S

UCAM

UNIVERSIDAD CATOLICA
DE MURCIA

ESCUELA INTERNACIONAL DE DOCTORADO
Programa de Doctorado en Ciencias del Deporte

Match demands, players’ characteristics, and
neuromuscular performance across the season in
elite futsal players.

Autor:
D. Konstantinos Spyrou

Directores:
Dr. D. Pedro E. Alcaraz
Dr. D. Tomas T. Freitas

Murcia, junio de 2023






S

UCAM

UNIVERSIDAD CATOLICA
DE MURCIA

ESCUELA INTERNACIONAL DE DOCTORADO
Programa de Doctorado en Ciencias del Deporte

Match demands, players’ characteristics, and
neuromuscular performance across the season in
elite futsal players.

Autor:
D. Konstantinos Spyrou

Directores:
Dr. D. Pedro E. Alcaraz
Dr. D. Tomas T. Freitas

Murcia, junio de 2023






UNIVERSIDAD CATOLICA
DE MURCIA

AUTORIZACION DEL DIRECTOR DE LA TESIS
PARA SU PRESENTACION

El Dr. D. Pedro E. Alcaraz y el Dr. D. Tomas T. Freitas como Directores® de
la Tesis Doctoral titulada “Match demands, players’ characteristics, and
neuromuscular performance across the season in elite futsal players.” realizada por
D. Konstantinos Spyrou en el Programa de Doctorado en Ciencias del Deporte,
autoriza su presentacion a tramite dado que retine las condiciones necesarias para

su defensa.

Lo que firmo, para dar cumplimiento al Real Decreto 99/2011 de 28 de enero,
en Murcia a 22 de junio de 2023.






ACKNOWLEDGEMENTS

I do not think I would have been able to do what I did without the guidance,
mentorship, and encouragement of many people, the memory of my life, and lastly,

the history of sports, science, and art.

Firstly, I would like to wholeheartedly thank Dr. Tomas T. Freitas and Dr.
Pedro E. Alcaraz for their mentorship and meticulous guidance during these years.
They allowed me to conduct and explore my ideas, helping me grow as a scientist,

professional, and person, and teaching me “fall fast — learn faster”.

Secondly, I would like to thank all the former and current members of the
Centro de Investigacion en Alto Rendimiento Deportivo (CIARD), Dr. Cristian
Marin-Pagén, Dr. Francisco Javier Martinez, Dr. Linda Chung, nurses, intern
students for their support, constructive discussions, and friendship. I would like
specially thank Mr. Antonio Martinez Serrano for the daily encourage and being
next to me every day in this journey, and Dr. Elena Marin-Cascales for the

tremendous help to apply for the PhD, and the support the following years.

Many thanks also to Dr. Jodo Brito for the incredible experience during these
3 months in Portugal Football School, Federacao Portuguesa de Futebol. The
experience made me not only a better researcher, but a better person. Thank you
for being part of this journey and for allowing me to learn from you every day in
such an elite level environment. I would like to thank to Dr. Daniel D. Cohen for
the thorough discussions and guidance. I would like to thank to Dr. Rubén Herrero-
Carrasco, and all the teams, players, technical staff for their help and availability to

conduct my research.

To the Catholic University of Murcia for the PhD grant and for supporting all

my research in the past four years.

Last but not the least, I would like to thank my family, parents Ioannis and
Kalliopi, my brother Georgios, my grand-mother Stamatia, and my uncle Kostas
for their unconditional love, care, and presence. All my dearest friends, Antonios,
Harris, Vasilis, Chrysanthos, Alexandros, and Marianna for all your support,

without even realizing it.

To all, my best regards.






"I hope for nothing. I fear nothing. I am free.".
Nikos Kazantzakis (1883-1957)






This thesis is a compendium of 9 articles already published in peer-reviewed

journals. The references for the abovementioned articles are as follows:

Article 1
Spyrou, K., Freitas, T. T., Marin-Cascales, E., & Alcaraz, P. E. (2020). Physical

and physiological match-play demands and player characteristics in futsal: a

systematic review. Front Psychol, 2870.

Article 2

Spyrou, K., Freitas, T. T., Herrero-Carrasco, R., Marin-Cascales, E., & Alcaraz,
P. E. (2023). Load Monitoring, Strength Training, and Recovery in Futsal:

Practitioners” Perspectives Science and Medicine in Football, 1-8.

Article 3

Spyrou, K., Freitas, T. T., Marin-Cascales, E., Herrero-Carrasco, R., & Alcaraz,
P. E. (2021). External match load and the influence of contextual factors in elite
futsal. Biology of Sport, 39(2), 349-354.

Article 4

Spyrou, K., Freitas, T. T., Marin-Cascales, E., Herrero-Carrasco, R., & Alcaraz,
P. E. (2021). Differences between official and non-official matches in worst-case
scenarios in elite futsal players. Baltic Journal of Health and Physical Activity, 13(4),
5.

Article 5

Spyrou K., Alcaraz P. E., Martinez Serrano A., Marin-Cascales E, Ferioli D.,
Santis Contreras J. P., Freitas T. T. (2023). Analysis of the Countermovement Jump
Variables according to Competitive Levels and Playing Positions in Futsal.
Submitted



Article 6

Spyrou, K., Alcaraz, P. E., Marin-Cascales, E., Cohen, D. D., & Freitas, T. T.
(2023). Changes in Neuromuscular Performance During Pre and Early Competitive
Season in Elite Futsal Players. Submitted

Article 7
Spyrou, K., Alcaraz, P. E., Marin-Cascales, E., Herrero-Carrasco, R., Cohen,
D. D., & Freitas, T. T. (2023). Neuromuscular Performance Changes in Elite Futsal

Players over a Competitive Season. The Journal of Strength & Conditioning
Research, 37(5), 1111-1116.

Article 8
Spyrou, K., Alcaraz, P. E., Marin-Cascales, E., Herrero-Carrasco, R., Cohen,
D. D., Calleja-Gonzalez, J., ... & Freitas, T. T. (2021). Effects of the COVID-19

lockdown on neuromuscular performance and body composition in elite futsal
players. The Journal of Strength & Conditioning Research, 35(8), 2309-2315.

Article 9
Spyrou, K., Alcaraz, P. E., Marin-Cascales, E., Herrero-Carrasco, R., Pereira,
L. A, Loturco, I, & Freitas, T. T. (2022). Injury rates following the COVID-19

lockdown: A case study from an UEFA futsal champions league finalist. Apunts
Sports Medicine, 57(213), 100377.



INDEX

ABSTRACT ..ottt et e a e e e a e e sasaa e aa e 17
RESUMEN ..ottt ettt eea et ea e a e saeaeaaes 18
ABBREVIATIONS......cuiiiiiiieieeeeee s ea e 21
LIST OF FIGURES.......coitiiiiiiiiiiiiiineeei ettt eteeae et et e e e e e 25
LIST OF TABLES......cuniiiiiiiiieii ettt ea e e e 27
LIST OF APPENDICES........ccouiiiiiiiiiiiiiiiiiiciiiiniiceceieicea e a e 29
CHAPTER I - INTRODUCTION.....cciiiiiiiiiiiiiiiiiiiicici e 31
CHAPTER II - OBJECTIVES.....ccciiiiiiiiiiiiiii e s 39
2.1.GENERAL OBJECTIVES. ..ot 41
2.2.SPECIFIC OBJECTIVES...... ..ottt 41
CHAPTER IIT - HYPOTHESES.......ccotniiiiiiiiiiiiiiiiinncccc e, 45
3.1.GENERAL HYPOTHESES..........ccooiiiiiiiiiiiii 47
3.2. SPECIFIC HYPOTHESES..........ccoiiiiiiiiiiiiii 47
CHAPTER IV - GENERAL OVERVIEW OF THE STUDIES............cc.cc.cuu.e. 51
CHAPTER V = STUDY ...ttt eieeteeneaeteeneaeaeaees 63
5. 1. INTRODUCTION. . ..ottt 65
52.METHODS ..ot 66
5.2.1.5tudy Design.........ooviiiiiiii 66
5.2.2.Search Strategy............ocooiiiiiiiiii 66
5.2.3. Inclusion and Exclusion Criteria..................coooiiiii 66
5.2.4. Study Selection............cooiiiiiiiiiiii 67
5.2.5. Data Extraction...........c..oooiiiiiiiiiii 67
5.2.6. Methodological Quality Assessment.................ccoviiiiiiiiiiiiiiinn, 68
5.3. RESULTS. .. oottt 68
5.4 LIMITATIONS. ..ot 91
5.5. CONCLUSIONS AND PRACTICAL APPLICATIONS..........cocooiiiiinnnn. 91
CHAPTER VI = STUDY 2...cuiiiiiiiiiiiiiiiiiiiiiiiciicineceeneneeecee e e e 93
6. 1. INTRODUCTION. ..ottt 95
0.2. METHODS ... 97
6.2.1. Study Design...........ooooiii 97
6.2.2. Participants. ..o 97
6.2.3. Procedures. ..........oooiiiiiiiiiii 98
6.2.4. Stastistical Analysis..........cooooiiiiiiiiiiiiii 98
0.3. RESULTS. ..o 98
6.4. DISCUSSION.. ... oottt 103

6.5. LIMITATIONS. . ... 106



14

6.6. CONCLUSIONS AND PRACTICAL APPLICATIONS............ccocoeiiiinni 107
CHAPTER VII=STUDY 3...cniiiiiiiiiiiieeecee e 109
7.1 INTRODUCTION. ... oot 111
72.METHODS ... 113
7.2.1.Study design........ooooiiiii 113
7.2.2. Participants. ..o 113
7.2.3. Procedures...........oooiiiiiiiiiii 114
7.2.4. Statistical analysis............c.ooooviiiiiiii 115
7.3 . RESULTS. ... 115
7.4 DISCUSSION.. .....ouiiiiiiiiiii e 117
7.5. LIMITATIONS. ..ot 120
7.6. CONCLUSIONS AND PRACTICAL APPLICATIONS...........cccoiiiinnni. 120
CHAPTER VIII = STUDY 4...cuiuniiniiiiiiiiiiiiiiiiiciicieccen et sae e 121
8. 1. INTRODUCTION. ...ttt 123
8.2 . METHODS ...t 124
8.2.1.Study Design...... ..o 124
8.2.2. Participants..............ooiiiiii 125
8.2.3. Procedures. ..........oooiiiiiiiiiii 125
8.2.4. Statistical Analysis............cooviuiiiiiiiiiiii 126
8.3. RESULTS.....ouiiiiii i 126
8.4. DISCUSSION.. ... ottt 129
8.5. LIMITATIONS. ... .ottt 131

8.6. CONCLUSIONS AND PRACTICAL APPLICATIONS..............oooiiinnn 131
CHAPTER IX = STUDY 5...uniiiiiiiiiiiiiiiicie et 133

9. 1. INTRODUCTION. ...ttt 135
9.2.METHODS.......oiiiiiiiii 136
9.2.1.Study Design...........ooiiiiii 136
9.2.2. Participants. ..o, 136
9.2.3. ProcedUures. ........ouiiniiiiii 137
9.2.4. Statistical Analysis...........covoviiiiiiiiiiiii 137
9.3. RESULTS. ....ouiiiii e 138
9.4. DISCUSSION.. ... ottt 143
9.5. LIMITATIONS. ..ottt 144
9.6. CONCLUSIONS AND PRACTICAL APPLICATIONS...........cocooiiiinnnnn 145
CHAPTER X = STUDY 6..cucuuiuiiniiiiiiiiiiiiiiiiiiiiiiiiieiieiceiceieenceaenencenennennes 147
10.1. INTRODUCTION. ..ottt 149
10.2.METHODS. ... 150
10.2.1. Study Design.......cooviiiiiiiiii 150

10.2.2. Participants. ..o 151



10.2.3. Procedures. ..........ooiiiiiiiiii 151
10.2.4. Statistical Analysis.............ocoviiiiiiiii 152
10.3. RESULTS. ..ot 152
10.4. DISCUSSION.. ..ottt 155
10.5. LIMITATIONS. ..ot 156
10.6. CONCLUSIONS AND PRACTICAL APPLICATIONS..............oooiinnen. 157
CHAPTER XI = STUDY 7..uniiiiiiiiiiiiiiiiiiiniieiieeieeceeceeeceeeeeeecreeeeeeeee 159
11.1. INTRODUCTION. ..ot 161
T1.2.METHODS. ... 163
11.2.1. Study Design.........ooiiii 163
11.2.2. Participants. ... 164
11.2.3. Procedures. ........o.oouiiiiiiiiii 165
11.2.4. Statistical Analysis...........ccooviiiiiiiiiiiiii 165
T1.3. RESULTS. ..ot 166
11.4. DISCUSSION.....oiniiiii 170
11.5. LIMITATIONS. ..o 172
11.6. CONCLUSIONS AND PRACTICAL APPLICATIONS.................ooooee. 172
CHAPTER XII = STUDY 8...cuitniiiiiiiiiiiiiiii et ae e 175
12.1. INTRODUCTION. ...cuiiiiii 177
122 METHODS. ... 179
12.2.1. Study Design.... ..o, 179
12.2.2. Participants. ..o 181
12.2.3. Procedures. ... ......oouiiiiiiiiii 181
12.2.4. Statistical Analysis...........ccooiiiiiiiiiiiiiiii 183
12.3. RESULTS. ...t 183
12.4. DISCUSSION......ciuiiii e 186
12.5. LIMITATIONS. ..o 189
12.6. CONCLUSIONS AND PRACTICAL APPLICATIONS.................oooeee. 190
CHAPTER XIII = STUDY 9..cueriiiiiiiiiiiiiiiiiiicineeeici et ceecee e 193
13.1. INTRODUCTION. ....ouitiiiiiii e 195
13.2.METHODS. ... 196
13.2.1. Study Design........oooviiiiiiiiii 196
13.2.2. Participants. ..o 196
13.2.3. Procedures. ..........ooiiiiiiiiiii 197
13.2.4. Statistical Analysis.............c.oooiiiiiiii 197
13.3. RESULTS. ...ttt 197
13.4. DISCUSSION.. ..ottt 198
13.5. LIMITATIONS. ..ottt 200

13.6. CONCLUSIONS AND PRACTICAL APPLICATIONS.........cccooiiiiinnanen. 200



16

CHAPTER XIV - SUMMARY AND DISCUSSION OF THE RESULTS......... 201
CHAPTER XV — CONCLUSIONS....cccitiiiiiiiiiiiiiiiiiiiiiiini e 217
15.1. GENERAL CONCLUSIONS. .....ouiiitiiiiii i 219
15.2. SPECIFIC CONCLUSIONS. ...ttt 220
CHAPTER XVI — LIMITATIONS.....ciuititiiiiiiiiiiiiiiiiiiiiinncnc e 223
CHAPTER XVII - PRCTICAL APPLICATIONS.....cccciviiiiiiiiiiiiiiiiiiiiinans 229
CHAPTER XIII - FUTURE RESEARCH LINES.......cccociiiiiiiiiiiiiiiiiiiiinne 233
CHAPTER XIX - MENCION INTERNACIONAL.......ccceeerirrrreeeeeinnreeeeenns 237
19.1. CONCLUSIONES GENERALES........ccciiiiiiiii 239
19.2. CONCLUSIONES ESPECIFICAS. ........ooiiiiiiiiiiiieeeeeee e, 241
CHAPTER XX — REFERENCES.......cccociiiiiiiiiiiiiiiiiiiiiiiiiiininien e cnee 245

CHAPTER XXI — APPENDICES.....ccciiiiiiiiiiiiiiiiiiiiiiniiiinniiinn e 269



17

ABSTRACT

Futsal, also known as five-a-side indoor soccer, is a team-sport that is becoming
increasingly popular in the last year. In fact, the number of futsal-related
investigations is growing in recent years. The current thesis aimed to describe and
explore the match demands, players’ characteristics, and the neuromuscular
performance across the season in futsal. The results of the present compendium of
articles allowed concluding that futsal players are exposed to high physiological,
neuromuscular, and biochemical stress during, immediately after, and post 24 h
following the game, with significant differences on match demands between
halves, but not considering contextual factors. Furthermore, official futsal matches
presented higher intensity when compared to non-official matches. Regarding
players’ characteristics, professional futsal players cover greater distance, perform
more high-intensity actions, and present lower standing time when compared to
semi-professional players; moreover, the former present low percentages of body
fat, high physiological and neuromuscular (i.e., sprinting, strength, and change of
direction) capacities, and superior performance in the eccentric metrics of the
countermovement jump (CM]J). Virtually all strength and conditioning coaches
report monitoring training load, most of them through the use of subjective tools,
utilize the neuromuscular and strength measurements to evaluate performance
and monitor fatigue, and practice strength training and recovery strategies for the
physical preparation in futsal. Elite futsal players presented significant positive
changes in CM] jump landing phases following the pre-season, however,
concentric peak power in CMJ decreased significantly during the competitive
season, and lastly, neuromuscular performance (i.e., sprint, horizontal jump, and
CM] kinetic variables), body composition, and relative number of non-contact
injuries were significantly negative affected by detraining period derived from
COVID-19 lockdown.

Keywords: five-a-side soccer, vertical jump, playing role, professional, team-sport.
Términos TESAURO: Fisiologia del Ejercicio; Fisiologia del Movimiento;

Biomecanica.
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RESUMEN

El fatbol sala es un deporte de equipo cada y vez mas popular en los ultimos afios.
De hecho, el nimero de investigaciones relacionadas con el fatbol sala esta
creciendo en los ultimos afios. La presente tesis tiene como objetivo describir y
explorar las exigencias del partido, las caracteristicas de los jugadores y el
rendimiento neuromuscular a lo largo de la temporada en el fatbol sala. Los
resultados del presente compendio de articulos permitieron concluir que los
jugadores de fatbol sala estdn expuestos a un elevado estrés fisioldgico,
neuromuscular, y bioquimico durante, inmediatamente después y después de las
24 horas posteriores al partido, con diferencias significativas en las exigencias del
partido entre las distintas mitades, pero sin tener en cuenta los factores
contextuales. Ademas, los partidos oficiales de fatbol sala presentaron una mayor
intensidad en comparacion con los partidos no oficiales. En cuanto a las
caracteristicas de los jugadores, los jugadores profesionales de fatbol sala recorren
mayor distancia, realizan mas acciones de alta intensidad y presentan menor
tiempo de pie en comparacion con los jugadores semiprofesionales; ademas, los
primeros presentan bajos porcentajes de grasa corporal, altas capacidades
fisioldgicas y neuromusculares (es decir, sprint, fuerza y cambio de direccion) y un
rendimiento superior en la métrica excéntrica del salto con contra movimiento
(CM)J). Practicamente todos los preparadores fisicos monitorizan la carga del
entrenamiento, la mayoria de ellos mediante el uso de herramientas subjetivas,
utilizan las mediciones neuromusculares y de fuerza para evaluar el rendimiento y
monitorizar la fatiga, y practican estrategias de entrenamiento de fuerza y
recuperacion para la preparacion fisica en fatbol sala. Los jugadores de élite de
fatbol sala presentaron cambios positivos significativos en diferentes fases del salto
CM]J después de la pretemporada, sin embargo, el pico de potencia concéntrica en
CM]J disminuy9 significativamente durante la temporada competitiva. Por tltimo,
el rendimiento neuromuscular (es decir, sprint, salto horizontal, y las variables
cinéticas CMJ), la composicién corporal, y el nimero relativo de lesiones sin
contacto fueron significativamente afectados negativamente por el periodo de

desentrenamiento derivado del confinamiento del COVID-19.
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Palabras Clave: futsal, salto vertical, posicion en la pista, profesional, deporte de
equipo.
Términos TESAURO: Fisiologia del Ejercicio; Fisiologia del Movimiento;

Biomecanica.
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The abbreviations of the units from the International System Units are not

included in the following list as there are internationally accepted standards for

their use. In addition, no abbreviations universally used in statistics are presented

in this section.

ACC:
ACChur:
AU:
CK:
CMJ:
CM]height:
COD:
CODme:
CON:
COM:
D:
Decem:
DEC:
DEChHe:
Difmean:
ECC:

EXPL-MOV:

FIET:
FIX:
FT-CT:
GPS:

Acceleration

High-Intensity Acceleration
Arbitrary Unit

Creatine Kinase
Countermovement Jump
Countermovement Jump Height
Change of Direction
High-Intensity Change of Direction
Concentric

Center of Mass

Defenders

December

Deceleration

High-Intensity Deceleration

Mean Difference

Eccentric

Explosive Movements

Futsal Intermittent Endurance Test
Fixed-Period

Flight Time-Contraction Time

Global Positioning System
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HR: Heart Rate

HRumax: Maximum Heart Rate
HRmean: Mean Heart Rate

Inse: In-Season

Jan: January

La: Blood Lactate

Lamean: Mean Blood Lactate

LNFS: Liga Nacional de Futbol Sala
MD: Match Day

NBA: National Basketball Association
Non-OFF: Non-Official

Oct: October

OFF: Official

PL: Player Load

PL-min: Player Load por minute

P: Pivot

Prese: Pre-Season

PRO: Professional

Post Prese: Post Pre-Season

REC: Recovery

RFD: Rate of Force Development
ROLL: Rolling Average

RPE: Rate of Perceived Exertion
RSImoa: Reactive Strength Index Modified
Sep: September

SlgA: Salivary Immunoglobulin A
SLJ: Standing Long Jump

SEMI-PRO: Semi-Professional

Svozmax: Speed at Maximum Oxygen Uptake



Sviz:
ST:
S&Cc:
TL:
VT2
VOr::

VOzmax:

WCS:

Speed Ventilatory Threshold
Strength Training

Strength and Conditioning Coaches
Training Load

Ventilatory Anaerobic Threshold
Oxygen Uptake

Maximum Oxygen Uptake
Worst-Case Scenarios

Winger
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I. INTRODUCTION

Futsal, also known as five-a-side indoor soccer, is a team-sport officially
authorized by Fédération Internationale de Football Association (FIFA) and is
becoming increasingly popular all over the world. Futsal is characterized as a high-
intensity intermittent sport that imposes high physical, technical, tactical, and
psychological demands on players (1). The game is played five-a-side (i.e., four on-
court players and one goalkeeper), in a 40x20 m court, with 3x2 m goal post and an
unlimited number of substitutions. The maximum number of players in a squad
for a match is 12 (10 court players and 2 goalkeepers). A futsal match consists of
two halves of 20 min separated by a 10 min break. The game-clock is stopped for
selected events, such as ball out of bounds, fouls or corners; thus, a competitive
match may last between 75 and 90 min (2). During match-play, teams can request
one time-out (1 min) in each half. Of note, the number futsal-related investigations
is growing in the last years, and several studies have focused on: 1) describing
competition demands via time-motion analysis (1, 3-8), or by reporting the
physiological (1, 4, 7, 9, 10), neuromuscular (3, 7, 11, 12) and biochemical (9, 13-15)
responses following a competitive match; and 2) monitoring the training load (TL)
and evaluating performance across the season (16, 17).

Considering match demands, time-motion analysis is frequently used within
team-sports to monitor and describe players” activity patterns and movements
during competition (18-20). In this context, total distance covered, moderate- and
high-speed running and the number and distance of sprints are the most commonly
reported variables as they could help describe match and players” positional
demands (19). In futsal, several studies have used video analysis and computer-
based tracking systems to analyze match-play demands (1, 3-8). For example,
Castagna et al. (4) investigated the game activities and showed that high-intensity
running and sprinting accounted for 12% and 5% of the whole match duration,
respectively, and players performed a sprint every 79 s with an average distance of
10.5 m, a duration of 1.95 s and a recovery (REC) between sprints of less than 40 s
(4). According to Barbero-Alvarez et al. (1), who investigated the activity profile

and match demands of an official (OFF) futsal match by video-system, the distance
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covered during a match was 4313 + 2139 m and the mean distance covered per
minute of play was 117.3 + 11.6 m. Moreover, the mean distances walking and
jogging were 397 m and 1792 m, respectively, which represents 9% and 40% of the
total mean distance covered (1). The mean distance in medium-intensity activity
was 1232 m (28.5% of total match), high-intensity running was 571 m (13.7%), and
sprinting was 348 m (8.9%) (1).

However, it is important to highlight that all previous information on futsal
match demands were derived from time-motion analysis, and only two studies (24,
25) used wearable technology (i.e., global positioning system [GPS] or
accelerometry) during the games, highlighting the need for further research
regarding the description of the external loads experienced by players during OFF
competition. Furthermore, when it comes to futsal, the influence of contextual
factors (i.e.,, opposing team’s ranking, match outcome, and location) has been
addressed mainly from a technical-tactical perspective (26) but literature is scarce
regarding external match load metrics, particularly using wearable technology-
derived variables. This information may result extremely helpful for coaches as
determining match demands based solely on video-analysis tools may be
considerably time-consuming and limit the proper quantification of non-locomotor
activities influencing sports performance (e.g., impacts or collisions) (27). As such,
a better understanding of match external load monitored via wearable technology
may help coaches and sports scientists to prescribe training sessions more related
to the actual efforts and demands of competition, thus enhancing performance and
potentially reducing the risk of injury. Furthermore, the type of matches in futsal
(i.e., OFF and Non-OFF) have not been extensively researched and it is yet to be
clarified how match-type may influence match-play demands. From a coaching
perspective, these are important aspects to consider, about players” preparedness
for training and competition loads during the season, and sport practitioners
should be conscious about the external match load depending on contextual factors
(i.e., opposing team’s ranking, match outcome, and location) and the type of the
game (i.e., OFF and Non-OFF).

When quantifying the demands of a match, different methods (i.e., “average
approach” or “worst-case scenarios” [WCS] methods) have been used to measure
and analyze the mechanical stress that players are exposed to during competition.
The WCS approach relates to the quantification of the most intense period of the
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game or training (28) and is becoming increasingly popular in team-sports, such as
soccer (29, 30), rugby (28), Australian football (31), futsal (32), and field- and ice-
hockey (33, 34), to assess fluctuations in match demands by dividing time-play into
discrete “epochs”. The WCS may be considered more accurate to quantify the most
intense periods of the game, because the “average approach” may overlook
variations and obscure the most intense periods of the play (35). Depending on the
availability of wearable technology (i.e., GPS vs accelerometry) and sport (i.e.,
indoor vs outdoor), player load (PL), PL-min”, total distance, and high-speed
running have been the most commonly investigated variables with time windows
ranging from 30 s to 10 min in length (28-33). Within the WCS approach, the fixed-
period method (FIX) was first developed (36), and consisted of splitting the time
into fixed-periods (e.g., 1-30 s, 31-60 s, etc.). However, quantifying WCS by rolling
average (ROLL) is considered more accurate, as this technique detects the exact
period (e.g., 1-30 s, 2-31 s, etc.) in which players reached the highest intensity (37,
38). Still, when it comes to futsal, literature is scarce about the quantification of
WCS of different matches (i.e., OFF and Non-OFF) and using different methods
(i.e,, ROLL and FIX).

Understanding match-play demands is important for player’s health (i.e.,
training and game availability and physical preparedness) and team’s success.
However, this is just a part of the puzzle when it comes to players’ physical
preparation. In this regard, strength and conditioning coaches (5&Cc) commonly
evaluate neuromuscular performance, such as jumping ability, across the season in
order to obtain further information on their athletes” performance status. This can
be used to avoid the detrimental effects of the training and to better assess the game
stress that players exposed to (39, 40). It has been shown that the successful
application of vertical ground reaction forces (i.e., as in vertical jumping) may play
a significant role in multiple athletic actions (e.g., sprinting or change of direction
[COD]) (41). For example, Ribeiro et al. (42) recommended that vertical jump
testing (i.e., countermovement jump [CM]]) should be conducted as it may help
understand players” neuromuscular readiness to compete which has implications
for their match performance and, consequently, for the final team result. For that
reason, and considering that lower-body powerful actions are determinant during
the match, several researchers (43-56) have investigated power related capacities of

futsal players. However, considering the different levels of futsal players, Naser
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and Alj, (50) identified no significant differences in CM] height (CM]Jheight) between
elite and sub-elite futsal players. Similar results obtained by Sekulic et al (181), as
top-level players outperformed high-level players in reactive strength index (RSI)
and broad jump, but not in vertical jump height. Based on the previous studies (50,
57, 58) that have assessed vertical jump height, it appears that elite futsal players
do not display greater jumping ability than their sub-elite counterparts, potentially
due to the limited influence of jumping ability in the game. However, it is
important to consider that CMJreight may not be sensitive enough to detect changes
in stretch shortening cycle performance or the contractile system function since
evidence indicates that athletes may change their movement strategy to maintain
or even increase jump height (40, 59). Therefore, a more comprehensive kinetic
analysis of the CM] force time curve and its derivative impulse, power, velocity,
and displacement metrics could enhance the difference of between athlete’s level

neuromuscular performance (60).

The typical competitive futsal season consists of ~50 regular matches
considering national and international competitions over a span of ~8.5 months,
with a frequency of 1-3 games per week. As mentioned above, PRO futsal players
face up to high physical stress (17, 61) and usually complete daily or twice-a-day
sessions for games’ preparation, covering as much as ~10 km (on average) at high
and very-high intensities during a typical weekly microcycle (62). For this reason,
training and competition loads can lead to not only acute neuromuscular fatigue
(i.e., failure of the musculoskeletal system to maintain the required force or power
output) (63), but also residual (i.e., 24 — 72 h following exercise (64)), and potentially
chronic fatigue (i.e.,, overtraining syndrome) (65), throughout the season, if
appropriate individual tailor-made training programs (e.g., adjusting REC times or

limiting on-court weekly distance) are not considered.

However, recently a number of studies (66-68) have shown that a more
comprehensive analysis of kinetic variables during the jump-land cycle is needed
to detect neuromuscular impairments associated with acute or residual fatigue.
Similarly, adaptive responses following periods of training (40, 59) or detraining
(66, 69) may require a thorough analysis of selected CM] metrics to identify
alterations in neuromuscular status during the season that are not detected by
monitoring jump height alone. Several investigations (67, 68, 70-74) have examined

neuromuscular performance at several timepoints during the season and shown
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that, overall, physical abilities tend to be maintained or decrease across the season.
Nevertheless, few studies (75-77) in futsal have investigated potential changes in
physical capacities across the season. Particularly, in PRO futsal players, the
influence of training and competition stress on sprint, horizontal, and vertical jump
performance and on CM]J kinetic variables (assessed pre-season [Pres], post Prese,

and multiple times across the in-season [Insc]) has not been examined.

As mentioned above, investigating about the neuromuscular performance
during the season is highly important for monitoring the player’s adaptations to
training and competition stress but also to reduced training periods (as seen at the
beginning of 2020 [March — May], due to the SARS-CoV-2 [COVID-19] pandemic).
Understanding how athletes respond under such circumstances is equally
important for minimizing detrimental effects and planning an appropriate
individual tailor-made training program. Considering that, and to paint a full
picture of the neuromuscular performance profile of professional futsal players,
complementary research about the effects of detraining periods, such as COVID-19
lockdown period, on neuromuscular performance, body composition, and number
of injuries in futsal is warranted.

Considering all the above, the present compendium of articles aimed: 1) to
systematically review the literature on futsal match demands and players
characteristics in futsal; 2) to describe practitioner’s perspective about the TL,
monitoring players” performance and fatigue assessment practices, and strength
training (ST) and REC strategies in PRO futsal players; 3) to compare the external
load metrics between halves, contextual factors (i.e., opposing team’s ranking,
match outcome, and location) using average-approach, and then the WCS between
OFF and Non-OFF futsal matches; 4) to compare the differences on CM]J jump
landing metrics between PRO and semi-professionals (SEMI-PRO) players and
amongst playing positions; 5) to examine neuromuscular performance (i.e., sprint,
vertical and horizontal jump) during Pres, early Ins, and across the season; and
lastly, 6) to study the neuromuscular performance (i.e., sprint, horizontal jump, and
CM]J jump landing phase variables), body composition, and the number of non-
contact injuries before and after long detraining periods, as observed during the
COVID-19 pandemic.
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II. OBJECTIVES

3.1. GENERAL OBJECTIVES

Considering the hypotheses previously outlined, and within the general
objectives of the current thesis, the present compendium of articles aimed to
describe and explore the match demands, players” characteristics, and the

neuromuscular performance across the season in futsal.

3.2.  SPECIFIC OBJECTIVES

The specific objectives outlined for each of the studies included in the present

thesis are presented below:

Study 1:
-To systematically review the literature on futsal match demands.

-To systematically review the literature on match demands differences
between PRO and SEMI-PRO players.

-To systematically review the literature on the physiological,
neuromuscular, and biochemical responses during competition, between the two

halves, immediately, and post 24 h following match-play.

-To systematically review the literature on futsal players” physiological and

neuromuscular characteristics.

Study 2:

-To describe the TL monitoring and player’s physical capacities evaluation
practices across the season.

-To describe the characteristics and prescription of ST during normal and
congested weeks.
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-To describe the REC strategies and methods following “home” or “away”

games.

Study 3:

-To compare the external load metrics (PL, PL-min"', ACCr, DECH;, EXPL
MOV, and CODmi) between halves.

-To measure the external load metrics (PL, PL-min-, ACCw, DECni, EXPL-

MOV, and CODmi) regarding contextual factors (i.e., team’s ranking, match result,

and location).

Study 4:
-To compare the WCS (PL-min') between OFF and Non-OFF futsal matches.

-To examine the WCS (PL-min) amongst different time intervals (i.e.,, 30 1,
3, and 5 min).

-To compare the differences on WCS (PL-min™) calculated by ROLL and FIX
method.

Study 5:

-To compare the differences on CMJ jump landing metrics (CM]Jheight, COM
displacement, flight-contraction time, RSImod, and ECC and CON duration, peak
force, power, and velocity) between PRO and SEMI-PRO players.

-To compare the differences on CMJ jump landing metrics (CM]Jheight, COM
displacement, flight-contraction time, RSImod, and ECC and CON duration, peak

force, power, and velocity) amongst playing positions (D, W, and P).

Study 6:

-To examine neuromuscular performance (i.e., sprint and CMJ jump
landing phase variables [CM]Jheight, RSImod, ECC and CON power, force, velocity,
duration, ECC Dec RFD, COM displacement, and landing peak force]) during Prese
and early Ins period.
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Study 7:

-To evaluate the neuromuscular performance across all metrics (i.e., sprint,
SLJ, and CM] jump landing phase variables [CM]Jheight, ECC and CON peak power
and velocity, duration, COM displacement, landing peak force, and RFD to peak

force]) across Inse.

Study 8:

-To study the neuromuscular performance (i.e., sprint, horizontal jump, and
CM]J jump landing phase variables [CM]Jheight, ECC and CON impulse, peak power,
and velocity, ECC RFD, and landing peak force and RFD to peak force]) and body
composition pre- and post- lockdown period derived by COVID-19.

Study 9:

-To present the relative number of non-contact injuries before and after the

season intermission (i.e., post-lockdown) derived by COVID-19.
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II. HYPOTHESES

2.1. GENERAL HYPOTHESES

Following an overview of the current state of the literature, it was
hypothesized that futsal match demands would be negatively affected on the
second half of the game with respect to the first and considering different
contextual factors. Moreover, player’s characteristics would be superior in PRO
futsal players when compared to SEMI-PRO counterparts. Lastly, it was
hypothesized that player’s neuromuscular performance would be diminished
immediately, and post 24 h following match-play and would fluctuate according

to the phase of the season.

2.2. SPECIFIC HYPOTHESES

The specific hypotheses outlined for each of the studies included in the
present thesis are presented below:

Study 1:

-A review of the literature would show that futsal players perform
intermittent high-intensity activities with a great number of acceleration (ACC),
deceleration (DEC), COD, and sprints, with short REC times between them during
match-play.

-The systematic review would allow concluding that elite futsal players
covering higher distance, performing more high-intensity actions, and presenting

lower standing time when compared to sub-elite players.

-A review of the literature would display that futsal match-play produces
important decrements in physiological, neuromuscular, and biochemical responses

between the two halves, immediately, and post 24 h following match-play.
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-The systematic review would present that futsal players would present low
percentages of body fat, and high level of physiological (i.e., VO2ma) and

neuromuscular (i.e., sprinting, strength, jumping, and COD) capacities.

Study 2:

-No leading hypothesis was taken for the questionnaire.

Study 3:

-External load metrics (PL, PL-min, high-intensity ACC [ACCmi], DEC
[DECHi], explosive movements (EXPL-MOV), and high-intensity [CODmi]) would
be lower in the 2" half when compared to the 1+t half.

-External load metrics (PL, PL-min?', ACCu, DECu, EXPL-MOV, and
CODri) would be higher against top-ranked teams, in “wins”, and during “home”

games.

Study 4:

-WCS (PL'min) would be higher in OFF when compared to Non-OFF
matches.

-WCS (PL‘min) would be higher in smaller (e.g., 30 s and 1 min) rather than
larger time-epochs (e.g., 3 and 5 min).

-WCS (PL-min!) would be higher when calculated by ROLL in comparison
with FIX method.

Study 5:

-PRO players would present higher performance in the CMJ metrics
(CMJheight, center of mass [COM] displacement, flight-contraction time, modified
RSI [RSImod], and eccentric [ECC] and concentric [CON] duration, peak force,
power, and velocity) when compared to SEMI-PRO players.

-No differences on CMJ] metrics (CMJheigh, COM displacement, flight-
contraction time, RSImoq, and ECC and CON duration, peak force, power, and
velocity) would be found between playing positions (i.e., defender [D], winger [W],
pivot [P]).
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Study 6:

-Neuromuscular performance (i.e., sprint and CM]J jump landing phase
variables [CM]Jneight, RSImod, ECC and CON power, force, velocity, duration, ECC
DEC rate of force development [RFD], COM displacement, and landing peak
force]) would increase following Pres. and then, due to the demands of competition

would be maintained or slightly decrease during the early Ins. period.

Study 7:

-Neuromuscular performance would decline across all metrics (i.e., sprint,
standing long jump [SL]], and CM] jump landing phase variables [CM]Jheight, ECC
and CON peak power and velocity, duration, COM displacement, landing peak

force, and RFD to peak force]) as the season progressed.

Study 8:

-Neuromuscular performance (i.e., sprint, horizontal jump, and CMJ jump
landing phase variables [CMJheignt, ECC and CON impulse, peak power, and
velocity, ECC RFD, and landing peak force and RFD to peak force]) and body
composition would be negatively affected by the lockdown period derived by
COVID-19.

Study 9:

-The relative number of non-contact injuries would be greater after the

season intermission (i.e., post-lockdown) derived by COVID-19.
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IV. GENERAL OVERVIEW OF THE STUDIES

STUDY 1:

PHYSICAL AND PHYSIOLOGICAL MATCH-PLAY DEMANDS AND PLAYER
CHARACTERISTICS IN FUTSAL: A SYSTEMATIC REVIEW

Abstract

Futsal, also known as five-a-side indoor soccer, is a team-sport that is
becoming increasingly popular. In fact, the number of futsal-related investigations
is growing in recent years. This review aimed to summarize the scientific literature
addressing the match-play demands from the following four dimensions: time-
motion/external load analysis and physiological, neuromuscular, and biochemical
responses to competition. Additionally, it aimed to describe the anthropometric,
physiological, and neuromuscular characteristics of elite and sub-elite male futsal
players, contemplating the differences between competition levels. The literature
indicates that elite futsal players cover greater total distance with higher intensities
and perform a greater number of sprints during match-play when compared to
sub-elite players. The physiological demands during competition are high (average
intensity of 285% maximum heart rate (HRmax) and ~80% VOzmax), with decrements
between the two halves. Research suggests that neuromuscular function decreased
and hormonal responses increased up to 24 h after the match. Considering
anthropometric characteristics, players present low percentage of body fat, which
seems commonplace among athletes from different on-court positions and
competition levels. Elite players display greater values and at VOzmax with respect
to sub-elite competitors. Little is known regarding elite and sub-elite futsal players’
neuromuscular abilities (strength, jumping, sprinting, and COD). However, it
appears that elite players present better sprinting abilities compared to lower-level
athletes. Futsal players aiming to compete at the highest level should focus on
developing maximal speed, lower-body power and strength, aerobic capacity, and

lean muscle mass.
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STUDY 2:

LOAD MONITORING, STRENGTH TRAINING, AND RECOVERY IN FUTSAL:
PRACTITIONERS’ PERSPECTIVES

Abstract

This study aimed to describe the current practices in futsal regarding a
variety of topics related to performance and injury risk mitigation. Thirty-seven
coaches from Spain and Portugal completed a questionnaire consisting of 28 closed
questions organized in four categories: a) background information; b) TL
monitoring and assessment of players” physical qualities; c) ST practices; and d)
REC methods. The results showed that coaches varied in experience (1 — 8 years)
and age (20 years — >50 years). Overall, 97.3% of the participants declared
monitoring TL, with rate of perceived exertion (RPE), heart rate (HR) monitors and
wearable technology being used by 86.5%, 40.5% and 37.8%, respectively.
Neuromuscular and strength testing are the most common practices to evaluate
performance and fatigue during the season. ST is a significant component in futsal,
being performed 3 times/week during the Pres. and Ins. ST is prescribed via
%1IRM-XRM (59.5%), velocity-based training (21.7%), repetitions in reserve
(18.9%), until failure (10.8%), and circuit training (2.7%). “Better Monitoring”,
“More Individualized”, “Better Facilities”, “More Staff”, and “More Time” were
the main aspects to improve ST. Multiple post-match REC strategies are used, with

durations ranging from 0 — 15 to 16 — 30 min independently of game location.
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STUDY 3:

EXTERNAL MATCH LOAD AND THE INFLUENCE OF CONTEXTUAL
FACTORS IN ELITE FUTSAL

Abstract

Quantifying external load during futsal competition can provide objective
data for the management of the athlete’s performance and late-stage rehabilitation.
This study aimed to report the match external load collected via wearable
technology according to time periods (i.e., halves) and contextual factors (i.e.,
team’s ranking, match result, and location) in elite futsal. Nine PRO male players
used a GPS-accelerometer unit during all games of the 2019-2020 season. PL,
PL-min!, ACCni, DECsi, EXPL-MOV, and CODsr data were collected. On average,
players displayed values of: total PL 3868 + 594 arbitrary unit (a.u); PL-min: 10.8 +
0.8 a.u; number of ACCnur: 73.3 + 13.8, DECnr: 68.6 + 18.8, EXPL-MOV: 1165 + 188
and CODsr: 173 + 29.1. A moderate and significant decrease was found in the 2nd
half for total PL (p =0.03; ES=0.52), PL-min"! (p = 0.001; ES =1.16), DECs (p = 0.001;
ES =0.83), and EXPL-MOV (p =0.017; ES = 0.58) compared to the 1¢ half. Small and
nonsignificant differences were found between contextual factors. In summary, this
study indicates that futsal players are exposed to high-intensity mechanical
external loads, and perform a great number of ACCu;, DECn;, EXPL-MOV and
COD#i, without being influenced by the team ranking, result and match location.
Coaches and sports scientists are advised to implement speed-power, DEC, and
COD activities in the training sessions, and may use these reference values to

design specific training and return-to-play plans.
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STUDY 4:

DIFFERENCES BETWEEN OFFICIAL AND NON-OFFICIAL MATCHES IN
WORST-CASE SCENARIOS IN ELITE FUTSAL PLAYERS

Abstract

Background: This study aimed to compare the WCS between OFF and Non-OFF

matches, in different time-periods in an elite futsal team.

Material and methods: Twenty-six games were divided into OFF (n =13) and Non-
OFF (n = 13). The WCS were calculated using: two methods, ROLL and FIX; four-
length epochs (30 s, 1, 3, and 5 min); and PL-min-.

Results: Considering ROLL, significant and small differences were found in
PL-min!, with higher intensity in 30 s (p =0.001; ES =-0.53) and 1 min (p = 0.001; ES
=-0.47) in OFF when compared to Non-OFF, but nonsignificant and small to trivial
changes in 3 min (p = 0.060; ES = -0.23) and 5 min (p = 0.605; ES = -0.06) were
observed. Regarding FIX, significant and small changes were obtained, with higher
intensity in OFF in all time-periods when compared to Non-OFF. Significant
differences were found between the two methods (ROLL vs FIX) in 30 s, 1 and 3
min, but not in 5 min. Significant differences, with lower PL-min-!, were observed
with increasing time-windows from both methods (p = 0.001).

Conclusions: In summary, OFF matches present higher WCS than Non-OFF ones

when considering short time-periods, and the FIX method could underestimate the
“actual intensity” of the match compared to ROLL.
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STUDY 5:

ANALYSIS OF THE COUNTERMOVEMENT JUMP VARIABLES ACCORDING
TO COMPETITIVE LEVELS AND PLAYING POSITIONS IN FUTSAL

Abstract

The aims of this study were to compare several countermovement jump (CM]J)
kinetic variables between PRO and SEMI-PRO futsal players and examine the
differences amongst playing positions. CM] performance from 56 male futsal
players (25.2 4.8 years; weight: 74.4 + 6.4 kg) was analysed. Players were separated
into PRO (n = 29; 27.0 + 4.4 years; 75.4 + 6.0 kg) and SEMI-PRO (n = 27; 22.7 + 4.3
years; 73.1 + 6.8 kg), and according to playing position: D (n = 16; 25.4 + 3.7 years;
75.2+6.0kg), W (n=26;23.5+4.5 years; 72.0 £ 6.9 kg), and P (n =14; 28.0 £ 5.6 years;
77.8 £ 4.3 kg). Linear mixed models and effect sizes were used for the analyses
based on the mean of two jumps for each variable. PRO players presented a higher
COM displacement (p =0.002, ES = 0.83), greater ECC absolute (p =0.019, ES=0.61)
and relative peak power (p = 0.046, ES = 0.52), and achieved greater ECC peak
velocities (p = 0.004, ES = 0.76) when compared to SEMI-PRO. Non-significant and
trivial-to-small differences were observed in all the other CMJ variables according
to the competitive level and playing position. ECC capabilities (i.e., deeper COM
displacement, greater ECC absolute and relative peak power, and peak velocity)
during vertical jump seem to differentiate PRO and SEMI-PRO players. However,
CM] variables do not discriminate amongst playing positions in futsal players.
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STUDY 6:

CHANGES IN NEUROMUSCULAR PERFORMANCE DURING PRE AND
EARLY COMPETITIVE SEASON IN ELITE FUTSAL PLAYERS

Abstract

This study aimed to investigate the variations on vertical jump and sprint
performance during the first weeks of a futsal season. Eleven elite futsal players,
competing in Spain’s 1% Division over the season 2019-2020, performed two CM]J
on a force platform at three different timepoints: before the Pres;; immediately after
the Pres; and early Ins. A one-way repeated measure ANOVA with Post-hoc
pairwise comparisons and effect sizes (ESs) were used. Non-significant and trivial
changes were observed in CM]Jheight (p =0.830; ES=0.12) among the three timepoints.
However, significant and moderate positive changes amongst seasons were found
in specific CM]J kinetic variables such as: RSImoa (p = 0.011; ES = 0.60), ECC peak
force (p =0.011; ES = 0.65), ECC DEC RFD (p = 0.008; ES = 0.60), ECC duration (p =
0.040; ES = 0.89), and CON (p = 0.030; ES = 0.45) and landing peak force (p = 0.012;
ES = 0.68). A significant time interaction was observed in sprint performance (p =
0.038; ES = 0.58); however, non-significant and small-moderate changes were
detected in sprint time when compared among periods. In conclusion, CM]J kinetic
variables should be incorporated and analyzed alongside more standard measures
(CMJheight) to monitor performance in elite futsal players, as changes of substantial
magnitude were observed in phase-specific metrics during the Pres. and the initial
stages of the competitive calendar.
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STUDY 7:

NEUROMUSCULAR PERFORMANCE CHANGES IN ELITE FUTSAL PLAYERS
OVER A COMPETITIVE SEASON

Abstract

A PRO futsal season imposes a great amount of physiological and
mechanical stress on players. The main aim of this study was to examine the
changes in neuromuscular performance qualities across the season. Ten PRO male
players performed a 10 m sprint, SLJ, and CM]J during the competitive season (i.e.,
every ~5 weeks from Sep to Jan). A one-way repeated measure ANOVA with Post-
hoc pairwise comparisons and effect sizes (ESs) were used to analyze potential
differences amongst these assessments. A significant and large decline was found
in CON peak power (p =0.040; ES =1.24). A non-significant and moderate decrease
was observed in sprint ability (p = 0.155; ES = 1.03), CMJheight (p = 0.175; ES = 1.00),
and SL] distance (p = 0.164; ES = 1.03). Regarding other CM] kinetic variables, non-
significant and moderate changes were found. In summary, considering the
neuromuscular performance tests and variables assessed, only CON peak power
in CMJ decreased significantly across the season; however, non-significant
decrements were observed in sprinting time, SLJ, CM]Jneight and other kinetic
metrics. CMJ variables during the jump-land cycle should be incorporated
alongside more traditional measures (e.g., jump height) to monitor performance

during the season.
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STUDY 8:

EFFECTS OF THE COVID-19 LOCKDOWN ON NEUROMUSCULAR
PERFORMANCE AND BODY COMPOSITION IN ELITE FUTSAL PLAYERS

Abstract

Recent world events (i.e., Covid-19 pandemic) led to an unparalleled
situation in sports. Players were forced to stay at home for a prolonged period and
not allowed to use their team’s training facilities or even exercise outdoors. The
main aim of this study was to examine the effects of the Covid-19 lockdown on
neuromuscular performance and body composition in futsal players. Ten elite male
players performed a 10 m sprint, horizontal and vertical jump, and body
composition measurements before and after the quarantine (i.e., 70 days). Pre-post
confinement differences in horizontal jump distance, CM] variables, sprinting time
and body composition were analyzed by a paired sample T-Test and effect sizes
(ES). A large and significant decline was observed in sprint ability (p = 0.004; ES =
1.31). Small and non-significant differences were found in horizontal jump
performance (p = 0.243; ES = -0.39). Non-significant differences were observed in
CM]Jreight (p =0.076; ES =-0.63) but moderate to large significant declines were found
in CMJ ECC DEC impulse, RFD, peak power, velocity and landing peak force (p <
0.05; ES=-0.52 - 1.23). Finally, trivial and non-significant differences were obtained
on body composition parameters. In summary, sprint performance and specific
CM] kinetic variables were significantly affected by long-term reduced training,
while vertical jump height and horizontal jump distance and body composition
were not. Practitioners are advised to implement efficient sprint- and ECC-oriented
training strategies to optimize return to competition after prolonged detraining

periods.
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STUDY 9:

INJURY RATES FOLLOWING THE COVID-19 LOCKDOWN: A CASE STUDY
FROM AN UEFA FUTSAL CHAMPIONS LEAGUE FINALIST

Abstract

Introduction: Recently, a pandemic disease (i.e., Covid-19) arose complicated
conditions for players, clubs, and sports competitions. Most European countries
postponed or canceled their respective leagues as players were forced into a long-
term lockdown. This case study presents and compares the absolute and relative
non-contact lower-limb injury rates and characteristics before and after the

lockdown from a Finalist of the UEFA Futsal Champion League.

Material and methods: Thirteen elite futsal players (age: 27 + 2.8 years old; body
mass: 76 + 5.4 kg; height: 1.79 + 0.1 m; body fat: 9 + 1.6%) participated in this study.
Injury severity, location, type, and mechanism were recorded. Data from the 6
weeks pre- and post-lockdown were collected, and injury rates were expressed per

1,000 training and match hours.

Results: Chi-Square tests revealed a significant difference (p = 0.039) in the
distribution of the number of injuries between the two moments. No overuse and
non-contact injuries were observed during the 6 weeks before the lockdown.
Nevertheless, 38% (i.e., 5) of the players suffered minimal severity (i.e., <3 days of
court absence) overuse injuries in the hip/groin and thigh muscles post-home-

confinement.

Conclusions: Elite male futsal players sustained a substantially higher number of
lower-body non-contact injuries after the lockdown. Practitioners should
implement a thorough analysis of players’ neuromuscular qualities and fatigue to
identify individual training and REC needs and, thus, prescribe more tailored

injury-reduction programs.
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V.STUDY 1

PHYSICAL AND PHYSIOLOGICAL MATCH-PLAY DEMANDS AND PLAYER
CHARACTERISTICS IN FUTSAL: A SYSTEMATIC REVIEW

5.1.  INTRODUCTION

Futsal, also known as five-a-side indoor soccer, is a team-sport officially
authorized by FIFA and is becoming increasingly popular all over the world. It is
characterized as a high-intensity intermittent sport that imposes high physical,
technical, tactical, and psychological demands on players (1). The game is played
five-a-side (i.e., four on-court players and one goalkeeper), in a 40x20 m court, with
3x2 m goal post and an unlimited number of substitutions. The maximum number
of players in a squad for a match is 14 (a maximum of 9 substitutes per team). A
futsal match consists of two halves of 20 min separated by a 10 min break. Given
that the game-clock is stopped for some events (i.e., ball out of the court, faults,
corners), a competitive match may last between 75 and 90 min (2). During match-

play, teams can request one timeout (1 min) in each half.

Of note, the number of futsal-related investigations is growing in recent
years. Several studies have described competition demands (1, 3-7, 24, 25, 80-83) by
reporting the physiological (1, 4, 7, 9, 10, 25, 81, 84), neuromuscular (3, 7, 24, 82) or
biochemical responses (9, 13, 15) following a competitive match. In addition,
different authors have shown particular interest in describing the characteristics of
futsal players such as anthropometrics (13, 45, 46, 51, 85-90), physiological (1, 9, 43-
45, 47, 49-52, 54, 55, 77, 81, 82, 84, 85, 88, 91-105) and neuromuscular qualities (43-
56, 84, 106-111). This is extremely important, since understanding the match
position-specific demands and the physical requirements for elite futsal players is
the foundation for planning an effective training program. With this is in mind, the
objective of this review is to update and summarize the current state of literature
on the match-play demands, physical, physiological, and neuromuscular
characteristics of elite futsal players, and to present the differences between
competition levels. To the best of authors” knowledge, this is the first systematic

review to simultaneously characterize futsal match-play demands through
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different approaches (i.e. time-motion analysis and wearable technology external
load data, physiological, neuromuscular and biochemical responses) and describe

the players’ physical attributes.

52.  METHODS

5.2.1. Study Design

The present study is a systematic review focused on the match-play
demands and players’ characteristics (i.e. anthropometrics, physiological and
neuromuscular) at different levels of competition in futsal. The review was
performed in accordance with Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (112) and did not require Institutional

Review Board approval.

5.2.2. Search Strategy

A systematic search was carried out in PubMed, Web of Science and
SportDiscus, all high-quality databases that assure a strong bibliographic support.
The search strategy considered all the related articles published until July 25, 2020.
To ensure that all studies related to this topic were identified, a broad and general
search was conducted by using solely the following keywords in the search
strategy: (“futsal” OR “indoor soccer” OR “five-a-side soccer”). All titles and
abstracts from the search were cross-referenced to identify duplicates and any
missing studies, and then screened for a subsequent full-text review. The search
was performed independently by two authors (KS, EMC) and any disagreement
was resolved by a third party (TTF).

5.2.3. Inclusion and Exclusion Criteria

The review included cross-sectional and longitudinal studies published in
English considering PRO futsal players. The studies were included if they
comprised: 1) elite male futsal players; 2) sub-elite players, but only when
compared to superior competition levels; 3) players > 20 years old; and 4) variables

related to the physical and physiological match-play demands and player
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characteristics (i.e., anthropometrics, physiological, or neuromuscular) were
reported. Importantly, in the context of the current review, players were classified
as elite if they competed in the National Team or 1¢ Division of their respective
countries or in the 2" Division of Spain, Portugal, Italy or Russia. All the players

that did not meet this standard were considered to be sub-elite.

Studies were excluded if: 1) participants were <19 years old; 2) were female;
3) only sub-elite/state level players participated in the study; 4) the division in
which players competed was not detailed in the study (e.g., the players were
referred to as “elite” but the article did not clearly mention that players competed
in 1% Division); 5) non-English language; 6) the methodological quality assessment

score was < 8; and 7) the study consisted on a review or a conference paper.

5.2.4. Study Selection

The initial search was conducted by two researchers (KS, EMC). After the
removal of duplicates, an intensive review of all the titles and abstracts obtained
was completed and the ones not related to the review’s topic were discarded.
Following the systematic screening process, the full-version of the remaining

articles was read. All studies not meeting the inclusion criteria were then excluded.

5.2.5. Data Extraction

Two reviewers (KS, EMC) extracted the following data from the included
studies: number and competitive level of the participants; match-play time-motion
and physiological data; players” physiological and neuromuscular characteristics,
the tests performed, measurement tools used and outcome units. As the aim of the
present review was not to investigate or determine the effects of different training
programs on futsal players’ physical qualities, in the studies in which interventions
were used, the baseline values (i.e., pre-intervention) were extracted and reported
in the respective tables in the Results section. In case the manuscript did not present
numerical description of the data, the software GetData Graph Digitizer 2.26 (free
software downloaded from http://getdata-graph-digitizer.com) was used to extract

the outcome values from the articles’ figures or graphs.
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5.2.6. Methodological Quality Assessment

The methodological quality of the included studies was evaluated
separately by two researchers (KS, EMC) using the modified scale of Downs and
Black (113). Disputes were resolved by a third party (TTF). Of the 27 criteria, 12
were applied according to the study’s design, as observed in similar research
previously published (114, 115).

5.3. RESULTS

5.3.1. Search Results

Figure 1 depicts the PRISMA flow diagram of the search and selection
process of the studies. The initial databases yielded 2346 citations and 3 additional
records were added through other sources. After duplicate removal, 1536 articles
remained. Upon title and abstract screening, 115 were left for the full-text review.
Of the 115 articles reviewed, 61 met the criteria for the systematic review. Of the 61
the studies, 12 included time-motion analysis and match external load data, 8
reported physiological responses to competition, 4 presented neuromuscular
responses, and 3 considered biochemical responses. Regarding players’
characteristics, 10 studies included anthropometric outcomes, 33 detailed
physiological variables, and 21 investigated neuromuscular capabilities. Most of

the studies were included in more than one section of the manuscript.
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Figure 1 Flow diagram
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5.3.2.1. Time-Motion Analysis and External Match Load

Time-motion analysis and external load tracking is frequently used within

team-sports to monitor and describe players’ activity patterns and movements

during competition (18-20). In this context, total distance covered, average speed,

the number and distance of sprints, ACC and DEC are the most commonly reported

variables as they help describe match and players” positional demands (116).

In futsal, several studies have used video analysis and computer-based

tracking systems but only two studies have used wearable technology (GPS or
accelerometer) to analyze match-play demands (Table 1) (1, 3-7, 24, 25, 80-83). Most
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recently, Ribeiro et al. (24) analyzed a series of kinematic, mechanical and metabolic
variables during match-play using GPS wearable devices (WIMU PROTM,
Realtrack Systems, Almeria, Spain) and found that the total distance covered was
3749 + 1123 m and sprinting (= 18.0 km-h™) distance corresponded to 135 + 54 m.
Moreover, the authors reported that futsal players performed a great number of
ACChHi (87 +£49) and DECH (80 + 32), when compared to the total number of jumps
(9 +4). Utilizing a different approach (i.e., time-motion analysis), Castagna et al. (4)
had previously investigated game activities and showed that high-intensity
running (= 15.5 km-h') and sprinting (> 18.3 km-h') accounted for 12% and 5% of
the whole match duration, respectively. Furthermore, players performed a sprint
every 79 s with an average distance of 10.5 m, a duration of 1.95 s and a REC
between sprints of less than 40 s (4). According to Barbero-Alvarez et al. (1), who
investigated the activity profile and match demands of an OFF futsal match using
a video-based system (AV Master 98 — Fast Multimedia), the distance covered
during a match was 4313 + 2139 m and the mean distance covered per minute of
play was 117.3 + 11.6 m. Moreover, the mean distances walking (0.37 — 3.6 km-h)
and jogging (3.7 — 10.8 km-h!) were 397 m and 1792 m, respectively, which
represent 9% and 40% of the total mean distance covered. The mean distance in
medium intensity activity (10.9 — 18 km-h') was 1232 m (i.e., 28.5% of total match),
high-intensity running (18.1 - 25 km-h') was 571 m (13.7%) and sprinting (> 25.1
km-h') was 348 m (8.9%) (1). In a different study, PRO futsal players tracked over
five matches (i.e. using DVideo software automatic tracking system) (5) were
reported to cover a total distance of 3133 m (2248 interquartile ranges) for the whole
match and a total relative distance of 97.9 + 16.2 during the 1+t half and 90.3 + 12.0
m-min’ during the 2nd. These values were somehow lower than the ones found by
Castagna et al. (4), which could be explained by the fact that, in the latter study,
players completed a simulated futsal match comprising four sets of 10 min, with a
5 min rest (i.e., different from an OFF game). The dissimilarities in match
characteristics may have allowed players to maintain higher levels of activity due

to the shorter working period.

Examining the number of sprints performed during futsal competition,
Caetano et al. (3) observed, using a video automatic tracking system, that players
execute 26 + 13.3 sprints throughout the match. A more thorough analysis of the

sprint demands noted that the most frequent repeated sprint actions comprised 2
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consecutive sprints and a REC of ~15 s. However, sequences of 3 and 4 sprints and
rest intervals of 30, 45 or 60 s have also been reported. Considering playing
position, there were no differences in sprint distance covered, peak velocity, initial
velocity, REC time between consecutive sprints and number of sprints per min (3).
This could be explained not only by the tactical and technical characteristics of the
sport (that make players more flexible to changing or rotating position) but also by
the unlimited number of substitutions or the possibility of playing with a “fly
goalkeeper” during match-play.

Comparing the 1%t and 2" halves, a study with Brazilian elite players (5)
found that the percentage of distance covered standing and walking was higher in
the 2nd half. Conversely, the distance covered at medium, high-velocity and
sprinting decreased significantly when compared to the 1t half (5), which
supported previous research (1, 24). A related study (7) confirmed that the total
distance (1%t half: 1986 + 74.4 m; 2~ half: 1856 + 129.7 m) and the distance covered
by minute (1% half: 103.2 + 4.4 m-min?; 2" half: 96.4 + 7.5 m'min?) decreased
significantly from the 1% to the 2 half, but found no meaningful differences
regarding the number of sprints or total sprinting time. Despite these
inconsistencies, it appears that intensity tends to decrease as the match approaches
the final minutes which may be due not only to increased fatigue levels but also to
tactical decisions (e.g., longer possessions or the utilization of a “fly goalkeeper”)

that “slow down” the game.

In an investigation analyzing international and national level futsal
competition, Dogramaci et al. (6) reported that elite teams covered a 42% greater
total distance than sub-elite (4277 + 1030 m vs 3011 + 999 m, respectively).
Moreover, the former traveled a 58% greater jogging distance, covered a 93%
higher distance while moving sideways or backwards and completed a higher total
number of activities (i.e., 468 + 77 for elite; 306 + 81 for sub-elite) (6). Upon review
of the included studies, it appears that elite futsal players perform more high-
energy metabolic and mechanical activities during competition with shorter REC
times. Match-related fatigue may influence high-intensity efforts and sprinting
time from 1+t to 2"d half. From an applied perspective, knowing the match demands,
understanding the differences in performance between the two halves, and
between PRO and SEMI-PRO athletes could be helpful for S&Cc and sport
scientists. These data may assist in developing more adequate match-action specific
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training strategies, thus enhancing performance and potentially reducing the risk
of injury. Interestingly, only two studies (24, 25) used wearable technology (i.e.,
GPS or accelerometry) during the games, highlighting the need for further research
regarding the description of the external loads experienced by players during OFF

competition.

5.3.2.2. Physiological Responses

Due to the frequent intermittent high-intensity actions that occur in most
team-sports, researchers have long been interested in understanding the
physiological stress imposed during the match by analyzing variables such as HR,
VO: or blood lactate (La) (117-119). Particularly in futsal, eight studies (1, 4, 7, 9, 10,
25, 81, 84) have investigated the physiological responses during a match (Table 1).

Barbero-Alvarez et al. (1) monitored the HR (Polar Vantage NV) of 10
players during four competitive futsal matches. The HRmean was 174 = 7 b-min-!
(range: 164-181), which represented 90 + 2% (range 86-93) of HRmax. With HR being
classified based on the percentage of time spent in different zones, players spent
0.3%, 16% and 83% at intensities < 65%, 85-65% and > 85% of HRmax, respectively.
Other data from OFF matches, however, displayed slightly lower HR values (86.4
+ 3.8% HRmax) (10). Comparing the two halves, different outcomes have been
reported in the literature. On the one hand, a significant decrease in the percentage
of time spent at an intensity > 85% of HRmax was identified from 1¢ to 2nd half (1).
On the other, no meaningful differences were found on HRmax (1t half: 186.9 + 9.2
b-min; 2nd half: 185.7 £ 10.0 b-min?) and HRmean (1%t half: 168.4 + 12.4 b-min!; 2d
half: 166.4 + 12.5 b-min) (7). According to Castagna et al. (4), the mean HRmax
achieved during a simulated futsal match corresponded to 90% of the maximal
treadmill test values, with peak values reaching 98%. Based on these results, it
appears that HRmax values during OFF competition are lower than the ones
achieved in a simulated match (i.e., 4 x10 min, with a 5 min intermission); however,

more research is needed to clarify the differences between 1¢t and 27 halves.

VO, a study reported that the mean game values (measured with a portable
gas analyzer) were 48.6 ml-kg'-min" (95% confidence intervals [95% CI]: 40.1-57.1
ml-kg'-min™) and that players spent 46% of the playing time (during a simulated
match) at intensities higher than 80% of VO2max (4). Moreover, the mean and peak
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values achieved during the modified game corresponded to 76% and 99%,
respectively, of the VO:max obtained in a maximal treadmill test (4). When it comes
to OFF competition data, an average intensity of 79.2 +9.0% of VOzmax was achieved
in terms of oxygen consumption (10). Concerning the accumulation of La, a mean
la (Lamean) value of 5.3 (95% CI: 1.1-10.4) mmol-L! was reported after the previously
mentioned simulated match investigated by Castagna et al. (4). Interestingly, and
following the same pattern observed in the other variables (i.e., HR and VOomax),
this value was higher than OFF games, in which Lamen (analyzed by an
electrochemical lactimeter YSI 1500) of 4.8 + 2.3 mmol-L* (1¢t half) and 4.2 + 2.2
mmol-L! (27 half) were found (7). Conversely, Bekris et al. (9), using a portable
blood analyzer, displayed higher values of Lamean (1t half: 14.9 + 4.9 and 24 half:
15.0 £ 4.7) as the assessment were performed throughout the match, when player

was taken out.

The knowledge about the physiological demands of futsal is of paramount
importance since it offers information concerning the stress imposed upon the
players during competition. The average intensity of effort during the matches is
high (mainly > 85% of HRmax) with an important decrement of high-intensity efforts

between the two halves.

5.3.2.3. Neuromuscular Responses

High-intensity efforts (e.g., sprinting, jumping, and COD) play a significant
role in team-sports. Several studies indicate that stronger and more powerful
players (i.e., with better-developed neuromuscular capabilities) of different sports
are prone to accelerate faster, jump higher, and change direction more rapidly (120-
122). Moreover, it has been shown that sport specific activities such as kicking or
tackling are also influenced by the ability of an athlete to generate greater levels of
force and power (123, 124). With this in mind, four studies (3, 7, 24, 82) investigated

the neuromuscular outcomes during and after a futsal match.

Of note, apart from the increases in sprint time from the 1t to 2 half
discussed above, important alterations in neuromuscular function have been
identified after a futsal match (3, 24). Particularly, decrements in peak force and
voluntary activation (i.e., manifestations of fatigue) were present following match-

play; moreover, these were significantly associated with a reduction in running
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actions (i.e., repeated high-intensity efforts and sprints) (7). Nevertheless, future
studies are necessary to better elucidate the mechanisms (i.e., if peripheral or
central in origin) impairing performance and the time-course of REC (i.e., when do
values get back to pre-competition levels) following a futsal match. Therefore,
coaches and strength and conditioning specialists are advised to closely monitor
the training and competition load and promote post-match REC strategies to
minimize injury risk and to potentially maintain players’ peak neuromuscular

performance throughout the season and during match-congested periods.

5.3.2.4. Biochemical Responses

To better understand the actual futsal match-play demands, and following
a more holistic approach to the study of the stress imposed by competition, some
researchers have investigated different biochemical markers post-game.
Particularly, three studies (9, 13, 15) have focused on this topic. A biomarker
associated with responses to exercise is the salivary immunoglobulin A (SIgA), and
when decreased, its concentration may be a good marker of excessive training
(125). Moreira et al. (15) collected unstimulated saliva samples to investigate the
SIgA responses in PRO futsal players and observed a decline in absolute
concentration, secretion rate, and saliva flow following a futsal match, which
proposes a general risk for respiratory tract infection incidence. Hence, according
to the authors’ recommendations, actions should be held to minimize contact with
virus or reduce TL under such conditions. Bekris et al. (9) examined the biochemical
and metabolic responses as well as the muscle damage induced by futsal
competition and identified increased creatine kinase (CK) levels and a reduced
testosterone/cortisol ratio after the game from blood samples collected from the

forearm vein.

As it could be expected, given that different positions have different
demands and characteristics (85, 90), dissimilar stress levels occur in the
biochemical and immune systems. Goalkeepers have been reported to have a
significantly higher La concentration and IL-6 when compared to on-court players
after the match; however, no differences in serum CK were obtained among
positions (13). In practical terms, results from the literature suggest that futsal
competition promotes a decrease of plasma SlgA, increased muscle soreness, CK

levels at post and post 24 h, and different stress responses among positions. These
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findings should be considered by coaches, strength and conditioning professionals,
and nutritionists in order to maximize athletes’ performance. Useful strategies may
be the utilization of different techniques to avoid overreaching in futsal players; for
instance, antioxidant supplement, omega-3 fatty acid, and anti-inflammatory drug

intake, as well as reducing the TL.
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5.3.3. Player Characteristics

5.3.3.1. Anthropometrics

Anthropometric characteristics (i.e,, height, body mass, and body
composition) are important components of physical fitness as it is well-accepted
that, for example, excessive body fat can potentially impair performance in team-
sports (126). Conversely, a greater percentage of muscle skeletal mass tends to
increase sport performance as it contributes to energy production during high-
intensity activities and enhances athletes’ force production capabilities (126). In this
context, several studies have investigated the anthropometric characteristics of
futsal players with the database search yielding 10 articles (13, 45, 46, 51, 85-90). In
general, elite futsal players have been reported to weigh, on average, ~70 kg, to
measure ~1.76 m of height and to display ~15% of body fat (86, 87).

Investigations comparing elite players with their sub-elite counterparts
found no significant differences in anthropometric characteristics (88, 89). For
example, Lopez-Fernandez et al. (89) found similar fat mass between elite and sub-
elite players. However, elite players demonstrated higher lean mass in the
dominant and non-dominant legs when compared to lower-level players;
moreover, the latter showed higher bilateral asymmetry in fat mass percentage. No
meaningful differences were found between PRO and SEMI-PRO players in a
sample of Brazilian futsal players (88). Therefore, it is still unknown to what extent
height and body mass may be adequate variables to discriminate athletes from
different competition levels.

Regarding playing position, research indicates significant differences on
anthropometric characteristics (85, 90). In a study comparing body fat percentage
among positions, P presented the highest value, followed by goalkeepers, backs,
and, lastly, W (90). In contrast, a different investigation (13) found that goalkeepers
were slightly taller and heavier and had a higher percentage of body fat (1.78 + 3.2
cm, 74 + 2.5 kg, 13 + 2%, respectively) than D (1.74 + 1 cm, 69 + 2 kg, 10 + 2%), W
(1.69 £ 3 cm, 68 = 2 kg, 11 £ 2%), and P (1.73 £ 2 cm, 71 + 2 kg, 10 + 2%). Similar
results were found by Baroni and Leal Junior (85), who indicated that the 22
goalkeepers comprised in the study’s sample were significantly heavier and taller



CHAPTER V.STUDY 1 79

than their 164 on-court counterparts. The lack of significant differences in body fat
among on-court players could be explained by the fact that, in futsal, playing
positions are highly variable during the game because of the tactical behaviors that
require players to perform multiple positional demands in order to adapt to the
team’s tactical system. It should be highlighted, however, that it is not clear
whether the higher body mass reported for goalkeepers consists of fat or muscle
mass. Given the paucity of data and lack of clear reporting, further research is
required to better clarify the positional differences in anthropometric

characteristics of futsal players.

In summary, according to the literature, futsal players display a low
percentage of fat, which seems to be commonplace among players from different
playing on-court positions and different competitive levels. This information may
be important to adjust training programs and should be considered on young talent

detection practices.

5.3.3.2. Physiological Characteristics

The aerobic energy system has a crucial role in futsal match-play since it is
well-established that this system improves REC after high-intensity exercise (127,
128). Futsal players perform around 4 km in a match, with frequent bouts of
repeated sprints, ACC, and DEC with short REC times, which supports the
importance of a well-developed aerobic energy system (1, 24). In addition, as
reported above, players achieve mean and peak VO: values during competition
which correspond to their 76 and 99% of VO:max, respectively. Upon review, 31
studies (1, 9, 43-45, 47, 49-52, 54, 55, 77, 81, 82, 84, 85, 88, 91-105, 129) have looked
at the physiological characteristics of elite futsal players (Table 2).

Considering competition level, elite and sub-elite players display dissimilar
aerobic capacities (50, 81, 88, 103, 129). For example, VOzmax values of 62.9 + 5.3
ml-kg? ‘min? were reported for elite vs. 55.2 + 5.7 ml-kg-min™! for sub-elite
athletes. Moreover, elite players presented a VO: at a ventilatory anaerobic
threshold (VT2) of 44.4 + 4.6 ml'kg™ ‘min~' while sub-elite displayed 39.1 + 4.0
ml-kgT-min™ (129). Interestingly, a study found no significant differences in VOzmax
and VO: at VT2 (in an incremental test in which players used a gas analyzer) but

reported that the speed at VT (Sve2) and speed at VOzmax (Svezmax) were significantly
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higher in elite players when compared to their sub-elite counterparts (Sv2: 11.2 +1.0
vs. 10.0 £ 1.2 km-h™; Svozmax: 17.5 £ 0.9 vs. 15.2 + 1.0 km-h) (88). Similar results were
found elsewhere, when comparing elite, sub-elite, and social futsal players, using
the distance covered in the Futsal Intermittent Endurance Test (FIET) (50). Elite
players covered a greater distance (1,378 + 228 m) in relation to sub-elite (1,018 +
133 m) and social players (781 + 220 m) (50).

A detailed look at the published studies portrays that different kinds of tests
have been used to assess aerobic performance in futsal (e.g., Yo-Yo IR1-IR2, FIET,
30-15 Intermittent Fitness Test, Futsal Circuit, and Carminatti’s test) and that fitness
field tests may be useful to evaluate the aerobic capacity on elite players (91, 92, 95-
97, 99). For example, a study by Nakamura et al. (49) showed that Brazilian elite
players covered 1,500 + 287 m in the Yo-Yo IR1 test whereas a sample of under-20
players completed only 1,264.0 + 397.9 m. Thus, it appears that such type of
protocols may differentiate athletes from different age categories. A practical way
to apply these field tests is through their implementation as part of the training
routine as they may be equally useful for training purposes and performance
monitoring. Moreover, the tests are inexpensive and need little equipment and few
resources and player motivation could be increased when tests are completed with
the ball.

The present findings suggest that physiological capacities may help
discriminate superior-level futsal players since elite competitors display slightly
higher VO:max and VT2 values and obtain superior scores in different field tests in
comparison with their sub-elite counterparts. Moreover, on-court players have
greater aerobic capacity when compared to goalkeepers. S&Cc and sport scientists
should focus on designing training drills that favor the improvement of the aerobic

capacity to prepare players to cope with the demands of match-play.
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5.3.3.3. Neuromuscular Characteristics

5.3.3.3.1. Strength capability.

Strength and power capabilities are key components in most team-sports.
Several studies have presented that stronger and more powerful players of
different modalities tend to be faster, have better COD ability, and jump higher
(120, 121, 130). In this context, four studies (43, 53, 108, 109) investigated the
strength capabilities of futsal players (Table 3). Utilizing an isokinetic
dynamometer, different authors (53, 108, 109) assessed elite futsal players’ strength
levels by reporting peak torque values of the quadriceps and hamstrings. De Lira
et al. (109) reported that peak torque values at 60°s ! of the dominant leg were
223.9 + 33.4 N'm for the quadriceps and 128 + 27.6 N'm for the hamstrings, while
the non-dominant leg displayed values of 224 + 35.8 N-m and 124.1 +20.1 N-m™" for
the knee extensors and flexors, respectively. The H/Q ratio was 0.58 + 0.1.
Interestingly, when the mixed H/Q ratio (i.e., hamstrings ECC angular velocity of
30e-s7! and quadriceps CON velocity of 240°-s!) was assessed in the preferred and
non-preferred limbs of 40 players, significant contralateral differences were found
on knee flexors’” ECC contractions and in the H/Q ratio in favor of the preferred
limb (53). Only one study assessed the one repetition-maximum (1RM) on the half-
squat exercise in order to characterize futsal players’ strength qualities (1RM: 94.73
+17.01 kg) (43).

Considering the previous, more research is clearly needed to investigate the
force production capabilities of futsal athletes, as the vast majority of research
utilized isokinetic dynamometry. Accordingly, the dominant leg seems to be
stronger (i.e., reach higher peak torque values) than the non-dominant leg. Based
on this information, strength and conditioning specialists should be aware that
unilateral strength testing may be necessary to allow preparing specialized and
tailored training plans to maximize lower-body strength and attenuate the
likelihood of injuries. However, given that isokinetic testing is extremely time-
consuming, expensive, and not practical to use in real world scenarios, other
exercises (e.g., half-squat, split squat, hip-thrust, or deadlift, isometric tests) should
be implemented when assessing lower-body strength.

5.3.3.3.2. Jumping ability
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Data from futsal competition indicates that players perform multiple high-
intensity efforts (i.e., jumping, sprinting, or COD) (3, 24). For that reason, and
considering that lower-body powerful actions are determinant during the match,
several researchers have investigated power related capacities of futsal players.
Particularly, 14 studies (43-56) assessed elite futsal players’ jumping ability (Table
3). For example, an investigation with 63 PRO players reported jump heights
(measured with a contact mat) of 37.8 cm in the squat jump and 38.5 cm in the CM]
as well as bar mean propulsive and peak power outputs of 9.2 and 20.4 W-kg™,
respectively (56). Similar values for the CM] were reported elsewhere (47).

Considering the different levels of futsal players, Naser and Ali, (50)
identified no significant differences in CMJneight between elite and sub-elite futsal
players. Despite the need for players to execute vertical jump actions during futsal
competition, it seems that these may be less determinant for performance when
compared to other sports, such as soccer. Based on the studies that have assessed
vertical jump height, it appears that elite futsal players do not display greater
jumping ability than their sub-elite counterparts, potentially due to the limited
influence of jumping ability in the game. However, it has been shown that the
successful application of vertical ground reaction forces (i.e., as in vertical jumping)
may play a significant role in multiple athletic actions (e.g., sprinting or COD) (41).
For this reason, S&Cc are encouraged to include multiple bilateral and unilateral
jumping tasks in their training programs to maximize lower-body power and,

consequently, performance of elite futsal players.

5.3.3.3.3. Sprinting ability

Data from match demands demonstrates that futsal players perform ~26
sprints with an average duration of 2—4 s over 8-20 m (3). Considering that, several
authors (44, 45, 47-51, 55, 56, 84, 106, 107, 110, 111) investigated the sprint
performance of futsal players (Table 3). Loturco et al. (56) utilized photocells to
examine sprint capabilities and found velocities (i.e., average velocity derived from
time and distance) of 4.81 + 0.25 m*s ! (5 m), 5.68 £ 0.19 m-s™' (10 m), and 6.61 + 0.22
m-s~' (20 m) in elite futsal players. Regarding ACC ability (i.e., calculated as the rate
of change of velocity with respect to time), the same study reported values of 4.64
+0.50 m's2 for 0-5m, 1.22 + 0.22 m-s2 for 5-10 m, and 0.74 + 0.09 m-s2 for 10-20 m.

Gorostiaga et al. (47) assessed 5 and 15 m sprint times (not velocities) of 15 players
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(using photocell gates) and found values of 1.01 + 0.02 and 2.41 + 0.08 s,

respectively.

Regarding competition level, a training approach based on the force—
velocity profile found that 1% Division futsal players sprinted 5 m in 1.36 + 0.04 s
and 20 m in 3.36 + 0.09 s while 2" Division players demonstrated lower sprint
performances (5 m: 1.40 + 0.02 s; and 20 m: 3.46 + 0.04 s) (107). Along the same lines,
other studies (50, 106) observed that elite futsal players run faster over 5, 10, and 20

m than sub-elite or social players.

From the above information, it appears that elite players tend to display
higher sprinting ability when compared to their sub-elite peers, although further
research is necessary. Nevertheless, given that the majority of the published
literature indicates that higher-level players tend to be faster, short sprints should
be seen as an important training stimulus that may enhance the players’ ability to

succeed at superior competition levels, where match demands are greater.

5.3.3.3.4. Change of direction ability and agility

COD is one of most important efforts in futsal due to the rapid changes of
activity during the match. COD relies on a series of anthropometric (e.g., height,
leg length), physical (e.g., lower-body and trunk muscular strength, speed-power-
related capabilities), and technical aspects (e.g., stride adjustments, foot placement)
(131, 132). In this context, six investigations (45, 48, 49, 56, 106, 111) have performed
an in-depth analysis of this paramount ability in futsal players (Table 3). In a study
that examined COD performance on different sports, including futsal, players
performed a zig-zag test consisting of four 5 m sections marked with cones set at
100- angles. The results found that futsal players obtained a COD velocity of 3.52 +
0.11 m-s! (56). When a complementary investigation from the same research group
assessed the “COD deficit” (i.e., the difference in velocity between a linear sprint
and a COD task of equivalent distance) for the first time in futsal, players from this
modality were found to be more efficient than soccer players at changing direction
but displayed COD deficits similar to other team-sports (i.e., rugby and handball
players) (111). Of note, a unique investigation (106) designed a “Y” -shaped pattern
test to evaluate COD and agility in futsal with and without ball using a timing gate

system. The COD and agility assessments without the ball requested participants
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to touch the ball and change direction; with ball, players had to dribble and conduct
the ball during the execution of each test. In the COD test, participants had
advanced knowledge of the task and knew which cone would light up. In contrast,
the agility drill was not planned, and players needed to identify a stimulus and
react accordingly. The results demonstrated that both tests were reliable after trials

of submaximal intensity, with lower reliability of the non-dominant leg (106).

In summary, further investigations regarding COD ability are needed in
futsal. S&Cc should implement COD training during tactical-technical sessions or
develop ACC-DEC capabilities through the use of other training approaches (i.e.,
resisted sprints, horizontally oriented power exercises, or ECC training) given the

importance of COD maneuvers in futsal.
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5.4. LIMITATIONS

Some limitations should be addressed when considering the present
research. Firstly, the number of studies assessing each variable is quite different,
which means that the evidence level is dissimilar among variables. For example,
there are more studies describing the match-play demands via time-motion
analysis than describing the strength or COD capacities of futsal players. Secondly,
the instruments, tests, or data collection procedures differed among studies, which
precluded a direct comparison and interpretation of the data in some occasions.
Further studies are still necessary to have a clearer picture of the futsal match-play
demands, particularly, using new technologies (e.g., GPS or accelerometry-based).
In addition, more research into the athletes” physical characteristics and
performance outcomes (and how they fluctuate across a competitive season) would

bring further understanding on the neuromuscular profile of futsal players.

5.5. CONCLUSIONS AND PRACTICAL APPLICATIONS

This systematic review provides useful information for S&Cc and sport
scientists regarding the match demands, anthropometric characteristics, and
physical qualities of elite and sub-elite male futsal players. The results indicated
that futsal is characterized by intermittent high intensity activities with a great
number of ACC, DEC, and sprints; short REC times between them; and multiple
COD actions during match-play. The abundance of these types of efforts produces
important decrements in physiological and neuromuscular responses between the
two halves and immediately following match-play. Moreover, biochemical
responses appear to be affected up to 24 h after the match. Comparing competition
level, differences were observed in match demands, with elite players covering
higher distance, performing more high-intensity actions, and presenting lower
standing time when compared to sub-elite players. An analysis of the
anthropometric characteristics of futsal players showed low percentages of body
fat with no differences between on-court players of different positions or level of
competition. However, goalkeepers were found to present higher body fat.
Regarding the physiological characteristics of futsal players, these display VOzmax

values of around 62 ml-kg"-min-". Elite futsal players possess higher VO:max, when
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compared to their sub-elite counterparts. From the present review, it can be
concluded that further investigation on the neuromuscular capabilities (i.e.,
strength, jumping, and COD) of futsal players is warranted. Still, it appears that
elite futsal players present better sprinting abilities when compared to lower-level
players but that jumping capacity seems not to differentiate between competition
levels. Futsal players aiming to compete at the highest level should focus on
developing maximal speed, lower-body power and strength, aerobic capacity, and

lean muscle mass.
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VI. STUDY 2

LOAD MONITORING, STRENGTH TRAINING, AND RECOVERY IN FUTSAL:
PRACTITIONERS’ PERSPECTIVES

6.1. INTRODUCTION

Futsal is a high-intensity intermittent sport, in which players are exposed to
considerable physiological, neuromuscular, and biochemical stress during the
game (61). Match-play data indicate that futsal players cover a total distance of
~4000 m, of which ~675 m were spent running (12 — 18 km-h') and ~130 m sprinting
(>18 km-h), perform ~70 ACCur and DECui and complete ~170 COD (24, 133). In
addition, a recent study (62) reported that, during a training microcyle, elite futsal
players may encounter very high demanding scenarios in terms of locomotor and
velocity metrics, reaching values similar to those observed in match-play. As such,
not only competition load, but also the load players experience in training should

be closely monitored.

S&Cc use TL as an essential tool to prepare tailor-made training plans and
control the volume and intensity of the training sessions (134). The consensus
statement of the International Olympic Committee on load in sports and risk of
injury states that a successful TL monitoring system is fundamental to ensure the
adaptation to stress, maximize physical performance, and possibly minimize the
risk of injury (135). The load could be considered as either internal, defined as the
physiological or psychological stress imposed on the athlete (i.e., RPE, HR), or
external, the objectively measured work performed (e.g., distance covered, number
of ACC or running speed) (136). Both internal and external load metrics are
commonly used for managing the TL in team-sports (136, 137). However, when it
comes to futsal, it is unclear which methods are the most utilized by current S&Cc

from PRO teams to monitor the TL and player’s physical capacities over the season.

Another important strategy commonly used by S&Cc to reduce injuries in

sports (138, 139) and enhance physical performance (140) is ST, due to its well
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documented benefits. For example, Case et al., (141) found that maximum Pres.

relative back squat strength differed between injured and uninjured male (i.e.,
football) and female athletes (i.e., softball and volleyball), with significantly lower
values found in athletes that sustained an injury during the season. Rennestad et
al. (142) observed that a weekly ST was enough to maintain strength, sprint, and
jump ability during the competitive season, whereas completing only one ST
session every second week, resulted in a reduction in strength and 40 m sprint
performance in PRO soccer players. In futsal, Torres-Torrelo et al. (143) concluded
that a light load and low volume ST performed twice a week (as a complement to
specific futsal training) led to improvements in physical performance, further
supporting the importance of training for strength development during the season.
Still, to date, little is known concerning ST and its characteristics (i.e., session
duration, frequency, and exercise prescription) during normal (e.g., one
game/week) and congested (e.g., two or more games/week) weeks in futsal. Thus,
understanding the ST practices from PRO S&Cc may provide important
information to other practitioners regarding the training characteristics, methods,

and programming strategies being currently used in real-world scenarios.

Futsal competition, as shown in different studies (61, 144), produces
significant post-match acute and residual physiological, neuromuscular, and
biochemical alterations. Neuromuscular capabilities (e.g., peak force) and
biochemical variables (e.g., CK and testosterone/cortisol ratio) may change
significantly following match-play (7, 9), despite the fact that, in futsal, the number
of substitutions is unlimited. Hence, REC plays a crucial role when preparing
players to cope with the stress they are submitted to during the competitive season.
In team-sports, REC methods can be focused on physiological (i.e., active REC, rest,
and sleep), physical (i.e., water immersion, contrast therapy, stretching, massage),
psychological, and nutritional (i.e., supplements, nutrition) aspects (145).
Nevertheless, literature on the REC strategies used in futsal is scarce, especially in
terms of the methods employed, its frequency and duration, and the different
practices according to game location (i.e., “home” or “away”) (144).

Considering that futsal is an emerging team-sport, and that there is still a

paucity of research on several important topics (e.g., TL and fatigue monitoring,

physical preparation, and REC), characterizing the way S&Cc work in real-world
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contexts is of interest. This valuable information may allow determining the current

strengths, weaknesses, and opportunities for improvement to further develop
futsal science and practice. Therefore, the present qualitative study aimed at
describing the practices of futsal S&Cc considering: 1) the TL monitoring and
player’s physical capacities evaluation practices across the season; 2) the
characteristics and prescription of ST during normal and congested weeks; and 3)
the REC strategies and methods following “home” or “away” games. There was no
leading hypothesis, and the questionnaire was designed to answer the three main

research questions declared above.

6.2. METHODS

6.2.1. Study Design

An exploratory study was designed to provide descriptive information about
TL monitoring, players” performance and fatigue assessment practices, and ST and
REC strategies in PRO futsal. Data was collected from S&Cc working in Spain and
Portugal.

6.2.2. Participants

Thirty-seven male S&Cc (age range: 20 — >50 years; PRO experience range: 1
—>8 years), working in the 1+, 2nd, or 274 B divisions from Spain (n =24) and Portugal
(n = 13) volunteered to take part in the study. According to the inclusion criteria
S&Cc should: a) work in the men’s 1%, 27, or 2nd B divisions and women’s 1t
division; and b) answer all the questions of the survey successfully. Data was
excluded if S&Cc: a) did not work in the above-mentioned divisions or worked
exclusively within the club’s academy (i.e.,, youth categories); and b) did not
complete the survey or completed it only partially. All participants were informed
of the benefits and risks of participating, and informed consent was obtained before
undertaking the questionnaire, with the approval of Local Ethics Committee with
the registration number CE072008.
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6.2.3. Procedures

All S&Cc were contacted electronically to introduce the study and present
the informed consent needed to participate in the anonymous online survey. The
questionnaire, adapted from previous research (146-149) and developed using
Google Forms, was sent by email with a web link created with the mentioned
platform. The data were collected from February 2021 to April 2021. Responses
were screened to determine potential duplicates and questionable answers, such as
untruthful, unrealistic, or unfinished responses. The survey consisted of four
sections: a) background information (4 questions); b) TL monitoring and
assessment of players” performance and fatigue (5 questions); c) ST practices (13
questions); and d) REC methods (6 questions). All questions (n = 28) were closed,
providing respondents with a predetermined set of answers that included a
comment box “other” in the majority of them. Most questions allowed more than
one response because coaches could report using multiple methods. Hence, some
questions had more responses than others. Pilot testing of the survey was
conducted by all the authors, then by two practitioners (S&Cc) to avoid ambiguity

of terms and ensure its validity for use with this population.

6.2.4. Stastistical Analysis

Statistical analysis was performed using the Jamovi Statistical package (2020;
version 1:8). Responses were analyzed using frequency analysis for each question
and presented as absolute frequencies and percentages. Mean + standard deviation
(SD) was calculated for a single question: “The importance of strength in futsal” as
a 1 -5 Likert scale (1 = not very important, 5 = extremely important) was used.
Thematic analysis was conducted according to Braun and Clarkes” guidelines (150),
previously used in sport science surveys (147, 151), with the following 6 phases: a)
familiarization with the data; b) generating initial codes; c) searching for themes;

d) reviewing themes; e) defining and naming themes; and f) producing the report.

6.3. RESULTS

Coaches’ Background Information
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Thirty-seven coaches completed the survey. From the total sample, 76.6% (n

= 25) reported working in their respective country’s men’s 1% Division, 5.4% (n = 2)
2nd Division, 10.8% (n = 4) 2~ B Division, and 16.2% (n = 6) indicated coaching in
women’s 1st Division. Regarding age, 35.1% of the practitioners were 30 — 39 years
old, 29.7% were 20 — 29 years old, 24.3% were 40 — 49, and 10.8% were >50 years
old. Considering coaching experience, 43.2% of S&Cc declared working in futsal >8
years, 35.1% between 4 -7 years, 13.5% between 1 — 3 years, and 8.1% had only one
year of experience. Finally, when answering the question “From what type of
sources do you obtain information related to your area of expertise?” the three most
frequent responses were “Other S&C coach” (86.5%), “Courses-Seminars” (81.1%)

and “Experience” (78.4%), as shown in Figure 2.

Figure 2 The percentage of the respondents answering what type of resources use
to obtain information about their field of knowledge.
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Monitoring Practices

Figure 3 outlines the tests and time-periods used for player’s performance
and fatigue evaluation during the season. S&Cc reported assessing body

composition (81.1%), vertical jump ability (72.9%), muscular strength (70.3%),
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COD-agility (69.9%), anaerobic capacity (54.1%) sprint (>10m) (51.4%), aerobic

capacity (43.2%), ACC ability (<10m) (40.6%), and flexibility (27.0%), in testing
sessions organized on a monthly (29.7%), biannually (27.0%), trimonthly (21.6%),

weekly (16.2%) or bimonthly (10.8%) basis. Regarding player’s fatigue, vertical
jump ability (45.9%), muscular strength (24.3%), and HR variability (21.6%) were
commonly used, being tested weekly (48.6%), trimonthly (16.2%), monthly (8.1%)
or bimonthly (8.1%). The most common method for recording TL was RPE (86.5%)
followed by external workload monitoring with wearable tracking system
(GPS/accelerometer) (37.8%), HR (40.5%), Acute-Chronic Workload ratio (37.8%),
and Total Quality Recovery Scale — Wellness (10.8%). Only one (2.7%) S&Cc
reported not monitoring TL.

Figure 3 A) The percentage of the respondents answering the tests, and time-
interval for player’s performance assessment. B) The percentage of the respondents
answering the tests and time-interval of player’s fatigue assessment.
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Strength Training

Figure 4 depicts the frequency and the duration of ST during Pres. and Ins..
Overall, ST was considered as “extremely important” (4.8 + 0.4) in futsal. During
normal weeks, S&Cc reported completing the first ST on the morning of Match-day
(MD) +2 (43.2%), followed by the afternoon of MD+1 (16.2%) or morning of MD+3
(16.2%), and afternoon of MD+3 (13.5%). Most ST sessions were reported to last 16
— 30 min (45.9%), followed by 31 — 45 min (29.7%), 46 — 60 min (16.2%), 0 — 15 min
(2.7%), 61 — 75 min (2.7%), and >76 min (2.7%), and focused on full-body training
(i.e., upper and lower limbs) (73.0%) and core (67.6%) exercises. During congested
periods, 18.9% of the S&Cc reported not prescribing ST. Amongst those who do,
most indicated that ST is performed in the morning of MD+2 (27.9%), afternoon of
MD+1 (16.2%) or MD+2 (16.2%), morning of MD+1 (10.8%), and morning or
afternoon of MD+3 (2.7%). In congested periods, ST sessions last between 16 — 30
min (45.9%), 0 — 15 min (24.3%), 31 — 45 min (18.9%), 46 — 60 min (8.1%), and 61 - 75
min (2.7%). The training session is centered on core (62.2%) and full-body (45.9%)

exercises.

Concerning ST prescription, the most used method reported was %I1RM —
XRM (59.5%), followed by velocity-based training (21.7%), repetitions in reserve
(18.9%), until failure (10.8%), and circuit training (2.7%). Finally, the main aspects
to improve related to ST, as reported by the S&Cc were: “Better Monitoring”
(73.5%), “More Individualized” (62.2%), “Better Facilities” (55.6%), “More Staff”
(35.1%) and “More Time” (10.8%).

Figure 4 A) The percentage of the respondents answering the frequency and time
range of the strength training during the pre-season. B) The percentage of the

respondents answering the frequency and time range of the strength training
during the in-season
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Recovery Practices

Figure 5 summarizes the REC methods, moment of the application, and
duration after “home” and “away” competitions. Following “home” matches, foam
roller (78.4%), active REC (76.6%), nutrition (67.7%), water immersion (64.9%),
stretching (51.4%) and supplements (51.4%) were the main REC strategies. These
were utilized after the match (54.1%), or afternoon MD+1 (40.5%), and lasted 16 —
30 min (56.8%), or 31 — 45 min (29.7%). Regarding “away” matches, nutrition
(67.6%), foam roller (55.9%), supplements (55.9%), stretching (55.6%) are the main
strategies used by S&Cc. The most frequent moments of application were reported
to be after the match (43.2%), and afternoon MD+1 (27.0%), with durations of 16 —
30 min (54.1%) and 31 — 45 min (27.0%).

Figure 5 A) The percentage of the respondents answering the methods, moment of
the application, and time range of the recovery session after a game at “home”. B)
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The percentage of the respondents answering the methods, moment of the
application, and time range of the recovery session after a game at “away”.
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6.4. DISCUSSION

To the best of authors” knowledge, this is the first study to describe the TL
monitoring and physical performance assessment practices, the characteristics of
ST and REC strategies in PRO futsal. As such, the present findings allow an
overview of the current performance and injury mitigation strategies adopted by
S&Ccin Spain and Portugal. The main results were: a) virtually all coaches reported
monitoring TL, most of them through the use of subjective tools; b) neuromuscular
and strength measurements are among the strategies that practitioners utilize to
evaluate performance and monitor fatigue; c) ST plays a crucial role in physical
preparation in futsal and a typical ST session program consists of 3 sessions per
week during the pre- and in-season; and d) multiple REC strategies (i.e., foam
roller, stretching, nutritional, and supplementation strategies) are used following

“home” and “away” matches.

Of note, the vast majority (97.3%) of the S&Cc from Portugal and Spain

reported monitoring TL (either internal or external) in PRO futsal, which is in line
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with previous studies in high-level football and rugby clubs (146, 147). The most

common method of recording TL was the RPE with 86.5%, followed by HR and
GPS/accelerometry systems and that were used by 40.5% and 37.8%, respectively.

Interestingly, these results contrast with those obtained in PRO soccer, where the
majority of coaches reported to collect HR data and GPS/accelerometry and only a
few utilize RPE and other subjective variables (21, 146). A possible explanation may
be related to the fact that the use of GPS technology is inoperable in indoor sports
(152), and that local positioning systems must be installed in the team’s facilities,
which limits its application in, for example, “away” games. As a consequence, the
use of wearable tracking systems is somehow limited in futsal (i.e., it is not possible
to obtain distance or velocity metrics), as only accelerometry data can be analyzed
(152). Another potential factor explaining the differences between futsal and soccer
with respect to TL monitoring is related to the economic disparities between both
sports, since HR and GPS/accelerometry wearable technology are expensive
(hence, more difficult to implement in futsal) and RPE is a “low cost” solution. In
support of this notion, a previous study (147) in amateur rugby union found that
the most common method to record TL was, indeed, RPE. From a practical
perspective, the present results reinforce that, even in the absence of abundant
economic resources, monitoring TL during the season is possible [and
recommended], as shown by the high percentage of S&Cc that reported using
subjective variables (e.g., RPE).

Considering player’s physical capacities testing across the season, S&Cc
generally evaluate body composition (81.1%), vertical jump ability (72.9%),
muscular strength (70.3%), COD-agility (69.9%), followed by anaerobic capacity
(54.1%) sprint (>10m) (51.4%), aerobic capacity (43.20%) and ACC ability (<10m)
(40.6%) (Figure 3). These tests are usually conducted monthly (29.7%), biannually
(27.0%), trimonthly (21.6%), weekly (16.2%), and bimonthly (10.8%). Regarding
player’s fatigue, S&Cc reported conducting assessments mostly every week (Figure
3) with vertical jump height, muscular strength, and HR variability being the
variables most commonly tested. Remarkably, it seems that neuromuscular and
strength capacities evaluations are used to evaluate both performance and fatigue
during the season with different frequency between practitioners in futsal. These

results are in line with previous research (149, 153) that have demonstrated that
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jump tests, strength measurements, and sport-specific assessment protocols are

commonly used in other team-sports, implemented on a weekly or monthly basis.
Noteworthy, other studies (146, 148) presented that S&Cc implement
questionnaires or GPS/accelerometry systems to manage performance and fatigue
status, which contrasts with the present investigation where these methods were
reported to be used to control TL and not evaluate player’s physical capacities. In
applied settings, and according to the current practices in PRO futsal, it appears
that S&Cc consider that evaluating players” physical capacities during the season

is valuable and allows for adjustments in the training plan to be made accordingly.

When inquired about ST, all practitioners reported it to be a significant and
highly important training component in futsal (i.e., 4.8 + 0.4 out of 5). Previous
studies have confirmed the positive effects of ST on physical capacities in futsal
(143, 154, 155). Specifically, Marques et al, (155) found significant improvements in
physical performance (i.e., CMJreight, sprint time, T-Test, kicking ball speed, and
maximum strength in leg-press) following two weekly ST sessions complementing
specific futsal training. In the present study, S&Cc reported prescribing ST mainly
3 times/week (55.6%), with sessions lasting 31 — 45 min (32.4%), 16 — 30 min (29.7%)
or 46 — 60 (24.3%) in the Pres.. During in-season, practitioners declared performing
3 weekly ST sessions (45.9%), but with shorter durations (16 — 30 min, 45.9%; 31 —
45 min, 27.0%; and 46 — 60, 21.6%) (Figure 4), most likely due to the limited time to
dedicate to the development of physical qualities during the training week. A novel
aspect within this investigation was related to how S&Cc vary their ST practices
depending on the competitive calendar (i.e, normal vs congested weeks).
Interestingly, the first ST during a normal week is performed mostly on the
morning of MD +2 (43.3%) and comprises both lower and upper body lifts (73%)
and core (67.6%) exercises. During congested periods, short (i.e., 16 — 30 min, 45.9%
or 0 — 15 min, 24.3%) ST sessions focused on the core musculature (62.2%) and (to
a lesser extent when compared to normal weeks) lower and upper limb exercises
(45.9%) are executed in the morning of MD +2 (27.9%). However, these results
should be interpreted cautiously as they are mainly anecdotal evidence and more
research is needed on the effects of ST on players’ performance and REC profile

during normal and congested weeks in futsal.
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Considering REC methods in futsal, current evidence-based knowledge is

poor (144) as only few studies have investigated this topic (156-159). Nevertheless,
and although their results should be interpreted with caution due to some of the
parameters used to evaluate REC, Rahimi et al. (157) found that utilizing foam
rollers resulted in superior REC effects as assessed by subjective variables, and
physical performance when compared to passive REC. Furthermore, Tessitore et
al. (158) analyzed the effects of immediate postgame REC interventions (i.e., seated
rest, supine electrostimulation, low-intensity land exercises, and water exercises),
and found no significant differences amongst REC interventions for anaerobic
indicators, hormonal responses, muscle pain, and players’ perceptions of REC (i.e.,
questionnaires). Regarding the results obtained herein, it seems that S&Cc adjust
REC approaches depending on the game location (i.e,, “home” versus “away”).
Precisely, active REC, water immersion, and massage therapy appear to be more
utilized following “home” games when compared to “away” (76.6% vs 35.1%;
64.9% vs 21.6%; 48.6% vs 37.8%, respectively). However, foam roller, stretching,
nutritional and supplementation strategies are independent of the game location
as the percentages of each do not differ greatly. Of note, REC sessions are mainly
taking place after the game (43.2% and 54.1% following “home” and “away”
games, respectively) or on the afternoon of MD +1 (“home”: 40.5%; “away”: 27%)
and last 15 — 30 min (Figure 5). Nevertheless, more research on the effects of
different REC methods in futsal players and their individual response is warranted.

6.5. LIMITATIONS

Whilst this is the first study to investigate the coaches’ methods for
monitoring TL, player’s physical capacities, and the programming of ST and REC
sessions, it is not without limitations. It is important to acknowledge that the results
are based solely on the beliefs, experiences or training philosophy of S&Cc and that
different staff members (e.g., physiotherapists, nutritionists, etc.), who are directly
involved in injury risk mitigation and REC strategies were not included.
Furthermore, players did not participate in the survey, which limits access to
important information such as whether they use further assistance on REC or
physical preparation in their own time, outside club’s facilities. These findings
should not be generalized, as the data was collected only from practitioners
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working in Spain and Portugal and must be applied with caution due to the

plethora of contextual factors (i.e., international and national tournaments, club’s
philosophy etc.), team’s resources, and players’ individuality (e.g., sex or training
background) that may have influenced the results. Still, describing coaches’
perceptions and practices about the topics addressed herein is certainly vital for
helping the futsal community understand its strengths, weaknesses, and
opportunities for improvement in terms of TL and fatigue monitoring, physical

preparation and REC.

6.6. CONCLUSIONS AND PRACTICAL APPLICATIONS

This study provides a comprehensive insight into the TL monitoring, players’
physical capacities assessment, and the characteristics of ST and REC practices in
futsal in Spain and Portugal. All coaches reported monitoring TL, most of them
through the use of subjective tools (e.g., RPE). As such, following the practices
already implemented in other sports, futsal teams should provide more financial
and technical support, to allow hiring more staff members and acquiring, for
example, HR or GPS/accelerometry systems, in order to optimize training
monitoring and prescription. Neuromuscular and strength measurements are
among the strategies that practitioners utilize to evaluate performance and fatigue.
From an applied perspective, S&Cc should integrate tests in the training sessions
to frequently obtain information on their athletes” performance/fatigue status. ST
plays a crucial role in physical preparation in futsal. A typical ST session program
consists of 3 sessions per week during the pre- and in-season, focused on upper
and lower limb exercises and core strengthening. A possible solution to ensure that
this training frequency is met, coaches may reduce the duration of the ST sessions
during the competitive phase of the season Lastly, multiple REC strategies (i.e.,
foam roller, stretching, nutritional, and supplementation strategies) are used
following “home” and “away” matches. In applied settings, S&Cc are advised to
implement the above-mentioned REC strategies independently of game location.
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VII. STUDY 3

EXTERNAL MATCH LOAD AND THE INFLUENCE OF CONTEXTUAL
FACTORS IN ELITE FUTSAL

7.1.  INTRODUCTION

Futsal is an indoor sport characterized as a high-intensity intermittent
modality with high physical, technical, and tactical demands (1, 61). Due to its
increased popularity, better understanding the activity profile of futsal match-play
has been a main interest of practitioners and researchers. In this regard, several
studies have investigated the match demands in futsal using different approaches,
such as time-motion analysis (1, 3, 5, 81), physiological parameters monitoring (e.g.
HR and VO:) (4, 7) and, more recently, wearable technology tracking
(GPS/accelerometer) (24, 25).

Through time-motion analysis, it was observed that, during a match, players
execute ~30 sprints, comprising sequences 2, 3, and 4 consecutive sprints, separated
by rest intervals of 30, 45, or 60 s (3). Match external load refers to the physical
demands (i.e., ACC and DEC, COD and jumps) derived from position data or
inertial measurement units (160). Recently, Ribeiro et al. (24), using GPS
technology, reported that futsal players covered 3750 + 1123 m, from which 135 +
54 m were completed sprinting (>18 km-h'). Moreover, players executed a great
number of ACC (5 +2 n'min), and DEC (5 + 2 n-min™) relative to “court time” (24).
These data confirm the importance of high-intensity efforts during futsal match-
play. Still, when it comes to a precise quantification of actions such as ACC, DEC,
and COD, evidence is still scarce. More research is warranted since studies
investigating these variables using wearable technology analyzed only a small
number of matches (24, 25).

When examining a futsal game’s demands more thoroughly, different
investigations (1, 4, 5, 7) have confirmed that the match activity tends to decrease
from the 1+ to the 274 half. For example, Milioni et al. (7) found that total distance

covered, distance per min, maximal isometric force and voluntary activation were
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inferior in the 274 half when compared to the 1¢ in a simulated match. Bueno et al.
(5) reported an increment of the percentage of standing and the distance covered
at walking velocity in the 2" half compared to the 1¢; in contrast, the percentage of
medium and high-intensity activity decreased in the 27 half of an OFF game.
Interestingly, data collected using GPS revealed no meaningful differences on
metabolic, kinematics, and mechanical activity between halves (24). Due to these
inconsistencies, further research is needed to better clarify the demands of each
half.

Considering contextual factors, studies from different sports (161-166)
suggest that opponent’s ranking and match location or result may affect game
demands. For instance, Goodale et al. (164) found that female rugby players
covered higher total, medium- and high-intensity running distances during losses
and against top-ranking opponents when compared to wins and bottom-ranked
opponents. Moreover, Vescovi et al. (166), investigating the match demands and
the impact of contextual factors in PRO female soccer, detected no differences
between home versus away competition, but that the relative distance covered was
greater during losses. Notably, when it comes to futsal, the influence of contextual
factors has been addressed mainly from a technical-tactical perspective (26) but
literature is scarce regarding external match load variations, particularly using
wearable technology-derived variables. This information may result extremely
helpful for coaches as determining match demands based solely on video-analysis
tools may be considerably time-consuming and limit the proper quantification of
non-locomotor activities influencing sports performance (e.g., impacts or
collisions) (27). As such, a better understanding of match external loads monitored
via wearable technology may help coaches and sports scientists to prescribe
training sessions more related to the actual efforts and demands of competition,

thus enhancing performance and potentially reducing the risk of injury.

Based on the previous, the main purposes of this study were: 1) to quantify
the match external load and movement demands during competitive PRO futsal
matches while identifying differences between time-periods (i.e., 1t and 2"¢ halves)
using accelerometer-based technology; and 2) to investigate whether contextual
factors (i.e., opposing team’s ranking, match outcome, and location) affect external
load variables during the match. It was hypothesized that there would be a
significant decrease in the external load parameters in the 274 half with respect to
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the 1+t half and that external mechanical loads would be higher against top-ranked

teams, in “wins” and during “home” games.

72. METHODS

7.2.1. Study design

A retrospective, observational, cohort study design was used. The match
activity profile of elite male futsal players was collected using wearable technology
(i.e., accelerometers [Catapult Innovation; Melbourne, Australia]) throughout the
season 2019 — 2020 (20 Games). Consistent with the Liga Nacional de Futbol Sala
(LNES) (1¢ Division of Spain) rules, games lasted 40 min and consisted of two 20-
min halves separated by a 10-min break. Only 10 of the team’s 15 players were
monitored, because of the GPS availability. The study procedures did not influence
or alter the match in any way. To compare team’s ranking, the following criteria
was determined: “high”: the top five teams in the league (excluding the monitored
team) (n = 6 matches); “medium”: the following five teams (n = 8 matches); “low”:
the bottom five teams of the league (n = 6 matches). Match-outcome was classified
as “win” (n =13 matches), “loss” (n = 5 matches) and “draw” (n = 2 matches). Due
to the small number of “draws”, this condition was excluded from the present
study. Match location was referred as “home” (n=12) and “away” (n=8).

7.2.2. Participants

Ten elite male futsal players (age: 26.7 + 3.1 years old, body mass: 74.7 + 5.9
kg, height: 1.78 + 0.06 m, body fat: 8.8 + 1.5%), members of a team competing in
LNFS and finalists of the UEFA Futsal Champions League were monitored for this
study. Only data from on-court players selected by the coaching staff in the Pres. to
wear the technology and that participated in at least 75% of the games throughout
the season were considered for analysis. One of the players did not complete >75%
of games due to injury and was excluded from the study’s sample. As a
consequence, 9 players (Back: n = 3; W: n = 4; P: n = 2) finally participated in the
investigation. By signing a PRO contract with the club, all players provided
individual consent for data collection and study participation. All procedures were
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approved by the Local Human Subjects Ethics Committee and conducted
according to the Declaration of Helsinki.

7.2.3. Procedures

Instrumentation: The activity profile data was collected via a portable GPS
unit Catapult Sport Optimeye S5 (Catapult Innovation; Melbourne, Australia)
comprising a tri-axial accelerometer, gyroscope, and magnetometer, which provide
data for inertial movement analysis at a sampling rate of 100 Hz. Previous research
has reported this technology to be valid and reliable (167). The devices were fitted
to the upper back of each player using a specific vest under the athletes’ jersey. To
avoid potential inter-unit error, each player wore its own device, that was the same
throughout the season (168). To represent the match-play cumulative load, data
collection was initiated when players were in the locker room after the warm-up
period, 10 min before starting the match and concluded before the postgame cool-
down. All data were analyzed by Catapult Sport Openfield software (Catapult
Innovation; Melbourne, Australia), which applies specific algorithms to transform
the input of raw inertial data during athlete movement into meaningful and

standardized output variables used to quantitate the movement experience.

Activity Profile Data: Variables of interest in this study included average and
PL, PL-min"!, ACCui, DEChi, EXPL-MOV, and CODmu. PL consists of the sum of the
ACC across all axes of the internal tri-axial accelerometer during movement (100
Hz), applying the established formula (169) and expressed as an a.u. PL-min-!
divides the accumulated PL by time, providing an intensity index and expressed
as an a.u (170). ACChru refers to the total inertial movements registered in a forward
acceleration vector within the high band (>3.5 m-s2) and DECu: corresponds to the
total inertial movements in a DEC vector within the high band (<-3.5 m-s2). CODm
represents total inertial movements registered in a rightward/leftward lateral
vector within the high band (>3.5 m-s?). Regarding the number (i.e.,, count) of
ACCHi, DECHy, and CODwj, only high-intensity inertial movements were considered
in the present research. EXPL-MOV encompass the total inertial movements
irrespective of the direction (i.e., ACC, DEC, and COD; jumps not included) within
the medium and high bands (>2.5 m-s?). Previous studies (171, 172) have already
investigated and confirmed the validity and reliability of the aforementioned
variables (i.e. ACCui, DECHi, EXPL-MOV, and CODm).
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7.2.4. Statistical analysis

Statistical analysis was performed in Jamovi statistical package (2020;
Version 1.2). Data are presented as mean + standard deviation (SD). One-way
analysis of variance (ANOVA) was used to determine the differences among
opposing team’s level. Post-hoc pairwise comparisons were performed to identify
significant main effects between high, medium, and low ranking teams. To detect
differences between game periods (i.e., 1% and 2"¢ halves) a paired sample T-Test
was applied. To analyze the contextual factors (i.e., Home-Away, and Win-Loss
games), Independent Samples T-Tests were performed. Cohens’s effect sizes (ES)
were computed to determine the magnitude of every paired comparison and
classified as: trivial (<0.2), small (>0.2-0.6), moderate (>0.6-1.2), large (>1.2-2.0), and
very large (>2.0-4.0) (173). Significance level was set as p < 0.05.

7.3.  RESULTS

Table 4 depicts the external match demands considering the full-game data
as well as the 1+t and 2" halves separately (i.e., average values from all games). A
significant and small-moderate decrease in total PL and PL-min" was observed in
the 2nd half. Moreover, the number of DECmr and EXPL-MOV was significantly
lower during the 27 half, with small to moderate effect sizes. Small non-significant
differences were obtained for ACCri, and CODmu.

Table 4 Match-play demands and comparison between the 1%t and 2" halves

Variables Full Game 1%t Half 2rd Half  pvalue ES

Total PL au 3868+594 1990+299 1868 + 344* 0.030 0.52
PL-min~! au 10.8+0.8 11.2+0.9 10.4 +1.0* 0.001 1.16
ACCu n° 73.3+13.8 36+7.3 37.3+9.9 0593 0.12
DECu n° 68.6+18.8 38+9.4 30.6 £ 11.3* 0.001 0.83
EXPL-MOV n° 1165+ 188 611 £ 97 559 + 108* 0.017 0.58
CODu1 n° 173+£29.1 89.5+19.6 85+16.4 0.410 0.18

Values expressed as mean + SD.

*p < 0.05; significant first and second half difference by a Paired Sample T-Test.
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ACCHr: high-intensity acceleration; a.u: arbitrary units; CODw: high-intensity change of direction;
DECH: high-intensity deceleration; ES: effective size; EXPL-MOV: explosive movements; n°: number;
PL: player load; PLmin: player load per minute; SD: standard deviation.

Tables 5 and 6 display the external load variables according to the contextual

factors. No significant differences were attained in external match load metrics

regarding the opposing team’s level, the match outcome, and the match location.

Table 5 Futsal match-play demands according to the opposing team’s ranking

position
High Medium Low

Variables (n=g 6) (n=8) (n=6) p value

Total PL  a.u 4021 +653 3802 + 703 3804 + 522 0.795

PL min?' a.u 10.3+0.9 11.0+0.9 11.0+0.6 0.328
ACCur n° 81+55 71.7+14.1 68.8 +16.6 0.625
DECu n° 73+189 69.7 +19.5 64.5+19.9 0.732
f\fl(cp)i; n° 1217 + 163 1171 £ 233 1122 +182 0.131
CODm n° 185 +24.1 166 £ 39.5 170 £24.5 0.477

Values expressed as mean + SD.

ACCHr: acceleration; a.u: arbitrary units; CODmr: change of direction; dECri: deceleration; EXPL-MOV:

explosive movements; n°: number; PL: player load; PL-min: player load per minute; SD: standard

deviation.
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Table 6 Match-play external load according to match result and location.

Match Result p Match Location p
value ES value ES
. Win Loss Home Away
Variables (n=13) (n=5) (n=12) (n=8)
4036 +
Total PL  au 3846623 3990+689  0.675 0.22 3757 £ 646 408 0315 047

PLmin? au 11.0+0.7 10.2+1.0 0.082 0.97 11.0+05 105+1.0 0.174 0.64

ACCm1 n° 72.1+16 794 +43 0.337 0.52 72.6 +15.9 7?(')4; 0.784 0.12
704 +

DECwu n° 67.2+20.8 704 +£19 0.766 0.15 67.4+20.7 16.7 0.741 0.15

EXPL- R 1210 + 1212 +

MOV n 1157+203 179 0.621 0.26 1134 +206 157 0.376  0.41

CODmr n° 171+1.1 182+26.2 0.491 037 169+33.6 180+21  0.405 0.38

Values expressed as mean + SD.
ACCHr: high-intensity acceleration; a.u: arbitrary units; CODmr: high-intensity change of direction;
DECH: high-intensity deceleration; ES: effect size; EXPL-MOV: explosive movements; n°: number; PL:

player load; PL-min: player load per minute; SD: standard deviation.

7.4.  DISCUSSION

The present study investigated the external load demands of elite male’s
futsal match-play by describing six variables (i.e., PL, PL-min"!, number of ACCuy,
DECh, EXPL-MOV and CODmr) collected via wearable technology. The current
research is of interest for practitioners as it provides descriptive data pertaining to
a top-3 futsal team competing in Spain’s 1% Division that was monitored
throughout the entire season. Remarkably, for the first time, we identified, by
accelerometry-based data, that a significant decrease in PL, PL-min"', DECHi, and
EXPL-MOV occurs in the 274 half when compared to 1¢. In contrast, other variables
such as ACCn, and CODm appear to not decline significantly as the match
progresses. Finally, another key finding was that contextual factors (i.e., opponent
team’s level, match outcome, and match location) seem not to influence the external

match-load metrics.
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Regarding match demands, the present results reinforce previously
published research (1, 3-5, 24, 83) and confirm, through accelerometry data, that
futsal is, indeed, a high-intensity intermittent modality in which players perform
multiple ACCri, DEChi, and CODmr actions (61). Specifically, players were found to
perform, on average, around 1165 + 188 moderate-to-high-intensity explosive
actions (> 2.5 m's?) in all planes of movement during a single match. These results
are in line with a previous study (24) that investigated the external match-demands
by GPS and reported that futsal players may perform around 80 ACC and DEC
actions during match-play. From a practical standpoint, identifying these variables
is extremely useful for S&Cc to prepare more specific training plans according to
the demands that players are expected to encounter during competition, and to

plan safer return-to-play protocols.

Of note, when analyzing game periods (i.e., halves), players displayed higher
total PL, PL-min"!, and DECr and EXPL-MOV in the 1¢t half when compared to the
2nd, Similar results were obtained by other authors (1, 4, 5, 7) using time-motion
analysis and indicating that the percentage of distance covered at medium and
high-velocity, and sprinting was greater during the 1+ half. However, reports of no
meaningful differences between the two halves can also be found in the literature
(3, 24). For example, Ribeiro et al. (24) found that kinematic (i.e., distance covered
per min, sprints), mechanical (i.e., ACC, DEC), and metabolic variables (i.e.,
metabolic power per min) weren't affected by time-periods. These contradicting
results could be explained by different factors related to futsal’s characteristics (e.g.,
unlimited number of substitutions), or tactical decisions (e.g. “fly-goalkeeper”).
Further research on the influence of tactical behaviours in external match load
activities (i.e., complementing the recent work by Rico-Gonzdlez et al., (26)) is
warranted. Based on the previous, S&Cc should prepare the players to be able to

complete and tolerate high-intensity activities until the end of the game.

Regarding the influence of the opposing team’s ranking on the league, no
meaningful differences were observed on any external load variable which
indicates that similar physical demands are placed on players, when playing
against the top or bottom competitors, in order to achieve a positive result. Along
the same lines, related studies (161, 165) on other team-sports have displayed
similar physical match-demands against low-, medium- and, high-level opponents.
However, Goodale et al. (164) found that total distance covered and activities at
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moderate and high-speeds were higher when playing against the top-4 opponents
when compared to the bottom-4. From an applied perspective, these findings
suggest that players are exposed to high mechanical loads irrespective of the level
of the opposing team; hence, from a physical preparation standpoint, TL should
not be greatly altered the week prior to playing, for example, a bottom-ranked

team.

Considering match result (i.e., Win-Loss), no significant differences were
found on external match load. The present data do not seem to support a previous
study (163) that found that the number of jumps, ACCu;, DECH;, and COD were
higher during losses when compared to wins in basketball. Additionally, Vescovi
et al. (166) observed that relative sprint distance was greater during losses than
draws in PRO women soccer players. It is probable that tactical aspects could
explain these disparities as, in futsal, it is common for teams to follow the same
tactical move when losing the match: playing with a “fly-goalkeeper” which “slows
down” the game. In applied settings, coaches and sports practitioners should
consider that players are exposed to similarly high match demands after losing (in
comparison with wins or draws), and that appropriate TL management is
necessary. Therefore, the tendency to train “harder” after losses should be avoided

as it could lead to detrimental effects on players’ physical performance.

The external match load and activity profile were similar regardless of the
game location (i.e., home versus away). Given that during the season travel time
does not usually exceed ~3 hours by flight or bus in Spain, travel fatigue would
most likely not affect players’ performance. Moreover, most of the players had
experience playing in national and international leagues (i.e., LNFS, Champion
League), which ensures a high level of familiarity with travelling. Previous research
(162, 166) from other team-sports supports the present results. PRO female soccer’s
players were found to experience no differences on physical demands irrespective
of match location (166). Conversely, related studies (174, 175) have reported a
significant decline on performance when playing “away” compared to “home”.
Still, caution is necessary when comparing results from different studies. There are
important factors that could influence the outcomes such as sport characteristics
(i.e., futsal, soccer, and rugby), travel time or even time-zone changing since long-
haul, and trans meridian travelling has been suggested to affect players’
performance (176, 177).
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7.5.  LIMITATIONS

This study is limited by its small sample size. Nevertheless, it is worth noting
that the present research presents accelerometry-based match data from a total of
20 games from a PRO, top-3 LNFS team and finalist of the UEFA Champions
League. Previous studies using similar technology analyzed six (24) and three (25)
games and both coincided that studies comprising a greater number of matches are
necessary. A second limitation is that the match external load was monitored only
for on-court players, and no goalkeepers’ demands during the match-play were
considered. Lastly, it is limited by the difference between the total number of

matches classified as “win” (n =12) and “loss” (n =5).

7.6.  CONCLUSIONS AND PRACTICAL APPLICATIONS

From an applied perspective, based on the findings herein, intermittent
game-based drills that require multiple high-intensity efforts (e.g., short sprints in
multiple directions or DEC) and speed-power exercises should be prioritized in
training. These activities will seemingly prepare players to perform and tolerate
activities similar to the ones they may encounter during match-play. Additionally,
and in contrast with the initial hypothesis, contextual factors (i.e., team ranking,
match result, and location) appear not to affect the external match-load in futsal;
thus, coaches should not substantially alter their weekly training plan (from a
physical preparation perspective) whether the team plays home or away, or against
a top- or bottom-ranked opponent. Lastly, coaches and sports scientists can utilize

these results as a reference to design specific training and return-to-play plans.

Through the analysis of accelerometry-based data, this study indicates that
futsal players are exposed to high mechanical external loads, and perform a great
number of ACCui, DECri, CODni, and EXPL-MOV during a match. Additionally,
higher total PL, PL-min"', DECr;, and EXPL-MOV are obtained in the 1% half when
compared to the 2n. Contextual factors (i.e. match result, team’s ranking and match
location) do not seem to affect any of the external variables studied. Coaches and
sport scientists should consider the present findings when plaining specific

training sessions and return-to-play approaches from an injury perspective.
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VIIL. STUDY 4

DIFFERENCES BETWEEN OFFICIAL AND NON-OFFICIAL MATCHES IN
WORST-CASE SCENARIOS IN ELITE FUTSAL PLAYERS

8.1.  INTRODUCTION

Futsal is a high-intensity intermittent indoor sport, in which players are
exposed to repetitive high-demanding scenarios during match-play (61, 62). A
recent study (133) reported, through wearable technology (i.e., accelerometry) data,
that futsal players perform around ~70 ACCri, DEChi, and ~170 COD#r during OFF
games. Moreover, players have been found to cover around ~3700 m in a single

match, of which ~135 m are spent on high-speed running actions (>18 km-h) (24).

Of note, the type of games in futsal (i.e., OFF and Non-OFF) may influence
match-play demands. Specifically, PRO players have been reported to spend ~12%
and ~5% of the whole game duration in high-intensity running and sprinting
actions in a simulated match (i.e., 4 x 10 min), values lower than the ~14% and ~9%
found during OFF competition (1, 4). Likewise, the time of REC between sprint
bouts is higher in Non-OFF (i.e., ~40 s) when compared to OFF matches (~15 s) (3,
4). Considering physiological parameters, a study (1) found that players spent 83%
of the playing time above 85% of the HRmax in OFF games as opposed to another
investigation that reported that only 36% of the total time was spent at >80% of the
HRmax in Non-OFF matches (9). For this reason, to prepare players adequately to
cope with training and competition loads during the season, practitioners should
be conscious that their athletes are exposed to dissimilar stress levels depending on
the type of the game.

Regarding the quantification of the match demands, different methods (i.e.,
“average approach” or “worst-case scenarios” [WCS] methods) have been used to
measure and analyze the mechanical stress that players are exposed to during the
match. The WCS approach relates to the quantification of the most intense period
of the game or training (28) and is becoming increasingly popular in team-sports,
such as soccer (29, 30), rugby (28), Australian football (31), futsal (32), and field-
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and ice-hockey (33, 34), to assess fluctuations in match demands by dividing time-
play into discrete “epochs”. The WCS may be considered more accurate to quantify
the most intense periods of the game, because the “average approach” may

overlook variations and obscure the most intense periods of the play (35).

Depending on the availability of wearable technology (i.e., GPS vs
accelerometry) and sport (i.e., indoor vs outdoor), PL, PL-min", total distance, and
high-speed running have been the most commonly investigated variables with
time windows ranging from 30 s to 10 min in length (28-33). Within the WCS
approach, the FIX was first developed (36), and consisted of splitting the time into
fixed-periods (e.g., 1-30 s, 31-60 s, etc.). However, quantifying WCS by ROLL is
considered more accurate, as this technique detects the exact period (e.g., 1-30s, 2—-
31 s, etc.) in which players reached the highest intensity (37, 38). For example,
Fereday et al. (178) found that the FIX method underestimates the relative total and
high-speed distances during match-play when compared to ROLL in soccer players
(178). Still, when it comes to futsal, literature is scarce about the quantification of
WCS of different matches (i.e., OFF and Non-OFF) and using different methods
(i.e,, ROLL and FIX).

Therefore, this study aimed to compare and analyze the WCS in futsal
considering: 1) OFF and Non-OFF matches; 2) calculated by two methods (i.e.,
ROLL and FIX); and 3) four different time-periods (i.e., 30 s, 1, 3, and 5 min). Due
to futsal’s characteristics (61), we hypothesized that WCS would be higher: 1) in
OFF when compared to Non-OFF matches; 2) when considering smaller (e.g., 30 s
and 1 min) rather than larger time-epochs (e.g., 3 and 5 min), and 3) when
calculated by ROLL in comparison to FIX.

8.2.  METHODS

8.2.1. Study Design

An observation longitudinal study was designed. Match-play data from 26
games (i.e., 13 OFF and 13 Non-OFF) were collected using wearable technology
(i.e., accelerometers) throughout the seasons of 2019/2020 and 2020/2021. OFF
consisted of national (e.g., LNFS; 1+t Division of Spain) or international (e.g., UEFA
Champion League) games, and Non-OFF consisted only of friendly matches.
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Consistent with the LNFS rules, games lasted 40 min divided into two 20 min
halves and separated by a 10 min break. Only on-court players (i.e., starters and
substitutes) were monitored (i.e., 12 players). The study procedures did not
influence or alter the match in any way. Four WCS time-periods (i.e., 30 s, 1, 3, and
5 min) were analyzed by the ROLL and FIX methods.

8.2.2. Participants

Twelve elite male futsal players (age: 26.7 + 3.1 years old, body mass: 73.6 +
5.4 kg, height: 1.77 +£0.04 m, body fat: 8.9 + 1.7%), competing in LNFS and the UEFA
Futsal Champions League were monitored. By signing a PRO contract with the
club, all players provided individual consent for data collection and study
participation. All procedures were approved by the Local Human Subjects Ethics

Committee and conducted according to the Declaration of Helsinki.

8.2.3. Procedures

Instrumentation: The activity profile data were collected via Catapult Sport
Optimeye S5 portable GPS units (Catapult Innovation; Melbourne, Australia)
comprising a tri-axial accelerometer, a gyroscope, and a magnetometer, which
provide data for inertial movement analysis at a sampling rate of 100 Hz. Previous
research has reported this technology to be valid and reliable (167). The devices
were fitted to the upper back of each player using a specific vest under the athletes’
jersey. To avoid potential inter-unit error, each player wore the same device
throughout the seasons (168). To represent the match-play cumulative load, data
collection was initiated when players were in the locker room after the warm-up
period, 10 min before starting the match, and concluded before the postgame
cooldown. All data were analyzed by Catapult Sport Openfield software (Catapult
Innovation; Melbourne, Australia) and exported to a custom-built Microsoft Excel
spreadsheet for further analysis. PL consists of the sum of the ACC across all axes
of the internal tri-axial accelerometer during movement (100 Hz), applying the
established formula and expressed as an au. (169). PL-min' divides the
accumulated PL by time, and provides an intensity index (170).

Rolling Average and Fixed-Periods Length: To determine the WCS, data
were extracted in each second interval for each player into a Microsoft Excel
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spreadsheet. ROLL was calculated by rolling time length of 30 s, 1, 3, and 5 min,
(e.g., 1-30s,2-231s, and so on) for the whole match, and by selecting the most
intense passage for all the players individually (coefficient of variation [CV] 30 s:
10.9%; CV 1 min: 10.4%; CV 3 min: 10.4%; CV 5 min: 11.6%). FIX was obtained by
splitting the total match into fixed-periods (e.g., 1 — 30 s, 31 — 60 s, etc.), from the
start to the end of the game (CV 30 s: 12.1%; CV 1 min: 12.2%; CV 3 min: 13.1%; CV
5 min: 13.4%). For both methods, the highest intensity for every player in four time-

windows (i.e., 30 s, 1, 3, and 5 min) was considered for analysis.

8.2.4. Statistical Analysis

The statistical analysis was performed using the Jamovi statistical package
(2020; 1.6). Data are presented as mean and standard deviation (SD). Descriptive
statistics were calculated for the types of game (i.e., OFF and Non-OFF), WCS
duration (i.e,, 30 s, 1, 3, and 5 min) and methods (i.e., ROLL and FIX). The
assumption of normality in each variable was analyzed using the Shapiro-Wilk test.
An independent T-Test was used to detect differences between WCS in OFF and
Non-OFF games. A Non-Parametric Friedman repeated-measures ANOVA was
completed to identify differences between the different WCS durations. A paired
Sample T-Test was used to analyze the differences between the ROLL and FIX
methods. Cohen’s effect sizes (ES) with 95% confidence intervals (95% CI) were
computed to determine the magnitude of every paired comparison and classified
as: trivial (<0.2), small (>0.2-0.6), moderate (>0.6-1.2), large (>1.2-2.0), and very
large (>2.0-4.0) (173). The significance level was set at p < 0.05.

8.3. RESULTS

Figure 6 depicts the WCS (considering the PL-min™) in intervals of 30 s, 1, 3
and 5 min and the differences between OFF and Non-OFF games and time-periods,
calculated by ROLL. Significantly more intense WCS were found in OFF when
considering 30 s (p =0.001; ES [95% CI] = -0.53 [-0.79 —-0.28]) and 1 min (p = 0.001;
ES [95% CI] =-0.47[-0.72 — -0.21]) intervals in comparison to Non-OFF. Conversely,
non-significant and trivial to small differences between game types were observed
when analyzing 3 min (p = 0.060; ES [95% CI] = -0.23 [-0.48 — 0.01]) and 5 min (p =
0.605; ES [95% CI] = -0.06 [-0.31 — 0.18]) epochs. Regarding the different time-
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periods, 30 s intervals yielded greater WCS than all other periods (30 s — 1 min: p =
0.001; 30 s —3 min: p=0.001; 30-s — 5 min: p =0.001), and 1 min intervals were found
to be more intense than 3 and 5 min ones (1 — 3 min: p =0.001; 1 — 5 min: p = 0.001).
Finally, significant differences were obtained when comparing 3 to 5 min intervals

(p =0.001).

Figure 6 Worst-case scenarios in official and non-official matches calculated over
rolling-averages of 30 s, 1 min, 3 min and 5 min in length.
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Values expressed as mean + SD.

*p < 0.05; significant difference between official and non-official analyzed by an Independent T-Test.
a: significantly different than the 30 s time-interval;

b: significantly different than the 1 min time-interval;

c: significantly different than 3 min time-interval.

OFF: official; Non-OFF: non-official.

Figure 7 presents the WCS (considering the PL-min') during 30 s, 1, 3, and 5
min intervals and the differences between OFF and Non-OFF games and time-
epochs, calculated by the FIX. Significantly more intense WCS were found in OFF
when considering 30 sec (p = 0.001; ES [95% CI] = -0.52 [-0.78 — -0.26]), 1 min (p =
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0.001; ES [95% CI] =-0.49 [-0.75 - -0.23]), 3 min (p = 0.001; ES [95% CI] =-0.35 [-0.60
- -0.09]), and 5 min intervals (p = 0.001; ES [95% CI] = -0.40 [-0.66 — -0.15]) in
comparison to Non-OFF. Regarding the different time-windows, 30 s presented
greater WCS than all other periods (30 s — 1 min: p = 0.001; 30 s— 3 min: p =0.001; 30
s —5 min: p =0.001) and 1 min intervals were found to be more intense than 3 and
5 min (1 -3 min: p=0.001; 1 - 5 min: p =0.001). Finally, significant differences were

obtained when comparing 3 to 5 min (p =0.001).

Figure 7 Worst-case scenarios in official and non-official matches calculated over
fixed-periods of 30 s 1 min, 3 min, and 5 min in length.

Fixed - Periods

30—
*
27+ -|—
a
*
24
-[- ab OFF
T 21+ '
g 2 ahio ZZ Non-OFF
: *
= 18-
15+
124
30-s 1-min 3-min 5-min

Values expressed as mean + SD.

*p < 0.05; significant difference between official and non-official analyzed by an Independent T-Test.
a: significantly different than the 30 s time-interval;

b: significantly different than the 1 min time-interval;

c: significantly different than 3 min time-interval.

OFF: official; Non-OFF: non-official.

Table 7 describes the differences in WCS between the two methods (i.e.,
ROLL vs FIX). Significant and trivial to moderate differences were obtained
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between the two methods considering 30 s (p = 0.001; ES = 0.98), 1 min (p = 0.001;
ES =0.97), and 3 min (p = 0.001; ES = 0.18) periods. In contrast, non-significant and

trivial differences were found for 5 min intervals (p = 0.107; ES =-0.18).

Table 7 The differences in the intensity calculated by rolling averages and fixed-
periods among time-windows.

.min-
V;]rii ::i eo ;v .I’L min’ (a.u) . Me?;o?iff pvalue  ES 95% CI
Rolling Fixed
30-s 26.1+2.84 242+293 1.77+0.12  0.001° 0.98 0.83-1.13
1-min 21.2+221 19.6 +2.39 1.70+£0.10 0.001" 0.97 0.82-1.12
3-min 162 +1.68 15.9 £2.08 047+0.10  0.001" 0.18 0.06 —0.30
5-min 14.6 £1.69 149+2.00 -0.14+011  0.107 -0.18 -0.30 —-0.05

Data presented as mean + SD; *p < 0.05; significant differences analyzed by a Paired Sample T-Test.
a.u.: arbitrary unit; CI: confidence interval; Diff: difference; ES: effect size; min: minutes; SD:

standard deviation; s: seconds.

8.4. DISCUSSION

To our knowledge, this is the first study that compared the WCS between
OFF and Non-OFF matches considering different time-periods in futsal. The main
findings indicate that 1) the ROLL approach showed that OFF matches present
higher intensity (i.e., PL-min') when short time-intervals (i.e., 30 s and 1 min) are
considered in comparison to Non-OFF; however, no differences exist between
games when analyzing large time-windows (i.e., 3 and 5 min); 2) significant
differences were observed between matches in all time-periods when using the FIX
method; 3) significantly higher WCS were determined as time-epochs increased in
duration from 30 s to 5 min irrespective of the approach used; and 4) when
compared to ROLL, FIX underestimates the WCSin 30 s, 1, and 3 min intervals but

not 5 min.

Match-play intensity during OFF competitions (e.g., LNFS and UEFA Futsal
Champions League), as determined by PL-min"' and calculated via ROLL, was
found to be higher than during Non-OFF matches when considering the time-
windows of 30 s and 1 min. This could be explained by the importance of the OFF
games, in which “winning” is the main goal, and players are more likely to engage
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in maximal intensity efforts as opposed to friendly matches that are mainly focused
on developing tactical, technical, and physical capacities (179). Comparing ACC,
DEC and metabolic power measures between OFF and friendly matches in soccer,
differences in match activities were identified as well (180). Moreover, it should be
taken into account that Non-OFF games take place mainly during Pres (ie. a
period of increased TL) compared to the OFF ones that are held during the season,
a period in which, in theory, players are closer to the peak of their performance.
Notably, no difference in WCS was found between the matches as time-windows
increased (e.g., 3 and 5 min intervals). It appears that larger time-epochs (i.e., >3
min) may obscure the most intense periods of the OFF competitions and overlook
the “actual intensity” of these matches, possibly because futsal players barely
spend >5 min on the court due to unlimited substitutions (26). In brief, WCS
calculated over longer intervals seem to be closer to the match average intensity
obtained with the “average approach”. From an applied perspective, 30 s and 1 min
intervals should be analyzed when determining the WCS, as they are the only ones
that allow discriminating between OFF and Non-OFF matches. Moreover, sports
practitioners should be conscious that athletes are exposed to high physical stress
during friendly matches but that the reached WCS are lower than those of the OFF
competitions. Still, Non-OFF should be periodized accordingly, with sufficient REC
(essentially during the preparatory phase) as match time-exposure has been shown
to cause more injuries than training time-exposure (i.e., 61.1 injuries/1.000 match

hours vs 9.9 injuries/1.000 training hours) during the Pres. (181).
Regarding the different WCS computation methods, the FIX approach

underestimated the intensity in futsal matches when compared to the ROLL in 30
s, 1, and 3 min intervals. These results are in line with previous research from
different team-sports (30, 36, 37). For example, Cunningham et al. (37) found that
the FIX method undervalued the maximum and high-speed running distance
covered irrespective of the time-window (i.e., 60 — 300 s) in rugby players. Similar
results were obtained in soccer players, with the FIX method underestimating the
relative total and high-speed distances during match-play when compared to
ROLL (178). Interestingly, no significant differences between the two methods were
found within the 5 min time-window herein. Again, this finding supports that the
utilization of large time-periods to determine the WCS is not recommended, as they

do not accurately portrait the game’s most demanding passages. The intensity
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significantly declines as time extends from 30 s to 5 min by both the FIX and ROLL
approaches. In applied settings, the WCS provide useful information for
practitioners to optimize training and rehabilitation prescription. By better
understanding the demands of the most intense periods, coaches can monitor
training drills to ensure that players are exposed to such scenarios, particularly in

technical-tactical training.

8.5.  LIMITATIONS

Whilst this is the first study that provides the WCS from an elite futsal team
(UEFA Champion League Finalist) in different types of match, it is limited by the
fact that only four WCS time-windows (i.e., 30 s, 1, 3, and 5 min) and one external
load variable (PL-min™) were considered. Furthermore, this study was limited by
the small number of players and the fact that only one team was recruited, which
leads to analyzing only specific tactical behaviors and the style of the training.
Other metrics, such as high-speed running distance or ACC/DEC, COD, and
collisions need to be considered while quantifying the WCS, as they may affect the
most intense periods of the game (182). A holistic approach to the quantification of
the WCS that incorporates a range of external and internal load variables is needed
in order to provide a better understanding of the most demanding passages during
futsal competition because WCS may occur under multivariate conditions as
mentioned above (182). Regarding future research, it would be interesting to
analyze how technical-tactical parameters can influence the WCS (182), how these
are influenced by the context of situational variables (e.g. 5 vs 4 game in the court,
home vs away advantage etc.), and the model of the game and the effectiveness of
actions in the match (183). Lastly, more research comparing the most intense
periods of match-play between youth and PRO matches to assist practitioners in

planning and optimizing long-term player development is warranted.

8.6.  CONCLUSIONS AND PRACTICAL APPLICATIONS

In line with the initial hypothesis, OFF matches presented higher WCS when
compared to Non-OFF competition, quantified by ROLL. However, through this
computation method, differences between match types were identified only when

short time-intervals (i.e., 30 s and 1 min) were used. Considering the FIX approach,
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significant differences in WCS between the OFF and Non-OFF games were found
in all time-windows. Moreover, this method significantly underestimated the WCS
from 30 s to 3 min, but not in the 5 min time-epoch compared to ROLL. Lastly,
irrespective of the computation method, 30 s intervals were found to display the
highest WCS and 5 min, the lowest.

WCS may provide coaches with useful information to optimize training and
rehabilitation practices since a better understanding of the demands of the most
intense periods of the game can be used to monitor training drills, particularly
during technical-tactical training and allow a more progressive return to
competition. From an applied perspective, based on the present data, sport
practitioners are advised to use short time-periods (i.e., 30 s and 1 min) to quantify
the WCS in futsal as these were the only ones found to be able to discriminate
between different types of matches (i.e,, OFF and Non-OFF). Conversely, larger
time-periods (i.e., 3 and 5 min) appear to obscure the “actual intensity” to which
the players are exposed. In addition, ROLL seems to be more accurate than FIX to
detect the WCS in elite futsal matches.
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IX. STUDY 5

ANALYSIS OF THE COUNTERMOVEMENT JUMP VARIABLES ACCORDING
TO COMPETITIVE LEVELS AND PLAYING POSITIONS IN FUTSAL

9.1. INTRODUCTION

Futsal is a high-intensity intermittent sport in which, during match-play,
players perform a great number of ACC, DEC, COD, and EXPL-MOV (24, 61, 133).
For example, PRO futsal players have been shown to cover ~3750 m, from which
~135 m are performed at high-intensity running velocities (> 18 km-h"), and
complete ~5 ACC and ~5 DEC per min of “court time” (24). When compared to
SEMI-PRO competition (e.g., national state team), match physical demands are
higher in PRO (e.g., international level team), with players covering a 42% greater
total distance (~4300 m vs. ~3000 m), completing a higher number of sideways or
backward movements, and total overall activities (i.e., ~470 vs. ~310) (6). For this
reason, well-developed physical capabilities play a crucial role in futsal, as they

allow players to cope with the high-intensity demands of match-play.

Regarding neuromuscular performance, several studies (50, 57, 58, 106, 107,
184) found that PRO players significantly outperform SEMI-PRO in sprint,
repeated sprint ability, standing broad jump, and COD and reactive agility tests.
Remarkably, when it comes to jumping ability, PRO players have been reported to
present similar values in CM]Jneight when compared to their SEMI-PRO counterparts
(50, 57, 58). However, CM]Jreight alone may not be sensitive enough to analyse the
neuromuscular characteristics (i.e., explosiveness, fatigue, adaptation, etc.) of an
athlete or to detect changes in the jump strategy (ECC — CON phase metrics) as a
consequence of training or competition stimuli (60, 185). Therefore, a more
comprehensive analysis of kinetic variables during the jump-land cycle in both
PRO and SEMI-PRO futsal players is warranted, particularly taking into account
that vertical force production plays a crucial role in athletic actions, such as
sprinting and COD (41).

Considering players’ positional demands, recent studies (32, 83, 186)
demonstrated that match activities vary amongst positions (i.e., D, W, and P).
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However, Caetano et al. (3) found no match demands positional differences in
terms of sprint distance, peak velocity, recovery time between consecutive sprints,
and number of sprints per minute. Interestingly, only one study (187), evaluated
jumping ability (i.e., CMJneight) amongst playing positions in futsal, and reported
non-significant differences when comparing goalkeepers, D, W, and P. Again, no
additional CMJ metrics were analysed and futsal practitioners could benefit from
a more thorough playing position-specific analysis of the neuromuscular

performance to prescribe tailor-made training programs.

To date, no studies have analyzed the differences in CM] kinetic variables
according to competition level (i.e., PRO vs. SEMI-PRO) and playing position (i.e.,
D, W, and P). Thus, the aims of this study were to: 1) compare several CM] metrics
(i.e., CMJneight, COM displacement, flight-contraction time, RSImod, and ECC and
CON duration, peak force, power, and velocity) between PRO and SEMI-PRO
futsal players; and 2) analyze the differences in the above-mentioned metrics
among playing positions (i.e., D, W, and P). According to the futsal match demands
highlighted above, we hypothesized that: 1) PRO players would present higher
performance in all CMJ metrics when compared to SEMI-PRO players; and 2) no
differences on CM] variables would be found between playing positions due to the
tactical and technical characteristics of the sport (that make players more flexible to
changing or rotating positions (188).

9.2. METHODS

9.2.1. Study Design

This retrospective study was designed to compare the CM]J kinetics metrics
between PRO and SEMI-PRO futsal players and amongst playing position. All
players were evaluated after the Prese period (i.e., September [Sep]) during the
seasons 2019-2020 and 2021-2022. CM] data were collected following a
standardized general warm-up protocol consisting of running-based activities,
dynamic stretching, and core and lower-body activation exercises, followed by a
test-specific warm-up (i.e., sub-maximal CM] attempts). All evaluations were
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completed at the same time of the day, in the same facilities and following at least
24h of rest (i.e., training day-off) to avoid any acute or residual fatigue effects.

9.2.2. Participants

Fifty-six male futsal players (age: 25.2 + 4.8 years; body mass: 74.4 + 6.4 kg)
were recruited from 4 different teams and classified as PRO or SEMI-PRO
according to their competitive level. The former group consisted of 29 players (age:
27.0 + 4.4 years; body mass: 75.4 + 6.0 kg) that competed in the 1% Division of Spain
(LNFS) whereas the latter consisted of 27 players (age: 22.7 + 4.3 years; body mass:
73.1 = 6.8 kg) competing in either the 2" Division of Spain (n = 8), or the 2" B
Division of Spain (n = 19). Furthermore, all players were separated per position as
follows: 16 D (age: 25.4 + 3.7 years; body mass: 75.2 + 6.0 kg), 26 W (age: 23.5 + 4.5
years; body mass: 72.0 + 6.9 kg), and 14 P (age: 28.0 £ 5.6 years; body mass: 77.8 +
4.3 kg). Goalkeepers were not included in this study. All the recruited players were
free from injury and completed the standard training program of their respective
team during the weeks preceding the test session. All players provided individual
consent for data collection and study participation. All procedures were approved
by the Local Ethics Committee and conducted according to the Declaration of
Helsinki.

9.2.3. Procedures

Vertical Jump Test: Players performed the CM]J test on a portable force
platform (Kistler 9286BA, Kistler Group, Winterthur, Switzerland). All data were
exported and analyzed with a specific software (ForceDecks, Vald Performance,
Brisbane, Australia). Players were required to perform a downward movement
followed by a complete, rapid extension of the lower-limbs. The depth of the
countermovement was self-selected to avoid changes in jumping coordination. The
hands were placed on the hips throughout the whole movement and athletes were
directed to jump as high as possible and land close to the take-off point. They
executed two maximal trials with 1 min rest and the mean of the two jumps was
retained for analysis. The following variables were selected: CM]Jheight, COM
displacement, flight-contraction time, RSInod, and ECC and CON duration, peak
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force, power, and velocity. A total of 64 individual CM] samples were analysed, as
some participants were assessed both seasons.

9.2.4. Statistical Analysis

The results are reported as estimated marginal means with 95% confidence
intervals. Before running linear mixed models, boxplots and histograms were used
to identify and exclude potentially influential data points. Following this analysis,
residual plots were visually inspected to determine deviations from
homoscedasticity or normality. All assumptions were met, and the normality of the
residuals was also assessed using the Kolmogorov-Smirnov test. Linear mixed
models were constructed to examine differences in CM] variables according to
competitive level and playing position, accounting for individual repeated
measures. In all linear mixed models, competitive level (two levels) and playing
position (three levels) were used as fixed effect and player as random effect with a
random intercept and fixed slope. All assumptions were met, and the normality of
the residuals was assessed using the Kolmogorov-Smirnov test. Pairwise
comparisons were performed using post-hoc tests. The t statistics from the mixed
model were converted into Cohen’s d effect sizes and associated 95% confidence
intervals. Effect sizes were interpreted as follows: <0.2, trivial; 0.20-0.59, small;
0.60-1.19, moderate; 1.2-1.99, large; and >2.0, very large (189). An alpha level of p
< 0.05 was set a priori for statistical significance. All tests used in this study
displayed high levels of absolute and relative reliability (i.e., intraclass correlation
coefficients [ICC] >0.90 and CV <10%). All data were analysed using a statistical
package (Jamovi, version 1.8, 2021).

9.3. RESULTS

Descriptive data and statistical analyses for CM] kinetic variables according
to competitive level are presented in Table 8. PRO players displayed greater COM
displacement (p = 0.002, ES = 0.83, moderate), higher ECC absolute (p = 0.019, ES =
0.61, moderate) and relative peak power (p = 0.046, ES = 0.52, small), and greater
ECC peak velocities (p =0.004, ES = 0.76, moderate) when compared to SEMI-PRO.
Non-significant and trivial-to-small differences were observed in all other CM]

variables (ECC and CON phase) according to the competitive level.
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Notes/Abbreviations: ABS: absolute; CI: Confidence Interval; COM: center of mass; Dec: deceleration;

ES: effect size; EMMeans: estimated marginal means; REL: relative; RSImod: reactive strength index
modified.
Bolded p value indicates statistically significant difference (P < 0.05).

Descriptive data and statistical analyses for CM] kinetic metrics according to
playing position are presented in Table 9. No statistically significant differences (p
> 0.05, ES ranging from 0.00 to 0.51, trivial-to-small) were observed in any of the

CM] variables when comparing among positions.
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9.4. DISCUSSION

The present study is the first comparing the CM] kinetic metrics between
PRO and SEMI-PRO futsal players and examining the differences among playing
positions (i.e., D, W, and P). The main findings were that: 1) PRO players displayed
superior ECC capabilities, performing a higher COM displacement, generating
greater absolute and relative peak power, and achieving greater peak velocities
during the ECC phase when compared to SEMI-PRO players; and 2) non-
significant differences were found in any CM]J variables when considering playing

positions.

Regarding jumping ability between competition levels, previous studies
(50, 57) that PRO players presented similar CM]Jneight values when compared to
SEMI-PRO players, which is in line with the results obtained herein. This implies
that CMJneight alone may not be the most suitable metric to discriminate players of
superior competitive level or to be used for talent identification purposes.
Conversely, when conducting a more comprehensive analysis of the kinetic
variables during the jump-land cycle, PRO players displayed superior outcomes in
several metrics of the ECC (i.e., downward) phase (i.e., COM displacement, ECC
absolute and relative peak power, and ECC peak velocity) than their lower-level
counterparts. This difference could be explained, at least in part, by the higher
number of matches and training sessions that PRO players are exposed to (i.e., ~50
vs ~30 games per competitive season and ~6 vs ~3 training sessions per week) when
compared to SEMI-PRO. It is important to highlight that PRO players must cope
with higher physical match-demands and had more years of experience
performing specific movement patterns of the sport, thus, potentially developing
superior ECC capabilities, stretch-shortening cycle mechanisms and muscle-
tendon properties compared to lower-level players (40, 66). Furthermore, it is
noteworthy reporting that the observed differences according to the competitive
level seem to be related to the ability to produce higher levels of forces on shorter
time frames. Accordingly, despite no differences were observed in peak forces
(both absolute and relative) between PRO and SEMI-PRO players, the former
group was characterized by greater levels of power (both absolute and relative) and
greater peak velocities during the ECC phase. These abilities may play a key role
during the futsal specific movements and contribute to be more efficient during the
match-play from a physical point of view. From an applied perspective, the present
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results suggest that: 1) futsal players may benefit from performing ECC-based and
plyometric exercises, thus producing high levels of force within short time periods
during the training sessions; and 2) a more comprehensive analysis of CM]J is
recommended to evaluate and compare players from different competitive levels.

When comparing vertical jump ability amongst playing positions (i.e., D,
W, and P), non-significant trivial-to-small differences were found in all CMJ
metrics, which suggests that vertical jump seems not to differentiate players from
different positions. These results support a previous study (187), that compared the
CMJ height among goalkeepers, D, W, and P, and expand current knowledge by
reporting no differences in a multitude of complementary jump-land variables. To
some extent, the similar performances observed in all CM] metrics among on-court
players could be explained by the fact that, in futsal, playing positions are not as
clearly define as in other indoor sports (e.g., basketball (190) or handball (191)). In
fact, in futsal, tactical behaviours usually require players to adopt multiple playing
positions during the same match (depending on the strategic plan of the team)
which contributes to players having more similar physical performance profiles
(188). Future studies should further investigate which are the most key
determinants factors (e.g., technical-tactical, physical, and anthropometrical

characteristics) for player’s position in futsal.

9.5. LIMITATIONS

This study is limited by the fact that CM]J data were collected only at the
end of the Pres« period (i.e., Sep), which does not allow us to conclude whether
similar results would be obtained during the most crucial moments of the season
(i.e., Ins). Moreover, when dividing the sample into playing position, a small
sample size was analysed in each group, which may have precluded us from
identifying clear between-group differences. Lastly, all the subjects competed in
Spain and the results of this study should not be expand to other populations.
Future research should incorporate more physical assessments, such as sprint,
COD, isometric mid-tight pull, and strength deficit calculations to better
characterize PRO and SEMI-PRO players’ neuromuscular performance.
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9.6. CONCLUSIONS AND PRACTICAL APPLICATIONS

In conclusion, PRO players presented some superior ECC capacity, as seen
by the deeper COM displacement, the greater absolute and relative ECC peak
power, and the highest ECC peak velocity when compared to SEMI-PRO players.
By contrast, no significant differences were observed in any other CMJ variable.
Lastly, non-significant differences were found amongst playing positions (i.e., D,

W, and P) in futsal players, irrespective of the competitive level.

From an applied perspective, based on the present results, futsal S&Cc are
advised to incorporate plyometric and ECC-overload exercises during the training
sessions, as ECC capabilities during vertical jump seem to discriminate between
PRO and SEMI-PRO players. In addition, a more thorough analysis of the CM] is
recommended as neuromuscular changes that may exist, might not be expressed
by CM]Jreight alone. Finally, players’ position should not be defined taking into

consideration the CMJs variables in futsal.
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X. STUDY 6

CHANGES IN NEUROMUSCULAR PERFORMANCE DURING PRE AND
EARLY COMPETITIVE SEASON IN ELITE FUTSAL PLAYERS

10.1. INTRODUCTION

Players’ physical capacities (i.e., muscular strength and power, speed,
agility, aerobic and anaerobic fitness) play an important role in futsal match-play
(61). This team-sport is intermittent by nature and is characterized by alternating
low- to high- intensity actions, and by the large number of ACC, DEC, and COD
(24, 133). In addition, the total training and match-play stress imposed on futsal
players, may vary during different periods of the season (17). For this reason,
monitoring training and competition loads, and players’ performance is common

practice as reported by most practitioners in this sport (192).

Due to the long (and periodically match-congested) season in futsal,
regularly assessing players’ physical capacities is important as it allows coaches
and sport scientists to make more informed decisions about specific training and
REC needs. In this context, Ribeiro et al. (42) recommended that vertical jump
testing (i.e., CM]J) should be conducted as it may help understand players’
neuromuscular readiness to compete which has implications for their match
performance and, consequently, for the final team result. However, it is important
to consider that CMJneight may not be sensitive enough to detect changes in stretch-
shortening cycle performance or the contractile system function since evidence
indicates that athletes may change their movement strategy to maintain (or even
increase) jump height (40, 66, 67, 69). For example, in elite futsal players, Spyrou et
al. (69) found that after a prolonged period of reduced training CMJheight was not
impaired, but specific Ecc and landing phase metrics were significantly altered.
Therefore, a more comprehensive kinetic analysis of the CM] force-time curve and
its derivative impulse, power, velocity, displacement metrics could enhance the
detection of positive or negative changes in athlete neuromuscular performance

(60). Nevertheless, evidence describing how these CM] metrics fluctuate across and
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within different phases of the season (e.g., Prese versus Inse) is still scarce and thus,

more research on this topic is warranted.

On the other hand, studies (67, 70, 193, 194) from different team-sports have
demonstrated that neuromuscular performance, such as sprinting and jumping
ability, tends to be maintained or decrease Inse when compared to post Pres. but few
investigations have specifically evaluated this in futsal players (48, 52, 75, 77, 195).
For instance, Oliveira et al. (77) observed that repeated sprint ability was
maintained from post Pres. to the middle of the Ins. Another study, in a sample of
Brazilian futsal players noted improved performance in the Yo-Yo Intermittent
Recovery Level 2 and squat jump tests following a 4-week Pres period (52).
However, the potential variation in a range of CM] metrics during Pres. and early

Inse has not been studied in elite futsal players.

The present study aimed to investigate the fluctuations in neuromuscular
performance (i.e., sprinting and jumping ability) across the initial 10 weeks of the
season (including Pre« and Ins) in a sample of elite futsal players. It was
hypothesized that performance would increase during Pres. and then, due to the
demands of competition, be maintained or slightly decrease during the early Ins.

period.

10.2. METHODS

10.2.1. Study Design

This descriptive study was designed to assess the neuromuscular
performance fluctuations (i.e., sprint time and CM] jump-landing metrics) of PRO
male futsal players. The participants competed on LNFS (1st Division of Spain),
during the season 2019-2020. The testing procedures were carried out at the
beginning of Prese (July 30%), post Pres. (Sep 10"), and after the first month of the
competitive season (Inse) (October [Oct] 14™) (Figure 1). The players completed the
same standardized general warm-up protocol consisting of running-based
activities, dynamic stretching, and core and lower-body activation exercises,
followed by a test-specific warm-up (i.e., two sub-maximal attempts in all tested
exercises). All evaluations were completed in the team’s facilities and performed

following the same order (vertical jump and then sprint test). Each trial was
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separated by a 1 min rest interval, and 3 min were allowed between tests. The Pres.
evaluation was performed in the morning, at the beginning of the team’s 1+t training
session (after off-season period), and all the other assessments were conducted in
the morning after a REC session day (i.e., Match Day +3) in order to minimize the
potential influence of acute or residual fatigue induced by match-play on

performance.

Figure 8 Representation of the study design.
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10.2.2. Participants

Eleven players (age: 28.0 + 5.7 years old, body mass: 73.9 + 8.0 kg, height:
1.79 + 0.06 m) from a PRO futsal team participated in this study. Athletes who did
not complete all the assessments due to injuries were not included in the analysis.
By signing a PRO contract with the club, all players provided individual consent
for data collection and study participation. All procedures were approved by the

Local Ethics Committee and conducted according to the Declaration of Helsinki.

10.2.3. Procedures

Vertical Jump Test: Athletes performed a CM]J test on a portable force
platform (Kistler 9286BA, Kistler Group, Winterthur, Switzerland). All data was
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exported and analyzed with proprietary software (ForceDecks, Vald Performance,

Brisbane, Australia). Athletes were instructed to place hands on the hips and
perform a rapid downward movement followed by a rapid extension of the lower-
limbs and to jump as high as possible and land on the platform. No other
instructions were given regarding landing technique or and countermovement
depth — which was self-selected. Players performed two maximal trials with 1 min
rest (ICC: = 0.87, CV: = 6.5%). The CMJheignt was derived from impulse-momentum
equation (196), and the following additional CM] jump-landing variables were
analyzed: (RSImod), ECC and CON power, force, velocity, duration, ECC Dec RFD,
COM displacement, and landing peak force. The mean data of the two jumps used

for analysis to reduce the random error (197).

Sprint Test: Two pairs of photocells (WITTY System, Microgate, Bolzano,
Italy), were positioned at the starting line and at 10 m. Players started from a
standing position, 0.3 m behind the starting line and, when ready (without an
investigator’s signal), performed a maximal all-out linear sprint effort twice, with
a 1 min rest (ICC = 0.85, CV: = 2.4%). The fastest time was considered for analysis.
All athletes performed the test using the regular futsal shoes.....

10.2.4. Statistical Analysis

Data are presented as mean + standard deviation. Statistical analysis was
performed using a statistical package (Jamovi, 2020; Version 1.8). One-way
repeated measures ANOVA was used with Post-hoc pairwise comparisons
conducted. Cohen’s ESs with 95% CI were computed to determine the magnitude
of every paired comparison and classified as: trivial (<0.2), small (>0.2-0.6),
moderate (>0.6-1.2), large (>1.2-2.0), and very large (>2.0-4.0) (173). Significance
level was set at p <0.05.

10.3. RESULTS

Table 1 depicts the data for the CM]J kinetic variables analyzed. Significant
and moderate-large increases were found in RSImea (p = 0.011; ES = 0.60),
particularly, when comparing Pres. to post Pres. (p = 0.005; ES =1.26; 95% CI = 0.44-
2.05). Considering the downward (“ECC”) phase, a significant and moderately
higher peak force (p =0.011; ES = 0.65) was found post Prese when compared to Prese
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(p=0.039; ES = 0.87; 95% CI = 0.15-1.55). Dec RFD (p = 0.008; ES = 0.60) significantly
increased from Pres. to post Pres (p = 0.044; ES = 0.84; 95% CI = 0.13-1.52) and Inse
(p = 0.019; ES = 0.99; 95% CI = 0.25-1.71). ECC duration (p = 0.04; ES = 0.89)
significantly decreased when comparing Ins. to Pres. (p =0.009; ES =-1.13; 95% CI =
-1.89- -0.35).

In the upward (“CON”) phase, a significant and moderately higher peak
force (p = 0.030; ES = 0.45) was found post Prese when compared to Pres. (p = 0.033;
ES =0.90; 95% CI = 0.18-1.59). A significant time effect was found for landing peak
force (p = 0.012; ES = 0.68); however, non-significant and small-moderate changes
were detected within periods. Non-significant and small-trivial changes were

observed in all other analyzed variables.

Figure 2 presents the group and individual data for sprint performance
across the first 10 weeks of the season. A significant time interaction was found for
sprint time (p = 0.038; ES = 0.58); however, non-significant and small-moderate
changes were detected in sprint time when comparing Pres to post Pres (p = 0.177;
ES =-0.58; 95% CI = -1.21-0.06), and Ins (p = 0.821; ES = 0.18; 95% CI = -0.41-0.77),
and post Prese to Inse (p =0.073; ES = 0.75; 95% CI = 0.06-1.41).

Figure 9 Sprint time data between the different phases of the season.

Sprint

2.0

1 —
@ : ?:E;f i_A__—

. :-8-- .
: o

158

oDl 1 1 1 1 1

L) L} L}
Pre-Season PostPre-Season In-Season



KONSTANTINOS SPYROU

154

Xapu] y33uang aAnoedy ISy Juswrdoraasp 32107 JO 33er (1Y 9ZIS 109139 :GH ‘UOeId[DI(] D3(] ‘SSeW JO I9JUD [NOD ‘[eAISIUT SDUSPIFU0D D)

“VAONY sainsea[y pajeaday] Aepy-auQ Aq pazAeue seouaiagyrp juedyrulis ‘G0 0> d,

"UOTJTIASD PIePUR)S F ULaW Sk pajuasald sanjep

080 L300 1371 9ES0 080 9500 100 6SLIF6889  €ORTFILEL  9SLIFOLLS N o) £ Lo |
3SYHd ONIANYT
90" 1780 wo $800 reo FIS0 1810 rTEut =0T P9 =17 T wopvIug
€00 660 1o 6580 610 66L°0 T80 STO=18T Lro=u8t rIo=08T s/ Apop A g
90 o 1o 6880 060 #5000 | «0£0°0 FITF 5681 ST+ 0761 81T+ 1081 N N0 ¥4
850 810 L{aro LT80 50 r81o £900 655 = 050F s19=L10% 09 = 1L8¢ A 4304 yeIg
3ASVHJ (@¥VAN.) ONINIONOD
60 9LT0 sL'0 900 800" 0960 $L00 §EF60L §T=Iee TEF8TE w Jwdeds| 1NOD
T +600°0 890" 01’0 w0 LET0 5000 IF+rsr 6F ¥ 6LF 19+L0s sm wopsIng
660 +610°0 000 0001 80 P00 | #8000  T9STFOBLL  OISTFSLLL  OSFIFO0E19 SN an»a
oo 990 ro L0E0 90 £Io Loro LIo=Iet Lro=setr 8TO=STT s Apop | ye3g
£L0 800 o 9680 L8°0 #6800 | <1100 8T+ £581 LT+ LS FEEF 6991 N R0 yuad
§TO 1390 9t0° 60 990 oTro 8510 ETE= 071 SLE=9¥CT 455237 A danod yead
ISVHA (LOIVANMOG) DININIDDI
690 010 000 0001 9Tl #5000 | <110°0  LOOF#S0 6007150 OU0F6r0 9w Lt |
£0°0° 660 610 9080 $10 198°0 0£8°0 TPFILE TS=8LE CrFeie u D
s3 d AX | a 53 d
HOSDIS-U] HOSDAS-U] UOSDAS-2A] 3504 mpa d uosvag-u[ .s..“.uw d NOSDIS-Md )] sopqoLv g
53 uOSDIS-24d §3 MOSDIS-2id 350 54 UOSDIS-2id

‘sporrad juaiaprp 3s3uowre safqerrea ogaun] dwmn( jusursaouwrsiunod jo uondunssa( * 01 d[qel



CHAPTER X. STUDY 6 155

10.4. DISCUSSION

The purpose of this study was to investigate potential changes in
neuromuscular performance in elite futsal players during the first 10 weeks of the
season (i.e., Pres« and early Ins). The main findings were that: 1) jump height did
not change during the Pres. and in the early competition season; 2) improvements
in specific CMJ kinetic variables (i.e., RSImod, ECC peak force, ECC Dec RFD and
CON peak force) were observed post Pres which indicated an enhanced
neuromuscular status; 3) positive changes were also found in ECC Dec RFD and
ECC duration when comparing Ins to Pres; and 4) a significant time interaction
was found in sprint time (that improved post Pres. and deteriorated in the early
competitive season; however, changes between periods were small and non-
significant.

Regarding vertical jump performance, several CMJ metrics (i.e., RSImod, ECC
peak force, ECC Dec RFD, ECC duration, and CON peak force) improved from
Pres. to early competitive season (Ins). Of note, jump height was not altered during
the first 10 weeks of the season while specific CM] metrics significantly changed
post Prese and Inse. Similar results have been observed in other team-sports in the
sense that meaningful alterations in jump height were not detected in response to
loading or unloading, whereas a more thorough kinetic analysis of the CM]
revealed significant changes in neuromuscular function (40, 66-69, 198). For
example, in elite rugby players Lonergan et al (198) noted significant
improvements in a number of CM] variables such as CON duration,
countermovement depth, CON impulse-100ms, CON RFD, ECC Dec RFD, RSImod,
and flight time-contraction time (FT-CT) comparing the start and the end of the
season. Regarding the current study, in the early Ins period, further but non-
significant improvements were noted in ECC Dec RFD, ECC and CON duration,
COM displacement. These results provide additional evidence that specific CM]
kinetic variables may be more sensitive than CM]Jheight to detect changes in stretch-
shortening musculotendinous or neuromuscular function. Furthermore, it is
important to note that, across the two phases, the kinetic or “strategy” variables do
not all follow the same pattern with respect to the magnitude and timing of change.
For example, there was a significant large RSImod improvement during Pres., but the

variable was stable during the early Ins. period. In contrast, ECC duration showed
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small to moderate improvements across both phases with these changes only

achieving significance (relative to Pres) in the Ins. assessment. This highlights the
potential value of examining the component durations of a composite
variable/indexes such as RSImos when monitoring short-term chronic adaptations.
The “uncoupling” of trends across variables might also reflect a differential time
course of response to loading and dissimilar loading patterns during Pres. versus
Inse. Cohen et al (66) previously noted such a pattern with respect to detraining,
whereby differing durations and type of chronic unloading were associated with
divergent profiles of change in CM] kinetics. A thorough kinetic analysis of the
CM] might, therefore, provide sport practitioners with valuable information
regarding athlete status and adaptations that may not manifest in jump height. It
is also important to be aware that kinetic variables may differ in their response and
sensitivity to loading, warranting exploration of trends within their sport and
athlete cohort.

While the overall time interaction for sprint performance was significant,
non-significant changes were detected when comparing the different phases.
Specifically, players were faster after the Pres. but performance deteriorated during
early Ins., which aligns with previous studies (77, 194, 199, 200). For example, Arcos
et al. (199) found non-significant improvements in ACC (5 m) and sprint (15 m)
time Ins compared to Pres in soccer players. A study in male PRO players found a
negative effect of a 9-week Prese conditioning program on sprint performance (200).
Conversely, also in PRO soccer players, Fessi et al. (193) reported significantly
faster sprinting times post Prese when compared to both Pres and Ins. These
inconsistencies could be explained by the different training programs carried out
(the specifics of which were not described in these studies), the players” profiles,
such as chronological and training age or the competitive level, game congestion,
and timing of tests relative to the game or TL. The present results suggest, from an
applied perspective, that S&Cc should frequently assess sprint capacity within the
training sessions (using automatic timing systems) to facilitate the prescription of

tailored-made training programs, with adequate sprint exposure and REC.

10.5. LIMITATIONS

This study is limited by its small sample size. Nevertheless, it is important

to note that futsal teams are composed of 12 to 14 athletes, from which 11 (>80% of
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the team’s players) were tested on three occasions during the first 10 weeks of the
season (contemplating the Pres, post Pres, and Ins). Moreover, players’ total
training and match load, an important determinant of neuromuscular status, were

not recorded during the 10-week period.

10.6. CONCLUSIONS AND PRACTICAL APPLICATIONS

In summary, the present study adds to the body of evidence demonstrating
that while CMJheight may not change, longitudinally positive or negative alterations
in neuromuscular performance may be detected by monitoring phase-specific CM]
kinetics. Changes in RSImod, ECC peak force, Dec RFD, and duration, indicative of
positive adaptations to Pres. training, were observed in elite futsal players during
the first 10 weeks of the season. Other CM] metrics such as ECC peak power and
velocity, COM displacement, CON peak power, velocity, and duration, and
landing peak force showed small positive but non-significant changes across the
studied periods. Regarding sprint performance, a significant time interaction was
found in sprint time but the post-hoc analysis was unable to decipher meaningful
differences between the phases of the season as changes were small and non-
significant.

Based on the current data, S&Cc should implement a thorough analysis of
the players” CM]J kinetics, as neuromuscular adaptations that may occur, might not
be expressed by changes in CM]Jhneight. Metrics, such as RSInod, ECC and CON peak
force, ECC duration, and Dec RFD may be more sensitive to neuromuscular chronic
adaptations of futsal players to on- and off-court training, and competition. Finally,
sport practitioners are advised to use a broad speed-power assessment during
season to evaluate player’s physical adaptations and adjust the training session

accordingly.
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XI. STUDY 7

NEUROMUSCULAR PERFORMANCE CHANGES IN ELITE FUTSAL PLAYERS
OVER A COMPETITIVE SEASON

11.1. INTRODUCTION

Futsal is a high-intensity intermittent indoor sport, with high physical,
technical, and tactical demands (17, 61). The typical competitive season consists of
~50 regular matches including national (i.e., League and Cup) and international
(i.e., European club tournaments and National Team) competitions over a span of
~7.5 months, with a frequency of 1 to 3 games per week. During a single match,
futsal players cover a total distance of ~4000 m, of which ~675 m are spent running
(12 - 18 km-h') and ~130 m sprinting (>18 km-h'), perform ~70 high intensity ACC
and DEC and complete ~170 COD actions (24, 133). In addition, they usually
complete daily or twice-a-day sessions for games’ preparation, covering as much
as ~10 km (on average) at high and very-high intensities during a typical weekly
microcycle (62). Thus, a PRO futsal season imposes a large physiological and
mechanical stress on athletes (17, 61). For this reason, training and competition
loads can lead to not only acute neuromuscular fatigue (i.e., failure of the
musculoskeletal system to maintain the required force or power output) (63), but
also residual (i.e., 24 — 72 h following exercise (64)), and potentially chronic fatigue
(i.e., overtraining syndrome) (65), throughout the season, if appropriate individual
tailor-made training programs (e.g., adjusting REC times or limiting on-court

weekly distance) are not considered.

Neuromuscular performance monitoring (i.e., through jump, sprint testing,
etc.) is often used as a practical tool to periodically evaluate the response to the
training and competition stress that team-sport athletes are exposed to across the
season (39, 40). For example, decreases in CM] performance (i.e., jump height) have
been observed after soccer and rugby league matches (201, 202). However, a
number of studies (66-68) have shown that a more comprehensive analysis of
kinetic variables during the jump-land cycle is needed to detect neuromuscular

impairments associated with acute or residual fatigue, permitted when the test is
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performed with force platforms. Similarly, adaptive responses following periods
of training (40, 59) or detraining (66, 69) may require a thorough analysis of selected
CM] metrics to identify alterations in neuromuscular status during the season that

are not detected by monitoring jump height alone.

Several investigations (67, 68, 70-74) have examined neuromuscular
performance at several timepoints during the sports season and shown that,
overall, physical abilities tend to be maintained or decrease across the season. Legg
et al. (72) detected trivial declines (effect size [ES] = -0.18) in CM] performance and
jump-land cycle during the competitive period in elite female basketball players.
Nonetheless, there is also evidence demonstrating that physical capacities can be
enhanced during the competitive period in team-sports (203). For example,
Gonzalez et al. (203) observed, in a sample of elite basketball players, that starters
improved vertical jump power, quickness, and reaction time 17.15%, 0.29%, and
5.66% more, respectively, than non-starters during the season. The variability in
findings across these studies may be attributed to differences in the characteristics
or demands of the sport, the level of the competition, the congestion of the
competitive calendar (i.e., different number of matches per week), age (e.g. youth-
amateur vs experienced) or contextual factors (e.g., player role: starters vs non-
starters) (67, 68, 74, 203). Regarding futsal, few studies (75-77) have investigated
potential changes in physical capacities across the season. Particularly, in PRO
futsal players, the influence of training and competition stress on sprint, horizontal
and vertical jump performance and on CM] kinetic variables (assessed multiple

times across the competitive period) has not been examined.

Based on the above considerations, the aim of this study was to examine
potential changes in speed-power related outputs (i.e., sprint speed, SLJ distance
and vertical jump height) and CM] kinetic variables (derived from the ECC, CON,
and landing phases) across the season in elite futsal players. Due to the prolonged
and congested schedule in PRO futsal, we hypothesized that performance across
all metrics would decline as the season progressed.
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11.2.1. Study Design

This longitudinal study was designed to track the neuromuscular
performance (i.e., sprint time, CM]J kinetic variables, and SL] distance) of elite male
futsal players. The participants competed on LNFS (1st Division of Spain) and
UEFA Futsal Champion League over the 2019-2020 season, which spanned from
August to March due to the COVID-19 restrictions imposed in Spain. The testing
procedures were performed regularly during the season, at four time-points (i.e.,
Sep, Oct, December [Dece] and January [Jan]) (Figure 10). In each session, all
players completed the same standardized general warm-up protocol consisting of
running-based activities, dynamic stretching, and core and lower-body activation
exercises, followed by a test-specific warm-up (i.e., sub-maximal attempts in all
tested exercises). The regular and congested weekly in-season training and game
schedule is presented in Table 11. The evaluations were completed in the team'’s
facilities during regular weeks (i.e., one game per week), three days after a match,
in the following order: vertical and SLJ jump and sprint test. Each trial was
separated by a 1 min rest interval, and 3 min were allowed between successive

tests.

Figure 10 Representation of the study design.
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Table 11 Typically normal and congested weekly schedule during the competitive
period.

Normal Week (1 Game)

Day 1 2 3 4 5 6 7
Power- Power-
AM Strength Strength
i i Tec-Tact Tec-Tact Tec-Tact
Recovery ~ Iraining  Training Tfaciniic TeC' ac TeC' A Game
g raining raining
PM Tec-Tact Tec-Tact
Training Training
Congested Week (>2 Games)
Day 1 2 3 4 5 6 7
Power-
AM  Strength
Training  Tec-Tact Tec-Tact  Tec-Tact
.. Game Recovery .. .. Game
Training Training  Training
Tec-Tact
PM .
Training

Tac: Tactical training; Tec: technical training.

11.2.2. Participants

Twelve players (age: 26.7 £ 3.1 years old, body mass: 76.7 + 6.3 kg, height: 1.79
+0.06 m, body fat: 9.9 + 1.2%) from an elite futsal team volunteered to take part in
the study. Athletes who did not complete more than one assessment due to injury
(i.e., as determined by the team’s medical team that was responsible for the
evaluation and recording of injuries according to the consensus statement of
injuries in soccer (204), previously used in futsal (181)) were not included in the
analysis. Two players did not meet these inclusion criteria; hence, 10 players were
finally included in the study. By signing a PRO contract with the club, all players
provided individual consent for data collection and study participation. All
procedures were approved by the Ethics Committee of the Catholic University of
Murcia (UCAM) and were conducted according to the Declaration of Helsinki.
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11.2.3. Procedures

Sprint Test: Two pairs of photocells (WITTY System, Microgate, Bolzano,
Italy), were positioned at the starting line and at 10-m. Players started from a
staggered position, 0.3-m behind the starting line and performed a maximal all-out
linear sprint twice, with a 1-min rest (ICC = 0.71, CV: = 4.5%). The fastest time was
considered for analysis. All athletes performed the test on a wooden surface using

regular futsal shoes.

Horizontal Jump Test: Athletes performed a SLJ, positioning their feet
shoulder-width apart behind the starting line and the arms at the side of the body.
A countermovement with arm swing was allowed before jumping. They were
instructed to jump as far as possible, in the horizontal direction, and the longest
distance was recorded for analysis. Players performed a maximal effort three times
with a 1-min rest (ICC:=0.92, CV:=3.8%). Athletes were required to land with both
feet simultaneously and, in case they fell forward or backward or touched the
ground with one hand, the trial was considered invalid and repeated. The distance
between the starting point and the heel of the rear foot measured by a tape to the

nearest 1 cm was considered.

Vertical Jump Test: Athletes performed a CM]J on a portable force platform
(Kistler 9286BA Kistler Group, Winterthur, Switzerland). Data were exported, and
analyzed using proprietary software (Python v.3.8.3). Athletes were required to
perform a downward movement followed by a complete, rapid extension of the
lower-limbs. The depth of the countermovement was self-selected to avoid changes
in jumping coordination. The hands were placed on the hips throughout the whole
movement and athletes were directed to jump as high as possible and land close to
the take-off point. They executed three maximal trials with 1-min rest between each
(ICC:=0.97, CV: =5.9%). Jump height and multiple kinetic variables (i.e., ECC and
CON peak power and velocity, duration, COM displacement, landing peak force,
and RFD to peak force) from the best jump trial (according to the highest jump
height) were retained for analysis.

11.2.4. Statistical Analysis

Data are presented as means + standard deviations (SD). Statistical analysis
was performed using a statistical package (Jamovi, 2020; Version 1.8). One-way
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repeated measures ANOVA was used, and Post-hoc pairwise comparisons
conducted. Cohen’s ESs with 95% confidence intervals (95% CI) were computed to
determine the magnitude of every paired comparison and classified as: trivial
(<0.2), small (>0.2-0.6), moderate (>0.6-1.2), large (>1.2-2.0), and very large (>2.0-4.0)
(173). Significance level was set at p < 0.05.

11.3. RESULTS

Figure 11 displays the group and individual data for sprint performance
during the competitive period. A non-significant but moderate time effect was
observed (p = 0.155; ES = 1.03). Specifically, the following results were found when
comparing consecutive measurements: Sep — Oct (p = 0.240; mean difference
[Difmean] = 3.9%; ES = 0.81; 95% CI: [0.07 — 1.52]), Oct — Dec (p = 1.00; Difmean = -1.1%;
ES =-0.18; 95% CI: [-0.83 — 0.47]), Dec — Jan (p = 0.933; Difmean = 2.2%; ES = 0.20; 95%
CI: [-0.50 — 0.90]), Sep — Jan (p = 0.081; Difmean =4.7%; ES = 1.05; 95%ClI: [0.20 — 1.85]).

Figure 11 Sprint time data during the season. Bars represent mean values, and
symbols and lines represent individual changes.

Sprint

0 T T
Sep Oct Dec Jan

Dec: December; Jan: January; Oct: October; Sep: September
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Figure 12 presents the group and individual data for vertical and SL]J
performance, and Table 12 depicts the data for selected CM]J kinetic variables.
Regarding SL] distance, a non-significant but moderate time effect was detected (p
= 0.164; ES = 1.03). In detail, the following results were obtained: Sep — Oct (p =
0.518; Difmean = -2.2%; ES = -0.36; 95% CI: [-0.99 — 0.28]), Oct — Dec (p = 0.856; Difmean
= 0.6%; ES = 0.14; 95% CI: [-0.51 - 0.79]), Dec — Jan (p = 0.463; Difmean = -2.3%; ES = -
0.54; 95% CI: [-1.27 — 0.21]), and Sep —Jan (p = 0.376; Difmean =-3.9%; ES = -0.54; 95%
CI: [-1.23 - 0.17]).

Considering vertical jump, a significant difference was found only in CON
peak power (p = 0.040; ES = 1.24), when comparing Sep to Oct (p = 0.013; Difmean -
3.1%; ES =-1.26; 95% CI: [-2.09 — -0.40]). Moreover, a non-significant and moderate
time effect was found for jump height (p = 0.175; ES = 1.00). Specifically, pairwise
comparisons displayed the following results: Sep — Oct (p = 0.300; Difmean = -3.6%;
ES =-0.72; 95% CI: [-1.40 — -0.00]), Oct — Dec (p = 0.595; Difmean = 2.6%; ES = 0.53;
95% CI: [-0.17 — 1.22]), Dec — Jan (p = 0.503; Difmean = -3.5%; ES =-0.51; 95% CI: [-1.24
—0.23]), and Sep - Jan (p = 0.479; Difmean = -5.1%; ES = -0.48; 95% CI: [-1.17 — 0.21]).
In the rest of the analyzed variables during CMJ CON (“upward”) phase, no
significant changes were observed (peak velocity: p = 0.142; ES = 1.06; duration: p =
0.938; ES = 0.20). In the ECC (“downward”) phase, non-significant trivial to
moderate decreases were observed in peak power (p = 0.529; ES = 0.78), peak
velocity (p=0.238; ES=0.90), duration (p = 0.316; ES =0.84) and COM displacement
(p=0.554; ES = 0.62). In the landing phase, there were non-significant and small to
moderate changes in peak force (p = 0.188; ES = 1.00) and RFD to peak force (p =
0.681; ES = 0.50).
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Figure 12 A) Standing long jump distance data. Bars represent mean values, and
symbols and lines represent individual changes. B) Vertical jump height data. Bars
represent mean values, and symbols and lines represent individual changes.
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11.4. DISCUSSION

The purpose of this study was to examine potential fluctuations in
neuromuscular performance (i.e., sprint time, vertical jump height and selected
kinetic variables, and SL] distance) across the season in elite futsal players. Our
main findings were: 1) physical abilities (i.e., sprint time, SLJ distance, and vertical
jump height) displayed non-significant but gradual declines throughout the
competitive period; 2) CON peak power was the only CM] kinetic variable that
decreased significantly; and 3) all other CM] metrics considering the three phases
(i.e.,, ECC, CON, and landing) showed non-significant small-to-moderate changes.

It appears that elite futsal players were not able to improve their sprinting
ability throughout the competitive period (they sustained a gradual non-significant
decline), aligning with previous findings in team-sports athletes (77, 194, 199). For
instance, Oliveira et al. (77) observed that repeated sprint ability was maintained
during in-season in elite Brazilian futsal players. In another study, Haugen et al.
(194) found that sprint performance was superior at the off-season compared to in-
season and Pres. This phenomenon could be related to the concurrent training
effect between power and endurance adaptations across the season, as well as the
insufficient REC during congested periods (194, 205). From an applied standpoint,
it is important to note that in the present study, despite not achieving statistical
significance, sprint times were ~5% (ES = 1.05) higher (i.e., indicating lower
performance) in Jan when compared to Sep, suggestive of a gradual decrease in
maximal sprinting ability across the season. Periodic assessment of this quality
during the competitive period could identify potential neuromuscular
performance impairments, allowing individualized power-speed oriented training
prescription according to a player’s competition and training cumulative load and

response thereof.

Moderate but non-significant decrements in jumping ability were observed
throughout the season. Mean CMJreight, and SL]J distance values were, on average,
5.1% (ES = -0.48) and 3.9% (ES = -0.54) lower, respectively, in Jan when compared
to Sep aligning with findings in other studies in team-sports (68, 70, 72, 74). For
example, Kipp et al. (68) observed that while team-average jump height did not
change over the course of the season, in individual players, greater competition
volume was associated with decreased CM]Jreight in female collegiate volleyball

players. In PRO ice hockey, a significant decrease in CM]Jneight across the season was
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found (67). In contrast, an investigation in NBA players revealed that, in players
with greater playing minutes, repetitive vertical jump power and lower body-
power increased during the competitive period (203). These divergent results could
be explained by the characteristics or loading demands of the sports investigated
(e.g., basketball vs ice-hockey) and timing of the re-test (i.e., Pres, early season,
mid-season, and late season, 36 hours after the last game vs before the start of the
regular season and at the end of the regular season). In the present study, jump
height had slight, steady but non-significant decreases over the season.
Nevertheless, from a practical perspective, it is important to acknowledge that each
athlete responds individually to the applied stress, and by identifying abnormal
responses, tailored-made training strategies may then be implemented to avoid or

mitigate detrimental effects.

A comprehensive kinetic analysis of the CM] identified a significant and large
(ES = 1.24) decline in CON peak power and small-moderate but non-significant
effects in ECC and landing phase-specific metrics (i.e., peak power and velocity,
RFD, duration, etc.), with the largest differences observed between Sep and Jan
(Table 12). Significant changes in CM]J kinetic variables have been noted in studies
in other team-sports athletes (67, 68). In PRO ice-hockey athletes, Gannon et al. (67)
found that CON peak velocity and COM displacement decreased in the late-season
when compared to the early-season. Moreover, the CON power decrements may
reflect potential residual fatigue or the muscular-skeletal system that negatively
affect power production capabilities as the season progresses (66). Therefore, sports
practitioners, coaches, and scientist should be aware that a thorough kinetic
analysis of the CMJ] might provide valuable information regarding the
neuromuscular status of the athletes that may not be obtained when analyzing
jump height alone (40, 69). Lastly, frequent evaluations during the competitive
period may allow to describe better the effects of training or competition stress on
jump-landing cycle fluctuations. We also noted that while CM]Jneignt steadily
decreased, ECC (i.e., peak power and velocity, duration and COM displacement)
and landing (i.e., peak force and RFD to peak force) metrics showed positive trends

during specific time-points of the season.
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11.5. LIMITATIONS

There are limitations to this study that must be acknowledged. Firstly, the
season was abbreviated due to the COVID-19 pandemic (i.e., interrupted in March
2020 and recommenced directly with play-off games in June 2020). Therefore, the
duration of the competition season was 6 months of instead of the typical ~8-month
season. Secondly, a small sample size was analyzed. Nevertheless, it is important
to note that futsal teams are composed of only 12 — 14 players, from which 10 were
tested during the season, representing >80% of the team’s players. Thirdly,
participant’s total playing time, which could mediate the fluctuations of the
neuromuscular performance throughout the season, was not recorded. Finally, a
more comprehensive testing battery (e.g., including COD tasks, unilateral and
bilateral drop jumps, or maximal strength assessments) and more frequent
evaluations (e.g., weekly tests), could allow to describe better the effects of training
or competition stress on neuromuscular performance during the competitive
period. Nevertheless, the aim of the study was to evaluate the chronic adaptations
on neuromuscular performance during in-season, with tests conducted at a
moment of the week (i.e., three days after competition) at which point the residual

fatigue effects associated with match-play are limited (64).

11.6. CONCLUSIONS AND PRACTICAL APPLICATIONS

In summary, considering the neuromuscular performance tests and variables
assessed, only CON peak power in CM] decreased significantly across the season.
However, gradual and non-significant decrements were observed in other
assessments (e.g., sprint time [4.7%; ES = 1.05], SLJ distance [3.9%; ES = -0.54]) and
vertical jump outcomes (e.g., CMJheignt [5.1%; ES =-0.48]). Other jump-landing phase
cycle metrics (i.e., ECC peak power and velocity, duration, COM displacement,
landing peak force and RFD to peak force) showed positive small-moderate
fluctuations throughout the season. The accumulated training and game demands
may preclude futsal players from increasing gross sprinting and jumping
performance (such as height or power) during the competitive period.

Monitoring elite futsal players’ performance is crucial not only for individual
athlete care but also for the team’s success. From an applied perspective,

monitoring practices should consider the individual athlete’s response to the match
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and training stress they are exposed to, in order to identify the need for adjustments
to competition or TL and REC and, ultimately, to minimize potential performance
decrements. Based on the current data, practitioners are encouraged to perform a
broad speed-power assessment including a more thorough kinetic analysis of the
CM] as it might provide valuable information regarding the neuromuscular status
of the athletes that may not be identified when monitoring jump height alone.
Specifically, CON peak power should be considered a variable of interest as, in the
current study, it was the only CMJ metric that decreased significantly across the

season.






XII - STUDY 8






CHAPTER XII. STUDY 8 177

XII. STUDY 8

EFFECTS OF THE COVID-19 LOCKDOWN ON NEUROMUSCULAR
PERFORMANCE AND BODY COMPOSITION IN ELITE FUTSAL PLAYERS

12.1. INTRODUCTION

Futsal is a high-intensity intermittent indoor sport, with high physical,
technical, and tactical demands during match-play (1-4, 61). In competitive
scenarios, futsal players have been shown to cover an average of 4,313 m during a
single match, with high-intensity running corresponding to 13.7% and sprinting to
8.9% of the efforts performed (1). Moreover, players may complete ;30 sprints, in
sequences of 2, 3, and 4 sprints, with 15-60 s rest intervals (3). These data highlight
the importance of players having well-developed neuromuscular capabilities that
enable them to successfully perform actions that require high-power outputs (e.g.,
sprints, jumps, and rapid COD) and cope with the high-intensity demands of
competition. In this regard, jumping and sprinting ability are commonly used as
monitoring tools to evaluate players’ performance and fatigue levels throughout
the season (39, 40, 206).

Regarding PRO futsal, recent world events have resulted in an unparalleled
situation with important implications for elite players. At the beginning of 2020
(January— March), sport leagues and tournaments worldwide (e.g., European
soccer and futsal national leagues or the Olympic Games) were postponed or
canceled because of a novel virus: SARS-CoV-2 (COVID-19). The uncontrolled
spread of the virus caused thousands of cases of respiratory problems globally
leading the World Health Organization to declare COVID-19 a pandemic (78). Most
European countries imposed a mandatory confinement that, among other
occupations, affected PRO sports. As a consequence, athletes were forced to stay at
home and were not allowed to use the team’s training facilities. To face this
unprecedented scenario during the in-season period, coaches and sports scientists
provided several training recommendations in an attempt to minimize the
detrimental effects caused by the lockdown on physical performance (79).

Nevertheless, the actual effects of home confinement and long-term reduced
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training cannot be properly comprehended until players return to their normal

activities.

According to Mujika and Padilla (207, 208), detraining is defined as the total
or partial loss of anatomical, neuromuscular, and physiological adaptations due to
training reduction or cessation. Training cessation refers to the partial or complete
pause of a precise training plan; reduced training consists on a nonprogressive
reduction of the training that may maintain or improve performance (207). On this
topic, Koundorakis et al. (209) observed that after a long-term (i.e., 6 weeks)
training cessation highly trained soccer players’ neuromuscular responses (i.e.,
sprint and vertical jump) were negatively affected. Similarly, decreased ECC knee
extension force, electromyographic activity of the vastus lateralis during an
isometric test, and changes in type II fiber areas were reported after 2 weeks of
training cessation in power athletes (210). Moreover, fiber type transitions (i.e.,
from fast type II to slow type I fibers) have been shown to occur after detraining in
several studies (211-213). Thus, it seems that sudden decreases in TL for an
extended period may be detrimental to performance, particularly in highly trained
individuals. However, a situation as the one caused by the COVID-19 (which
resulted in PRO athletes spending more than 60 days without adequate training,
resources, and competition stimuli) is unprecedented, and therefore, its effects on
athletic performance are unknown, particularly in futsal players. In fact, studies on
this topic focused mainly on elite soccer. For example, an investigation with
Brazilian players revealed significant decreases in CMJ and sprint (i.e., 10 and 20
m) performance after the quarantine (214). Similarly, another study (66)
demonstrated that, although isolated resistance circuit and aerobic training was
able to maintain CMJneight, RSI, and peak CON and ECC power during the
lockdown, other specific ECC (i.e,, downward) and landing phase kinetic variables
were significantly altered in elite soccer players. As such, additional research in
neuromuscular performance components is still needed to better understand the

effects of long-term training cessation.

Body composition (i.e., body mass, fat percentage, and muscle mass) is
another important aspect to consider in PRO athletes as it plays a crucial role in
competitive performance (215). A decrement on physical activity levels reduces
energy expenditure that, in turn, may increase body fat (216). Previous research
conducted with PRO soccer players found that body fat and body mass were
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negatively affected after the transition phase of the season (209). However, to
understand the effects of an unusual and prolonged home confinement on body
composition in top-level athletes (e.g., elite futsal players), further investigation is

warranted.

This study aimed to investigate the effects of a 70-day reduced training
period forced by the COVID-19 quarantine on speed power-related capacities (i.e.,
sprint acceleration, horizontal jump, and vertical jump) and body composition (i.e.,
body mass, body fat percentage, and muscle mass) of elite futsal players. Because
of the prolonged period of specific reduced training, we hypothesized that athletic
performance and body composition would be negatively affected by the lockdown

period.

12.2.  METHODS

12.2.1. Study Design

This pre-post quasi-experimental study aimed to investigate the changes on
speed-power-related performance and body composition after the home
confinement period caused by the COVID-19 pandemic. In Spain, the lockdown
was announced on March 14, 2020. The pre-lockdown performance had been
previously assessed on March 3, 2020, (as part of the physical testing procedures
applied monthly to the futsal players during the in-season period) and the post-
lockdown evaluation was conducted on May 13, 2020 (i.e., 70 days later). The pre-
confinement body composition data were collected on March 2 and post-
confinement assessments were conducted on May 12, 2020 (i.e., after 70 days).
Pretest evaluations were completed for all players collectively, whereas, on
posttest, players reported to the laboratory individually (3 players were assessed
each hour, between 09:00 and 13:00 hours), according to the governmental
guidelines. All players were familiarized with the testing procedures because of
their regular routines in our facilities. Players completed the same standardized
general warm-up protocol consisting of running based activities, dynamic
stretching, core and lower-body activation exercises, followed by a test-specific
warm-up (i.e., submaximal attempts in all tested exercises). Tests were performed
on the following order: vertical jump, horizontal jump, and sprint-acceleration test.

The 10 m sprint test was selected because futsal match activity profiles have shown
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that the average sprinting distance is ;10.5 m (61). Each trial was separated by a 1-
minute rest interval, and 3 minutes were allowed between successive trials and

tests.

During the lockdown, each player followed an individualized nutritional
plan developed by the team’s nutritionist and adjusted every 2 weeks. To keep pre-
quarantine body composition parameters, players recorded their body mass twice
per week and reported it to the team’s nutritionist. The Harris-Benedict’s equation
(217) was used to measure energy expenditure and determine each player’s energy
intake (i.e., should be the same as the energy expenditure). In addition, all players
completed a semi-structured maintenance training program (Table 13) comprising
exercises using only the body mass as resistance (e.g., vertical and horizontal
jumps, half and full squats, lunges, push-ups, etc.). Athletes were instructed to
perform these exercises 2-3 times per week, completing 2 or 3 sets of 6-8 (jumps)
and 10-12 (squats and lunges) repetitions. Importantly, and as shown in Table 1,
despite completing the maintenance program, players experienced a considerable
decline in all type of fast stretch-shortening cycle actions during the lockdown (i.e.,
due to the lower training intensity and frequency and to the lower exposure to
jumping and other explosive actions characteristic of futsal training and match-
play). All players confirmed that they did not seek any professional advice outside
of the team’s coaching staff nor did they follow any prescribed training by other
practitioners. In this sense, during the quarantine period, athletes were considered

to be on a long-term reduced training phase.

Table 13 Models of the training structure during the competitive season and the
lockdown period.

Competitive season

Training Strategy Resistance Training RST Plyometric
Exercise Type Traditional and Ballistic Resisted sprints VJ-HZ
Intensity 30-70% 1RM High High
Volume 2-3 sets 4-8 reps 10 m 5-8 reps 2-3 srit;SS—lo
Frequency 2 — 3 sessions-wk!

Sport-specific
Training - Official 5 — 6 sessions-wk™ — 1 — 2 official matches-wk*
Matches
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Lockdown period

Training Strategy Resistance Training Plyometric
Exercise Type BW VJ-HZ
Intensity Low High
Volume 2-3 sets 10-12 reps 2-3 sets 6-8 reps
Frequency 2 — 3 sessions-wk!

BW: body weight; HIIT: high-intensity interval training; HZ: horizontal jumps; reps: repetitions; RST:

resisted sprint training; VJ: vertical jumps; wk: week.

12.2.2. Participants

Players from an elite futsal team (i.e., a 12-player squad) volunteered to take
part in the study. Two athletes did not complete the last assessment pre-quarantine
because of minor injuries and were not included in the analysis. Therefore, 10 elite
male futsal players (mean + SD; age: 26.7 + 3.1 years old, body mass: 76.0 + 6.6 kg,
height: 1.78 + 0.06 m) participated in this study. Futsal players competed in the
Spanish National League (LNES) and were qualified to play the UEFA Futsal
Champions League Final. Therefore, the high level of the players in this study
sample can be confirmed. All athletes involved were free of injury before the
quarantine. By signing a PRO contract with the club, all players provided
individual written informed consent for data collection and study participation. All
procedures were approved by the Catholic University of Murcia (UCAM) Ethics

Committee and were conducted according to the Declaration of Helsinki.

12.2.3. Procedures

Sprint-Acceleration Test. Two pairs of photocells (WITTY System, Microgate,
Bolzano, Italy) were positioned at the starting line and at 10 m. Players started from
a standing position, 0.3 m behind the starting line, and performed a maximal all-
out linear sprint twice, with a 1 min rest (ICC 0.82, CV: 3.9%). Players started the
test when ready, with no investigator’s signal. Given the short distance (i.e., 10 m)
assessed, the test could be considered to evaluate ACC capabilities because players

did not achieve maximum sprinting velocity. All athletes performed the test using
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the regular futsal shoes and on a wooden surface. The fastest time was retained for

analysis.

Horizontal Jump Test. Athletes stood with their feet shoulder-width apart
behind the starting line and the arms at the side of the body. They were instructed
to jump as far as possible in the horizontal direction. A countermovement with arm
swing was allowed. Players performed a maximal effort 3 times with a 1- minute
rest (ICC: 5 091, CV: 5 3.7%). Athletes were required to land with both feet
simultaneously, and in case they fell forward or backward, the trial was considered
invalid and repeated. The distance between the starting point and the heel of the
rear foot measured by a tape to the nearest 1 cm was considered. The longer

distance was recorded for analysis.

Vertical Jump Test. CM] was used to determine the vertical jump ability.
Athletes were required to perform a downward movement, followed by a
complete, rapid extension of the lower limbs. The depth of the countermovement
was self-selected to avoid changes in jumping coordination. The hands were placed
on the hips throughout the whole movement, and athletes were directed to jump
as high as possible and land close to the take-off point. They executed 3 maximal
trials with 1- minute rest (ICC: 5 0.94, CV: 5 6.0%). The CM] was performed on a
Kistler 9286BA portable force platform (Kistler Group, Winterthur, Switzerland),
and the data were exported and analyzed with the software ForceDecks (Vald
Performance, Brisbane, Australia) and processed using Python (v.3.8.3). Jump
height and multiple kinetic variables (e.g., impulse, peak power, peak force, and
velocity or RFD) (66) from the best jump trial (according to highest jump height)

were retained for analysis.

Body Composition. All the assessments were completed by the same
experienced evaluator (nutritionist), who had ISAK certification, in accordance
with ISAK’s international standards (218). Players were required to be on a fasted
state, to avoid caffeine and alcohol consumption for at least 8 hours before the
procedure, and to wear only the team’s training shorts. Body mass was assessed
using a Tanita HD-313 scale (Tanita Corporation, Tokyo, Japan) with a 150 kg
capacity and accuracy to the nearest 0.1 kg. Eight skinfold measurements were
taken with a Harpenden caliper (Baty International, RH15 9LB, England; width of
80 mm and accuracy to 0.2 mm) from the following defined ISAK sites: triceps,

subscapular, biceps, iliac crest, supraspinal, abdominal, frontal thigh, and medial
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calf. Percentage of body fat was estimated according to Yuhasz’s equation (219) and
muscle mass (kg) to Matiegka’s equation (220).

12.2.4. Statistical Analysis

Data are presented as mean + SD. Statistical analysis was performed using
the Jamovi statistical package (2020; version 1.2). Normality was checked with the
Shapiro-Wilk test. A paired sample t-test (parametric variables) or a Wilcoxon test
(nonparametric variables) was used to detect differences between pre-post
measurements. Cohen’s effect sizes (ESs) with 95% confidence intervals (95% Cls)
were computed to determine the magnitude of every paired comparison and
classified as follows: trivial (,0.2), small (.0.2-0.6), moderate (.0.6-1.2), large (.1.2—-
2.0), and very large (.2.0-4.0) (173). Significance level was set at p < 0.05.

12.3. RESULTS

Figures 13 and 14 display the group and individual data for sprint and
horizontal jump performances, respectively. Considering sprint, a significant and
large decrease in performance was observed (p = 0.004; ES=1.31). By contrast, small
and nonsignificant pre-post differences were found in horizontal jump (p = 0.243;
ES =20.39).

Figure 13 Pre-quarantine and post-quarantine sprint time data.

Sprint

Bars represent mean values, and symbols and lines represent individual changes. *p < 0.05.
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Figure 14 Pre-quarantine and post-quarantine horizontal jump distance data.
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Bars represent mean values, and symbols and lines represent individual changes.

Figure 15 presents the group and individual data for vertical jump
performance, and Table 14 depicts the data for selected CM] kinetic variables.
Moderate and nonsignificant pre-post differences were found in vertical jump
height (p = 0.076; ES = 20.63). In the CMJ ECC (“downward”) phase, significant
decreases were observed in DEC impulse (p = 0.006; ES = 21.13), RFD (p = 0.041; ES
=20.75), peak velocity (p = 0.006; ES = 1.12) and peak power (p = 0.004; ES = 1.23).
Nonsignificant, trivial or small declines were detected in all CON (“upward”)
phase variables and landing RFD to peak force (p = 0.129; ES = 20.52). Moderate
significant differences were found in peak force (p = 0.050; ES = 20.70) during the
landing phase.

Figure 15 Pre-quarantine and post-quarantine vertical jump height data.
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Vertical Jump
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Bars represent mean values, and symbols and lines represent individual changes.

Table 14 Comparison of countermovement jump kinetic variables before and after
the confinement.

Pre Post Effect Size
Variables Units value
Mean * SD Mean + SD b (95% CI)
-0.63 (-1.30 —
Jump Height cm 35.78 +4.58 34.10 £ 3.54 0.076 0 (06)
DOWNWARD (“ECCENTRIC”) PHASE
-1.13
Decel I 1 1.36 +0.14 1.19+0.1 .006
ecel Impulse Ns/kg 36+0 9+0.16 0.006 (-1.91 - -0.30)
Peak Velocit m/s -1.39+0.14 -1.21+0.17 0.006* L12
y o7ED crED : (0.30 - 1.90)
Peak Power W/k -20.85+5.20 -16.40 +4.00 0.004* 123
& o0 = A : (0.38 - 2.05)
RFD? N/s/k 77.39 £23.46 67.82 +24.68 0.041* 075
& T E e R : (-1.44 - -0.02)
UPWARD (“CONCENTRIC”) PHASE
-0.59
Impulse Ns/kg 2.67+£0.17 2.61+0.13 0.091 (-1.26 - 0.09)
. -0.58
Peak Velocity m/s 2.78£0.15 273+0.13 0.096 (-1.24-0.10)
Peak Power W/k 53.27 £6.09 53.48 + 6.67 0.911 0.03
& erED SO0 : (-0.58 — 0.65)
LANDING PHASE
-0.70
Peak F N 7.06 £24.92 76.88 +18.47 .050*
eak Force kg 97.06 £24.9 6.88+18 0.050 (-1.38 - 0.00)
-0.52
RFD to Peak F b N/s/k 176 +2 1948 + 132 12
o Peak Force /s/kg 3176 + 2965 948 + 1320 0.129 (-1.18-0.14)

*p < 0.05; significant pre —post differences analyzed by a Paired Sample T-Test.
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CI: confidence interval; Decel: deceleration; RFD: rate of force development; SD: standard deviation.

aEccentric RFD: average RFD (Aforce/Atime) calculated from the start of the eccentric yielding phase
(minimum force [time 1]) to the end of downward (“eccentric”) phase [time 2];

bRFD to Peak Force: average RFD calculated from landing [time 1] to landing peak force [time 2].
Impulse, Force, RFD and Power variables are expressed relative bodyweight.

Note: As downward (“eccentric”) phase velocity and power are negative values, the decrease in

values for these variables manifests as a positive ES.10

Table 15 depicts the data for the body composition variables pre-post
confinement. Trivial and nonsignificant differences were obtained in total body
mass (p = 0.992; ES = 0.00), fat mass (p = 0.947; ES = 20.02), and muscle mass (p =
0.734; ES = 20.11).

Table 15 Comparison of body composition variables before and after the

confinement.
Pre Post
Variables Mean = SD Mean + SD Me?(%jiff vaFI)ue I%gf;(;t) ?:'Iz)e
Body composition
Body Mass (kg) 76.0 £ 6.6 76.0 £6.7 01+42 0992 (-o.gi?g.ez)
Fat Mass (%0) 9.29+1.46 9.28+1.70 -0.3£6.0 0.947 (-0.;3(&)1.;05.59)
Muscle Mass (kg)  50.1+156  50.0+148  -01+15 0.734 (-0.%%';13.51)

*p <0.05; significant pre —post differences analyzed by a Paired Sample T-Test.

CI: confidence interval; SD: standard deviation.

12.4. DISCUSSION

To the best of our knowledge, this is the first study to investigate the effects
of 70 days of reduced training caused by the COVID-19 on speed-power-related
performance and body composition in elite futsal players. Notably, the main
findings indicated that (a) a significant impairment in short sprint (i.e.,
acceleration) performance was found after the quarantine period; (b) vertical jump
height was not significantly affected during home confinement but significant
differences were observed in specific ECC “downward” and landing phase kinetic
variables; (c) horizontal jump performance was not significantly affected during
lockdown; and (d) players experienced no significant changes in body composition.
The present data indicate that long-term reduced training may have a negative
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effect on ACC capabilities and alter aspects of neuromuscular performance
identified by vertical jump kinetic analysis. Yet, vertical jumping height and
horizontal distance can be maintained for prolonged periods (70 days) in PRO
futsal players by completing training routines based on exercises that can be
performed at home, without thorough supervision or the need for additional
training equipment.

Considering sprinting-acceleration performance, it seems that long-term
reduced training (8 weeks) may affect sprint capabilities of elite futsal athletes.
Importantly, in this unusual scenario (i.e., 70 days of home confinement), players
were unable to perform any type of high-intensity running actions due to the
mandatory lockdown (i.e., spatial constrains), which may have contributed to the
observed declines in ACC ability. These results support previous findings showing
impairments in sprint performance after long-term reduced training in soccer
players (209, 214, 221). For example, Koundourakis et al. (209) observed that after
a 6-week training cessation (i.e., 2 weeks abstained from any activity and 4 weeks
performing only 20-30 minute slow running 3 times per week), the sprint velocity
of elite soccer players decreased significantly. Potential factors explaining these
adaptations include an insufficient sprinting stimulus (training volume and
intensity), changes in muscle fiber type and in cross-sectional area of type II fibers,
or alterations of anaerobic enzymatic activity (222, 223). From an applied
perspective, coaches should be aware that impairments in ACC ability may be
expected after long-term training cessation or reduced training in team-sport
players. Thus, for these athletes, returning to training practices after prolonged
periods of low volume of high-intensity running and sprint training should focus
on progressively developing the speed-related qualities, from the early ACC to

maximum velocity phases.

Of note, horizontal and vertical jumping distance and height, respectively,
were not influenced by the quarantine, which is in line with previous studies
investigating long-term training cessation (i.e., 4 weeks) in team-sports (66, 224). In
a sample of high-level handball players, Marques et al. (224) reported that a period
of 7 weeks of reduced training did not negatively affect CM]Jneight. By contrast, an
investigation into elite soccer players revealed significant decreases in CMJ and
squat jump after a transition period of 6 weeks (209). These results might be

explained by possible changes in fiber type morphology (222) due to the complete
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absence of plyometric training during the period (note that in the study by
Koundorakis et al. (209) players performed only slow-running activities for 20-30
minute, 2 to 3 times per week). Regarding our study, it is important to highlight
that (a) futsal players performed a semi-structured maintenance training program
comprising vertical and horizontal jumps throughout the lockdown in an attempt
to minimize potential declines in neuromuscular performance (79) and (b)
individual responses differed among players (as seen in Figures 14 and 15), which
suggests that tailored training strategies may be necessary. Nevertheless, in applied
terms, jumping ability (i.e., as determined by jump height) seems to be maintained
during prolonged periods of reduced training. Therefore, coaches are encouraged
to prescribe different types of vertical and horizontal jump exercises during long-
term reduced training periods, keeping in mind that individual responses may

vary among players.

An interesting and novel finding in this study was that a thorough analysis
of CM]J kinetics revealed that ECC (i.e.,, DEC impulse, peak velocity and power, and
RFD) and landing variables (i.e., peak force) were significantly affected by the
reduced training period, in line with a recent study conducted with PRO soccer
players (66). Specifically, Cohen et al. (66) found that a long-term reduced training
(i.e., players completed an isolated resistance and aerobic interval training) during
the quarantine was successful in maintaining jump height, peak CON power, and
several other kinetic variables, but not specific ECC and landing force, RFD, and
velocity metrics. This suggests potential alterations on stretch-shortening cycle
mechanisms, muscle-tendon properties (66), or movement strategies used by the
athletes that may impair, for instance, their ability to rapidly and efficiently
decelerate (i.e., high ECC loading). Noteworthy, another investigation (214)
demonstrated a significant decrease in CM] (i.e., an ECC-CON action) but not in
squat jump (i.e, CON-only movement) height after the quarantine in soccer
players, which further supports that ECC and landing qualities are more sensitive
and harder to retain during extended periods of reduced training. Still, further
studies are necessary to identify the precise mechanisms explaining this
phenomenon and to allow providing more robust recommendations for returning

to competition practices, after extended absences off-court.

Regarding body composition, it is well established that a reduction in

physical activity levels diminishes energy expenditure (216). Therefore, decreasing
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energy intake may be necessary to avoid undesirable changes in body composition
(e.g., increases in body fat). Remarkably, the mandatory confinement seemed not
to affect players’ body composition (i.e., total body mass, body fat percentage, and
muscular mass). The results of this research are not supported by other studies
investigating the effects of prolonged training cessation (209, 214, 225). In this
context, Ormsbee et al. (225) noted that swimmers’” body composition and
metabolism were adversely affected after more than a month of training cessation
that usually occurs after the last competition of the season. Our results may be
explained by the fact that futsal players had continuous contact with the team’s
nutritionist, who prepared individualized dietary plans every 2 weeks according
to player’s needs, and the caloric intake was reduced during the lockdown when
compared with the Ins. Furthermore, players were highly motivated to follow the
nutritional guidelines imposed because shortly after the confinement they had to
play the Spanish League Playoffs; thus, they were expected to be prepared to return
to a decisive phase of the competition within few weeks after the lockdown. This
contrasts with other studies (209, 225) in which detraining comprised unstructured
light -moderate physical exercise (mainly running-based activities, e.g., 20-30
minute jogging, 2-3 times per week), was part of the transition phase, and was

followed by a specific Pres period with limited competition demands.

12.5. LIMITATIONS

This study is limited by its small sample size. Nevertheless, it is important to
note that the futsal team (a UEFA Futsal Champions League finalist) was composed
of only 12 athletes, from which 10 were tested pre-lockdown and post-lockdown,
representing more than 83% of the team’s players. A second limitation is related to
the difficulty of the S&Cc to (remotely) control the training sessions during the
lockdown that may have affected individual responses. Finally, more tests
investigating players’ neuromuscular performance (i.e., COD ability,
unilateral/bilateral drop jumps, and maximal ECC/CON strength) could allow to
better describe the effects of the COVID-19 home confinement on physical

performance.
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12.6. CONCLUSIONS AND PRACTICAL APPLICATIONS

In summary, a detrimental effect of the lockdown was found for sprint
performance and specific CM] kinetic ECC and landing phase variables in elite
futsal athletes. Nevertheless, vertical jump height, horizontal jumping distance,
and body composition were not affected. The inclusion of “regular” unloaded
lower-body exercises performed at home, without thorough supervision may
conceivably explain why athletes were able to maintain their CON jump
performance (but not ACC ability and underlying neuromuscular qualities
identified in the ECC and landing phases of the CM]) after the 70 days of reduced
training. Coaches and sport scientists should consider the present findings when

planning the specific training approaches after long-term reduced training periods.

Long-term reduced training caused by home confinement had a large
negative effect on the ACC performance of elite futsal players, most probably due
to the lack of an appropriate sprint training stimulus. By contrast, as players were
able to perform jump-type exercises at home, horizontal jump distance and vertical
jump height were not significantly impaired (although moderate ESs were found
for the latter). Nevertheless, it is important to highlight that different variables,
specifically in the ECC and landing phases, were found to be significantly affected
by the prolonged reduced training period. This finding highlights that
implementing a thorough analysis of players’ CMJ jump-land kinetics may reveal
detraining-related neuromuscular strategy changes that are not expressed in
vertical jump height declines, an approach previously shown to be of value in
detecting neuromuscular fatigue (39, 40). In addition, no changes were found in
body composition, emphasizing the importance of having players follow
individual dietary plans during prolonged periods of decreased TL. From an
applied perspective, sprinting ACC and DEC (i.e., ECC biased) training strategies
should be prioritized when returning to regular training practices to counteract the
negative effects caused by long-term reduced training. Moreover, considering
players’ individual responses, it seems that a low (but frequent) volume of
jumping-based exercises (2-3 sets of 6-8 repetitions of vertical and horizontal,
unilateral and bilateral jumps, 2 sessions per week) may be sufficient to avoid
impairments in jumping capacity (i.e., as determined by jump height) during long-
term reduced training periods (i.e., 70 days) in elite male futsal players. However,
practitioners should take into account that, as suggested by the significant CM]J
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kinetic changes, important alterations may still have occurred, which could
potentially influence other performance-related and injury-related aspects (e.g.,

DEC ability or muscle-tendon properties).
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XIII. STUDY 9

INJURY RATES FOLLOWING THE COVID-19 LOCKDOWN: A CASE STUDY
FROM AN UEFA FUTSAL CHAMPIONS LEAGUE FINALIST

13.1. INTRODUCTION

In 2020, a pandemic disease (i.e., COVID-19) arose complicated
circumstances for athletes, clubs, and sports competitions (226). Most European
countries postponed or canceled their respective championships as players were
forced into a long-term lockdown during the in-season period (March-May). This
unprecedented situation led National leagues and federations to adjust the
competitive calendars to allow finishing the competitions in due time. For example,
the LNFS (1% Division of Spain) determined that the league’s first play-off game
was to be played within few weeks after a ~60-day lockdown, a period with
reduced training. Therefore, several recommendations were provided by the
scientific community to tackle the potential detraining effects on physical
performance and minimize the risk of injury when returning-to-competition after
the lockdown (79, 227, 228).

Futsal is a high-intensity intermittent team-sport, in which players are
exposed to high metabolic and neuromechanical stress during match-play (61).
Regarding injury characteristics, a recent meta-analysis (229) found that male
players displayed: 1) an overall injury incidence rate of 6.8 injuries/ 1000-h and; 2)
an incidence rate of 44.9 injuries/1000-h during match-play. Likewise, it was found
that PRO players from the 1¢t and 24 LNFS sustained ~10 injuries/ 1000-h of training
and ~60 injuries/1000-h of competition during the Pres. and that most injuries
affected the lower-limbs (i.e., 92.1%) (181). Nevertheless, all previously published
data are based on the analysis of “regular” competitive scenarios (i.e., no Insc breaks
due to a lockdown) and no investigation has reported the effects of the unique

situation caused by COVID-19 on injury occurrence in elite futsal.

Therefore, the aims of this case study were to examine and compare the

absolute and relative lower-limb injury rates 6 weeks pre- and post-lockdown. Due
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to the extensive period of reduced training, we hypothesized that the relative
number of non-contact injuries would be greater after the season intermission (i.e.,

post-lockdown).

13.2. METHODS

13.2.1. Study Design

A pre-post retrospective cohort case study design was used. Due to the
Covid-19 pandemic, all futsal activities (i.e., training and competition) were
canceled on March 14, 2020. The pre-lockdown injury profile was compiled from
January 27t%, 2020 to March 13t%, 2020. During this period, players completed 53.3 +
5.4 h of training and 6 matches. The post-lockdown injuries were collected from
May 12, 2020 to June 24™, 2020 (last league play-off game). Players completed 52.9
+ 2.8 h of training and 5 matches. These time periods were selected for further
analysis to guarantee similar exposure time. Only non-contact lower-body injuries
were analyzed (injuries caused by external factors, such as contact with other
players, were disregarded). In the present study, an injury was defined as any
physical complaint sustained by a player that resulted from a match or training,
irrespective of need for medical attention or time loss from activities (204). The
team’s physician was responsible for the evaluation and recording of injuries
according to the consensus statement of injuries in soccer (204), previously used in
futsal (181).

13.2.2. Participants

Thirteen elite male futsal players (age: 27 + 2.8 years; body mass: 76 + 5.4 kg;
height: 1.79 + 0.1 m; body fat: 9 + 1.6%), competing in LNFS and Finalists of the
UEFA Futsal Champions League were monitored. By signing a PRO contract with
the club, all players provided individual consent for data collection and study
participation. All procedures were approved by the Local Human Subjects Ethics

Committee and conducted according to the Declaration of Helsinki.
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13.2.3. Procedures

Injuries were classified according to: 1) severity; 2) location; 3) type; and 4)
mechanism. No injury reoccurrence was observed; hence, this condition was
excluded. Injury severity considered the time period from the day of the injury to
the date of the player’s return to full participation with the team and was classified
as: minimal (<3 days); mild (4 — 7 days); moderate (8 — 28 days); and severe (> 28
days). If the player sustained an injury but was available the following day, the
incident was recorded as a time loss of zero-day severity. Injury location and type
were classified and divided into six (i.e., hip-groin, thigh, knee, lower leg-Achilles
tendon, ankle, foot-toe) and four categories (i.e., fractures and bone stress, joint
[non-bone] and ligament, muscle and tendon, contusions), respectively (204).
Injury mechanisms were classified as overuse (i.e., unidentifiable event, usually
due to repeated micro-traumas) or traumatic (i.e., specific identifiable occurrence)
(204).

Time exposure for each player considered the total time spent in training and
competition. Team talks and video tactical sessions, meetings with sport
psychologists and nutritionists, and personal activities undertaken away from the
team’s staff were not included. Injury rates were expressed per 1,000 hours of

training and match combined.

13.2.4. Statistical Analysis

Statistical analysis was performed using SPSS Statistics, version 22.0 (SPSS,
Inc., Chicago, IL). Descriptive data of absolute and relative number of injured
athletes pre- and post-lockdown were reported. The distribution in the number of
injuries between both periods of analysis was compared through the Chi-Square
test and the z-test and the 95%.

13.3. RESULTS

Tables 16 and 17 report the pre- and post-lockdown lower-limb injury rates
and characteristics. No lower-limb overuse injuries were observed pre-lockdown.
Nevertheless, 38% (i.e., 5) of players suffered from non-contact overuse injuries
after the lockdown in hip-groin and tight muscles, all sustained during training.
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Chi-Square tests revealed a significant difference in the distribution of the number

of injuries between the two moments (p = 0.039).

Table 16 Injury indices before and after the COVID-19 lockdown.

Pre-Covid-19 Post-Covid-19 p X2
Total Exposure Time (h) 53.3+5.4 52.9+2.8
Total Injuries - 5
Inj Inci
njury Incidence 0 7.73 (95% CI: 2.19-13.27)  0.039

(n-1000 h)

Values presented as mean * SD.

p <0.05; significant pre —post differences analyzed by a Chi-Square test.

h: hours; SD: standard deviation

Table 17 Injury characteristics post-COVID-19 lockdown.

Post-Covid-19 Injury Characteristics

Mechanism of

. Overuse 5
injury
Injury severity Minimal 5
Injury location Hip/groin 4 (80%)
lower-limbs Thigh 1 (20%)
Injury type Muscle and tendon 5 (100%)

13.4. DISCUSSION

This case study identified a greater number of non-contact lower-body
injuries (incidence of 7.73-1000-h" [95% CI: 2.19 - 13.27]) after the lockdown in an
elite futsal team. Specifically, ~40% of the players (i.e., 5) suffered minimal severity
injuries (i.e,, 3 days of court absence) during the 6 weeks following home-
confinement. Conversely, no injuries were registered before the lockdown

considering the same exposure time.

In general terms, overuse injuries are more common during the Pres. when
compared to the rest of season (230, 231). This has been suggested to occur due to
inadequate REC and/or inappropriate loading during the first weeks of preparation
following reduced training periods (i.e., transition period) (231). Considering the
context of the present study, the post-lockdown period may be considered as a



CHAPTER XIII. STUDY 9 199

“mini preparatory phase” with the distinctive aspect that players returned from a
home-confinement characterized by a sudden decrease in the number and
frequency of high-intensity motor actions, especially those involving the stretch-
shortening cycle (as compared to the in-season) (69). Moreover, players had only a
few weeks to prepare for a highly demanding official play-off league match.
Therefore, we speculate that some athletes were not able to cope with the high
physical and technical demands of futsal training and competition; hence, the

greater number of overuse injuries (232).

Previous studies have shown the detrimental effects of the COVID-19
lockdown on neuromuscular performance in elite team-sports athletes (66, 214). In
particular, a recent study (69) using the same sample of elite male futsal players
revealed that home-confinement resulted in a significant impairment in 10 m sprint
performance. Of interest, vertical jump height remained unaltered, although
several kinetic variables (i.e., ECC peak velocity and power, RFD, and landing peak
force) were affected post-lockdown, despite players performing a maintenance
training program while confined, as described elsewhere (69). Noteworthy, the
main differences were obtained for the ECC and landing phases, suggesting that
alterations on muscle-tendon properties (66) or stretch-shortening cycle
mechanisms may have occurred during this period. To some extent, these
important modifications can justify the higher number of injuries post-lockdown.
These changes in neuromuscular function may have affected players’ ability to
efficiently decelerate and tolerate high ECC-loading actions, which is highly and
frequently required in futsal (61).

It is important to highlight that futsal is characterized by high-intensity
activities such as ACC, DEC, and directional changes (61). The issue here is that,
during the lockdown, it was not possible to provide these types of stimuli to the
players. In addition, the reduced period of training before competition could have
resulted in the higher rates of injuries observed in the post-lockdown period, even
considering that the number of matches was greater before the home-confinement
(6 OFF matches vs 4 friendly and 1 OFF).
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13.5. LIMITATIONS

Importantly, due to the reduced sample size and the elite level of the players
examined here, the present results should not be generalized. Further retrospective
investigations on pre- and post-lockdown injury rates with greater sample sizes
and timeframes or involving athletes from different sports and performance levels

are warranted.

13.6. CONCLUSIONS AND PRACTICAL APPLICATIONS

In summary, a significant increase in non-contact lower body injuries was
observed after the COVID-19 lockdown in elite futsal players. Specifically, when
considering an equal exposure time, the injury incidence was 7.73-1000-h* (95% CI:
2.19-13.27) after the quarantine, as opposed to no overuse injuries recorded pre-
lockdown. Therefore, following long-term training cessation, practitioners are
advised to: 1) implement a thorough analysis of players” neuromuscular qualities
and fatigue [through vertical jump kinetics, for example (39)], to identify individual
necessities and, thus, prescribe more tailored injury-reduction programs; 2)
optimize REC strategies to allow players to better tolerate the high training and
playing demands during congested calendars; and 3) closely monitor external and
internal TL. Finally, sport organizations and federations should consider that
players may need longer preparation periods to ensure safer return-to-competition
practices after prolonged periods of training cessation or reduced training, and that
competitive schedules should be adjusted to protect players” health and maintain

optimal levels of performance throughout the competitive period.
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XIV. SUMMARY AND DISCUSSION OF THE RESULTS

The main objectives of the present compendium of studies was to analyze
the match-play demands, player’s characteristics, and the fluctuation of the
neuromuscular performance across season. The main results were that: 1) futsal
players are exposed to high physiological, neuromuscular, and biochemical stress
during, immediately after, and post 24 h following the game, with significant
differences on match demands between halves, but not considering contextual
factors; 2) OFF futsal matches presented higher intensity when compared to Non-
OFF matches; 3) PRO futsal players cover greater distance, perform more high-
intensity actions, and present lower standing time when compared to SEMI-PRO
players; moreover, the former present low percentages of body fat, high
physiological (i.e., VO:xmax) and neuromuscular (i.e., sprinting, strength, and COD)
capacities, and superior performance in the ECC metrics of the CM]J; 4) virtually all
S&Cc report monitoring TL, most of them through the use of subjective tools,
utilize the neuromuscular and strength measurements to evaluate performance
and monitor fatigue, and practice ST and REC strategies for the physical
preparation in futsal; 5) elite futsal players presented significant positive changes
in CMJ jump landing phase following the Pres., however, CON peak power in CM]J
decreased significantly during the competitive season, and lastly, neuromuscular
performance (i.e., sprint, horizontal jump, and CM]J kinetic variables), body
composition, and relative number of non-contact injuries were significantly
negative affected by detraining period derived from COVID-19 lockdown.

Having all the above mentioned on mind, authors conducted the study 1
(61), which aimed to update and summarize the current state of literature on the
match-play demands and physical, physiological, and neuromuscular
characteristics of elite futsal players and to present the differences between
competition levels. This systematic review provided useful information for S&Cc
and sport scientists regarding the match demands, anthropometric characteristics,
and physical qualities of elite and sub-elite male futsal players. The results indicate
that futsal is characterized by intermittent high-intensity activities with a great
number of ACC, DEC, and sprints, short REC times between them, and multiple
COD actions during match-play. For example, Ribeiro et al. (24) analyzed a series
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of kinematic, mechanical and metabolic variables during match-play using GPS
wearable devices and found that the total distance covered was 3749 + 1123 m,
sprinting distance corresponded to 135 + 54 m, and players performed a great
number of ACCi (87 +49) and DECi (80 + 32), when compared to the total number
of jumps (9 * 4). The abundance of these types of efforts produces important
decrements in physiological and neuromuscular responses between the two halves
and immediately following match-play. Due to high physical match demands,
neuromuscular training (power- and speed-related development) should be one of
the main objectives of S&Cc in futsal for the players’ physical preparation.
Moreover, REC strategies should be used following the matches as biochemical
responses (i.e., a decrease of plasma SlgA, increased muscle soreness, CK levels)
appear to be affected up to 24 h after the match (9, 13, 15). Comparing competition
level, differences were observed in match demands, with elite players covering
higher distance, performing more high-intensity actions, and presenting lower
standing time when compared to sub-elite players (6). An analysis of the
anthropometric characteristics of futsal players showed low percentages of body
fat with no differences between on-court players of different positions or level of
competition, however, goalkeepers were found to present higher body fat (86, 87).
Regarding the physiological characteristics of futsal players, these display VOazmax
values of around 62 ml-kg-'-min~". In this regard, PRO players have been reported
to possess higher VOzmax, when compared to SEMI-PRO which could potentially
explained by the greater match demands of the former with respect to the latter
(49). Lastly, it appears that elite futsal players present better sprinting abilities
when compared to lower-level players, but jump height seems not to differentiate
between competition levels. Therefore, futsal players aiming to compete at the
highest level should focus on developing maximal speed, lower-body power and
strength, aerobic-anaerobic capacity, and lean muscle mass. In an applied setting,
S&Cc should plan intermittent game-based drills that require multiple high-
intensity efforts (e.g., short sprints in multiple directions or DEC) and speed-power

exercises on training sessions.

Following the systematic review (61) that allowed summarizing the current
state of the literature, the aim of study 2 (192) was to better understand the
perspectives of futsal S&Cc working on the field. This was the first study to
describe the TL monitoring and physical performance assessment practices and the
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characteristics of ST and REC strategies in PRO futsal. Of note, the vast majority
(97.3%) of the S&Cc from Portugal and Spain reported monitoring TL (either
internal or external) in PRO futsal. The most common method of recording TL was
the RPE with 86.5%, followed by HR and GPS/accelerometry systems that were
used by 40.5% and 37.8%, respectively. Considering player’s physical capacities
testing across the season, S&Cc generally evaluate body composition (81.1%),
vertical jump ability (72.9%), muscular strength (70.3%), COD-agility (69.9%),
followed by anaerobic capacity (54.1%) sprint (>10 m) (51.4%), aerobic capacity
(43.2%), and ACC ability (<10 m) (40.6%). These tests are usually conducted
monthly (29.7%), biannually (27.0%), trimonthly (21.6%), weekly (16.2%), and
bimonthly (10.8%). Regarding player’s fatigue, S&Cc reported conducting
assessments mostly every week, with vertical jump height, muscular strength, and
HR variability being the variables most commonly tested. Remarkably, it seems
that neuromuscular and strength capacity evaluations are used to evaluate both
performance and fatigue during the season with different frequency between
practitioners in futsal. These results are in agreement with previous research (149,
153) that have demonstrated that jump tests, strength measurements, and sport-
specific assessment protocols are commonly used in other team-sports,
implemented on a weekly or monthly basis. When inquired about ST, all
practitioners reported it to be a significant and highly important training
component in futsal (i.e., 4.8 + 0.4 out of 5). In the present study, S&Cc reported
prescribing ST mainly 3 times/week (55.6%), with sessions lasting 31-45 min
(32.4%), 16-30 min (29.7%), or 46—60 (24.3%) in the Pres.. During Ins, practitioners
declared performing 3 weekly ST sessions (45.9%), but with shorter durations (16—
30 min, 45.9%; 31-45 min, 27.0%; and 46-60, 21.6%), most likely due to the limited
time to dedicate to the development of physical qualities during the training week.
Interestingly, these results are in line with the previous systematic review (61) that
concluded the importance of developing sprinting, lower-body power and
strength, aerobic-anaerobic capacity, and lean muscle mass in order to face up the
high competitive demands. A novel aspect within this investigation was related to
how S&Cc vary their ST practices depending on the competitive calendar (i.e.,
normal vs. congested weeks). Interestingly, the first ST during a normal week is
performed mostly on the morning of MD + 2 (43.3%) and comprises both lower and
upper body lifts (73%) and core (67.6%) exercises. During congested periods, short
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(i.e., 16-30 min, 45.9% or 0-15 min, 24.3%) ST sessions focused on the core
musculature (62.2%) and (to a lesser extent when compared to normal weeks) lower
and upper limb exercises (45.9%) are executed in the morning of MD + 2 (27.9%).
However, these results should be interpreted cautiously as they are mainly
anecdotal evidence, and more research is needed on the effects of ST on players’
performance and REC profile during normal and congested weeks in futsal.
Considering the REC methods in futsal, it seems that S&Cc adjust REC approaches
depending on the game location (i.e., ‘home’ versus “away’). Precisely, active REC,
water immersion, and massage therapy appear to be more utilized following
‘home’” games when compared to ‘away”’ (76.6% vs 35.1%; 64.9% vs 21.6%; 48.6% vs
37.8%, respectively). However, foam roller, stretching, nutritional, and
supplementation strategies are independent of the game location as the
percentages of each do not differ greatly. Of note, REC sessions are mainly taking
place after the game (43.2% and 54.1% following “home’ and ‘away’ games,
respectively) or on the afternoon of MD + 1 (‘home’: 40.5%; ‘away’: 27%) and last
15-30 min. These results present great interest, as they indicate that S&Cc apply
REC strategies immediately and 24 h after the game, which, as outlined in the
systematic review (61), is a critical period where biochemical responses appear to
be affected following match-play (9, 13, 15). Nevertheless, more research on the
effects of different REC methods on futsal players and their individual response is

warranted.

The previous two studies (61, 192) demonstrated that futsal players are
exposed to high physical demands and that practically all the S&Cc monitor the
game and TL in futsal. However, the influence of contextual factors in futsal match-
play demands were not clarified. Having that in mind, the study 3 (133) aimed: 1)
to quantify the match external load and movement demands during competitive
PRO futsal matches while identifying differences between time periods (i.e., It and
2nd halves) using accelerometer-based technology; and 2) to investigate whether
contextual factors (i.e., opposing team’s ranking, match outcome, and location)
affect external load variables during the match. Regarding match demands, the
present results reinforce previously published research (1, 3-5, 27, 28) and confirm,
through accelerometry data, that futsal is, indeed, a high-intensity intermittent
modality in which players perform multiple ACCrxi, DEChi, and CODwi actions (95).
Of note, when analyzing game periods (i.e., halves), players displayed higher total
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PL, PL-min", and DECurand EXPL-MOV in the 1% half when compared to the 2nd.

Similar results were obtained by other authors (1, 4, 5, 7) using time-motion

analysis and indicating that the percentage of distance covered at medium and
high-velocity, and sprinting was greater during the 1+ half. However, reports of no
meaningful differences between the two halves can also be found in the literature
(3, 28). For example, Ribeiro et al. (28) found that kinematic (i.e., distance covered
per min, sprints), mechanical (i.e., ACC, DEC), and metabolic variables (i.e.,
metabolic power per min) were not affected by time-periods. Regarding the
influence of the opposing team’s ranking on the league, no meaningful differences
were observed on any external load variable which indicates that similar physical
demands are placed on players when playing against the top or bottom
competitors, in order to achieve a positive result. Along the same lines, related
studies (124, 128) on other team-sports have displayed similar physical match-
demands against low-, medium- and, high-level opponents. However, Goodale et
al. (127) found that total distance covered and activities at moderate and high-
speeds were higher when playing against the top-4 opponents when compared to
the bottom-4. Considering match result (i.e., Win-Loss), no significant differences
were found on external match load. The present data do not seem to support a
previous study (126) that found that the number of jumps, ACCuxi, DEChi, and COD
were higher during losses when compared to wins in basketball. Additionally,
Vescovi et al. (129) observed that relative sprint distance was greater during losses
than draws in PRO women soccer players. Lastly, the external match load and
activity profile were similar regardless of the game location (i.e,, home versus
away). Previous research (125, 129) from other team-sports supports the present
results. PRO female soccer’s players were found to experience no differences on
physical demands irrespective of match location (129). Conversely, related studies
(139, 140) have reported a significant decline on performance when playing “away”
compared to “home”. There are important factors that could influence the
outcomes such as sport characteristics (i.e., futsal, soccer, and rugby), travel time
or even time-zone changing since long-haul, and trans meridian travelling has been

suggested to affect players’ performance (141, 142).

Following study 3 (133), more information about the match external load
and movement demands identifying differences between time periods (i.e., 1*t and

2rd halves) and contextual factors (i.e., opposing team’s ranking, match outcome,
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and location) was available. However, as mentioned above, the WCS may be
considered more accurate to quantify the most intense periods of the game because
the “average approach” may overlook variations and obscure the most intense
periods of the play (35). Given that, the study 4 (233) aimed to compare and analyze
the WCS in futsal considering: 1) OFF and Non-OFF matches; 2) calculated by two
methods (i.e., ROLL and FIX); and 3) four different time-periods (i.e., 30 s, 1, 3, and
5 min). Match-play intensity during OFF competitions (e.g., LNFS and UEFA Futsal
Champions League), as determined by PL-min" and calculated via ROLL, was
found to be higher than during Non-OFF matches when considering the time-
windows of 30 s and 1 min. This could be explained by the importance of the OFF
games, in which “winning” is the main goal, and players are more likely to engage
in maximal intensity efforts as opposed to friendly matches that are mainly focused
on developing tactical, technical, and physical capacities (155). Notably, no
difference in WCS was found between the matches as time-windows increased
(e.g., 3 and 5 min intervals). It appears that larger time-epochs (i.e., >3 min) may
obscure the most intense periods of the OFF competitions and overlook the “actual
intensity” of these matches, possibly because futsal players barely spend >5 min on
the court due to unlimited substitutions (130). In brief, WCS calculated over longer
intervals seem to be closer to the match average intensity obtained with the
“average approach”. Regarding the different WCS computation methods, the FIX
approach underestimated the intensity in futsal matches when compared to the
ROLL in 30 s, 1, and 3 min intervals. These results are in line with previous research
from different team-sports (145, 151, 152). For example, Cunningham et al. (152)
found that the FIX method undervalued the maximum and high-speed running
distance covered irrespective of the time-window (i.e., 60 — 300 s) in rugby players.
Similar results were obtained in soccer players, with the FIX method
underestimating the relative total and high-speed distances during match-play
when compared to ROLL (154). Interestingly, no significant differences between
the two methods were found within the 5 min time-window herein. Again, this
finding supports that the utilization of large time-periods to determine the WCS is
not recommended, as they do not accurately portrait the game’s most demanding
passages. The intensity significantly declines as time extends from 30 s to 5 min by
both the FIX and ROLL approaches.
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With regards to players’ neuromuscular performance, the systematic
review (61) reported no significant differences found between PRO and SEMI-PRO
players on jumping ability when considering CM]Jheight. However, to obtain more
detailed information, a comprehensive kinetic analysis of CM] might be warranted
to detect differences between the competition levels. Subsequently, the main aims
of study 5 were to compare the CM] kinetic variables (i.e., CM]Jheigh, COM
displacement, flight-contraction time, RSImod, and ECC and CON duration, peak
force, power, and velocity) between PRO and SEMI-PRO futsal players; and
compare the differences in the above-mentioned metrics among playing positions
(i.e, D, W, and P). Regarding the differences in jumping ability between
competition levels, previous studies (50, 57) found that PRO players presented
equal CM]Jreight values when compared to SEMI-PRO players. Similar results were
obtained in the current study, when considering CMJheigt. However, a more
comprehensive analysis of several kinetic variables during the jump-land cycle,
displayed that PRO players had a better ECC capacity, performed a deeper COM
displacement, generated greater absolute and relative peak power, and achieved
greater peak velocities when compared to SEMI-PRO players. This difference could
be explained by the higher number of matches and training sessions (and
consequently, greater DEC actions) that PRO players expose to (i.e., ~50 vs ~30
games and ~6 vs ~3 training sessions per week) when compared to SEMI-PRO
counterparts. Furthermore, it is important to highlight that PRO players cope with
higher physical match-demands, and thus, this could make to present a better
stretch-shortening cycle mechanism and muscle-tendon properties compared to
lower-level players. Comparing the vertical jump ability amongst playing positions
(i.e., D, W, and P) non-significant with trivial-small effect was found in any CM]
metric. These results are in line with a previous study (187), that compared the

CMJheight among goalkeeper, D, W, and P.

Once the differences in specific vertical jump metrics between competition
levels were analyzed it was deemed interesting to understand how neuromuscular
performance fluctuated across the different phases of the season. Firstly, study 6
aimed to investigate the fluctuations in neuromuscular performance (i.e., sprinting
and jumping ability) across the initial 10 weeks of the season (including Pres. and
Inse) in a sample of elite futsal players. The main findings were that: 1) jump height

did not change during the Pres. and in the early competition season; 2)
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improvements in specific CM] kinetic variables (i.e., RSImod, ECC peak force, ECC
Dec RFD and CON peak force) were observed post Pres. which indicated an
enhanced neuromuscular status; 3) positive changes were also found in ECC Dec
RFD and ECC duration when comparing Ins. to Pres; and 4) a significant time
interaction was found in sprint time (that improved post Pres. and deteriorated in
the early competitive season); however, changes between periods were small and
non-significant. Regarding vertical jump performance, several CM] metrics (i.e.,
RSImod, ECC peak force, ECC DEC RFD, ECC duration, and CON peak force)
improved from Pres to early competitive season (Ins). Of note, jump height was
not altered during the first 10 weeks of the season while specific CMJ] metrics
significantly changed post Pres. and Ins. Similar results have been observed in
other team-sports in the sense that meaningful alterations in jump height were not
detected in response to loading or unloading, whereas a more thorough kinetic
analysis of the CM] revealed significant changes in neuromuscular function (40, 66-
69, 198). While the overall time interaction for sprint performance was significant,
non-significant changes were detected when comparing the different phases.
Specifically, players were faster after the Presebut performance deteriorated during
early Ins,, which aligns with previous studies (77, 194, 199, 200).

Furthermore, when exploring the differences in neuromuscular performance
amongst Pres, post Pres, and Ins, more questions were raised about the
fluctuations during the season. Accordingly, study 7 (195) was designed and aimed
to examine potential changes in speed-power related outputs (i.e., sprint speed, SLJ
distance and vertical jump height) and CM] kinetic variables (derived from the
ECC, CON, and landing phases) across the season in elite futsal players. It appears
that elite futsal players were not able to improve their sprinting ability throughout
the competitive period (they sustained a gradual non-significant decline), aligning
with previous findings in team-sports athletes (77, 194, 199). This phenomenon
could be related to the concurrent training effect between power and endurance
adaptations across the season, as well as the insufficient REC during congested
periods (194, 205). From an applied standpoint, it is important to note that in the
present study, despite not achieving statistical significance, sprint times were ~5%
(ES=1.05) higher (i.e., indicating lower performance) in Jan when compared to Sep,
suggestive of a gradual decrease in maximal sprinting ability across the season.

Periodic assessment of this quality during the competitive period could identify
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potential neuromuscular performance impairments, allowing individualized

power-speed oriented training prescription according to a player’s competition
and training cumulative load and response thereof. Moderate but non-significant
decrements in jumping ability were observed throughout the season. Mean
CMJheignt, and SLJ distance values were, on average, 5.1% (ES = -0.48) and 3.9% (ES
=-0.54) lower, respectively, in Jan when compared to Sep aligning with findings in
other studies in team-sports (68, 70, 72, 74). For example, Kipp et al. (68) observed
that while team-average jump height did not change over the course of the season,
in individual players, greater competition volume was associated with decreased
CM]Jreight in female collegiate volleyball players. In PRO ice-hockey, a significant
decrease in CM]Jheight across the season was found (67). In contrast, an investigation
in NBA players revealed that, in players with greater playing minutes, repetitive
vertical jump power and lower body-power increased during the competitive
period (203). These divergent results could be explained by the characteristics or
loading demands of the sports investigated (e.g., basketball vs ice-hockey) and
timing of the re-test (i.e., Pres., early season, mid-season, and late season, 36 hours
after the last game vs before the start of the regular season and at the end of the
regular season). In the present study, jump height had slight, steady but non-
significant decreases over the season. A comprehensive kinetic analysis of the CM]
identified a significant and large (ES = 1.24) decline in CON peak power and small-
moderate but non-significant effects in ECC and landing phase-specific metrics
(i.e., peak power and velocity, RFD, duration, etc.), with the largest differences
observed between Sep and Jan (Table 12). Significant changes in CM] kinetic
variables have been noted in studies in other team-sports athletes (67, 68). In PRO
ice-hockey athletes, Gannon et al. (67) found that CON peak velocity and COM
displacement decreased in the late-season when compared to the early-season.
Moreover, the CON power decrements may reflect potential residual fatigue or the
muscular-skeletal system that negatively affect power production capabilities as
the season progresses (66). Therefore, sports practitioners, coaches, and scientist
should be aware that a thorough kinetic analysis of the CM] might provide valuable
information regarding the neuromuscular status of the athletes that may not be
obtained when analyzing jump height alone (40, 69). Lastly, frequent evaluations
during the competitive period may allow to describe better the effects of training

or competition stress on jump-landing cycle fluctuations. We also noted that while
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CM]Jheigh steadily decreased, ECC (i.e., peak power and velocity, duration and COM
displacement) and landing (i.e., peak force and RFD to peak force) metrics showed

positive trends during specific time-points of the season.

Of note, it can be noticed that the previous study (195) during the season
was conducted until Jan because on March of 2020 a novel virus COVID-19 was
spread around the world, with almost all countries imposing a mandatory
confinement. Among other occupations, the pandemic affected PRO sports, and
athletes were forced to stay at home and not allowed to use the team’s training
facilities. As a consequence, the study 8 (69) aimed to investigate the effects of a 70-
day reduced training period forced by the COVID-19 quarantine on speed-power-—
related capacities (i.e., sprint acceleration, horizontal jump, and vertical jump
landing phases) and body composition (i.e., body mass, body fat percentage, and
muscle mass) of elite futsal players. Considering sprinting-acceleration
performance, it seems that long-term reduced training (8 weeks) may affect sprint
capabilities of elite futsal athletes. Importantly, in this unusual scenario (i.e., 70
days of home confinement), players were unable to perform any type of high-
intensity running actions due to the mandatory lockdown (i.e., spatial constrains),
which may have contributed to the observed declines in ACC ability. These results
support previous findings showing impairments in sprint performance after long-
term reduced training in soccer players (188, 193, 200). Of note, horizontal and
vertical jumping distance and height, respectively, were not influenced by the
quarantine, which is in line with previous studies investigating long-term training
cessation (i.e., 4 weeks) in team-sports (167, 203). In a sample of high-level handball
players, Marques et al. (203) reported that a period of 7 weeks of reduced training
did not negatively affect CMJneignt. By contrast, an investigation into elite soccer
players revealed significant decreases in CMJ and squat jump after a transition
period of 6 weeks (188). An interesting and novel finding in this study was that a
thorough analysis of CM]J kinetics revealed that ECC (i.e., DEC impulse, peak
velocity and power, and RFD) and landing variables (i.e., peak force) were
significantly affected by the reduced training period, in line with a recent study
conducted with PRO soccer players (167). Specifically, Cohen et al. (167) found that
a long-term reduced training (i.e., players completed an isolated resistance and
aerobic interval training) during the quarantine was successful in maintaining

jump height, peak CON power, and several other kinetic variables, but not specific
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ECC and landing force, RFD, and velocity metrics. This suggests potential
alterations on stretch-shortening cycle mechanisms, muscle-tendon properties
(167), or movement strategies used by the athletes that may impair, for instance,
their ability to rapidly and efficiently decelerate (i.e., high ECC loading).
Noteworthy, another investigation (193) demonstrated a significant decrease in
CM]J (i.e., an ECC-CON action) but not in squat jump (i.e., CON-only movement)
height after the quarantine in soccer players, which further supports that ECC and
landing qualities are more sensitive and harder to retain during extended periods
of reduced training. Lastly, body composition was not affected by home

confinement.

This unprecedented situation produced by the COVID-19 led National
leagues and federations to adjust the competitive calendars to allow finishing the
competitions in due time. After exploring the detrimental effects produced by the
70-day detraining period that was reported in the previous study (195), it was noted
that the effects of the home confinement on injury incidence were still unknown.
Thus, study 9 (234) aimed to examine and compare the absolute and relative lower-
limb injury rates 6 weeks pre- and post-lockdown. This case study identified a
greater number of non-contact lower-body injuries (incidence of 7.73-1000-h* [95%
CI: 2.19 - 13.27]) after the lockdown in an elite futsal team. Specifically, ~40% of the
players (i.e., 5) suffered minimal severity injuries (i.e., <3 days of court absence)
during the 6 weeks following home-confinement. Conversely, no injuries were
registered before the lockdown considering the same exposure time. In general
terms, overuse injuries are more common during the Prese when compared to the
rest of season (209, 210). This has been suggested to occur due to inadequate REC
and/or inappropriate loading during the first weeks of preparation following
reduced training periods (i.e., transition period) (210). Considering the context of
the present study, the post-lockdown period may be considered as a “mini
preparatory phase” with the distinctive aspect that players returned from a home-
confinement characterized by a sudden decrease in the number and frequency of
high-intensity motor actions, especially those involving the stretch-shortening
cycle (as compared to the Ins) (171). Moreover, players had only a few weeks to
prepare for a highly demanding official play-off league match. Therefore, we
speculate that some athletes were not able to cope with the high physical and

technical demands of futsal training and competition; hence, the greater number of
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overuse injuries (211). Previous studies have shown the detrimental effects of the
COVID-19 lockdown on neuromuscular performance in elite team-sports athletes
(167, 193). In particular, a recent study (171) using the same sample of elite male
futsal players revealed that home-confinement resulted in a significant impairment
in 10 m sprint performance. Of interest, vertical jump height remained unaltered,
although several kinetic variables (i.e., ECC peak velocity and power, RFD, and
landing peak force) were affected post-lockdown, despite players performing a
maintenance training program while confined, as described elsewhere (171).
Noteworthy, the main differences were obtained for the ECC and landing phases,
suggesting that alterations on muscle-tendon properties (167) or stretch-shortening
cycle mechanisms may have occurred during this period. To some extent, these
important modifications can justify the higher number of injuries post-lockdown.
These changes in neuromuscular function may have affected players’ ability to
efficiently decelerate and tolerate high ECC-loading actions, which is highly and
frequently required in futsal (95).

In summary, futsal is an intermittent high-intensity sport with high
physiological, neuromuscular, and biochemical stress during and following the
match. PRO players have been found to cover greater distance, perform more high-
intensity actions, and present lower standing time when compared to SEMI-PRO
counterparts. Also, the former present low percentages of body fat, and high
physiological (i.e., VO2max) and neuromuscular (i.e., sprinting, strength, COD, and
ECC metrics of the CM]) capacities. The external match load significantly decreases
on the 2n half, but it is not affected by opposing team’s ranking, match outcome,
and location. When observing high peak periods, OFF presented significantly
higher intensity in comparison with Non-OFF matches. Futsal S&Cc working in
elite environments in Spain and Portugal regularly prescribe ST and employ REC
strategies to optimize physical preparation in real world contexts. Moreover,
almost all S&Cc apply neuromuscular and strength measurements to evaluate
performance and monitor fatigue, and report monitoring TL, most of them through
the use of subjective tools in order to detect the player’s physical fluctuations and
adaptations during the season. When evaluating neuromuscular performance
during different phases of the season, elite futsal players present significant
positive changes in CMJ jump landing phase following the Pres; however, CON

peak power in CM]J seems to decrease significantly during the competitive season.
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Lastly, neuromuscular performance (i.e., sprint, horizontal jump, and CM] kinetic
variables), body composition, and relative number of non-contact injuries were
significantly negative affected by the long detraining period derived from COVID-
19 lockdown.
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XV. CONCLUSIONS

15.1. GENERAL CONCLUSIONS

The results of the present compendium of articles allowed concluding that
futsal is a high-intensity intermittent sport, in which players are exposed to high
physiological, neuromuscular, and biochemical stress during, immediately after,
and post 24 h following the game. PRO futsal players cover higher distance,
perform more high-intensity actions, and present lower standing time when
compared to sub-elite players. Moreover, the former present low percentages of
body fat, and high physiological (i.e., VO2max) and neuromuscular (i.e., sprinting,
strength, and COD) capacities. Regarding load monitoring, ST, and REC methods
in futsal, virtually all S&Cc reported monitoring TL, most of them through the use
of subjective tools. The neuromuscular and strength measurements are among the
strategies that practitioners utilize to evaluate performance and monitor fatigue. ST
plays a crucial role in physical preparation in futsal with a typical ST session
program consisting of 3 sessions per week during the Presc and Ins, and multiple
REC strategies (i.e., foam roller, stretching, nutritional, and supplementation
strategies) are used following “home” and “away” matches. Notably, futsal players
were found to be exposed to high mechanical external loads and perform a great
number of ACCui, DECH, CODni, and EXPL-MOV during a match-play, with
higher total PL, PL-min"!, DECui, and EXPL-MOV obtained in the 1% half than the
2nd, Moreover, contextual factors (i.e. match result, team’s ranking and match
location) did not seem to affect any of the external variables. OFF matches
presented higher WCS when compared to Non-OFF competition, quantified by
ROLL. However, through this computation method, differences between match
types were identified only when short time-intervals (i.e., 30 s and 1 min) were
used. Considering the FIX approach, significant differences in WCS between the
OFF and Non-OFF games were found in all time-windows. This method
significantly underestimated the WCS from 30 s to 3 min, but not in the 5 min time-
epoch compared to ROLL. Furthermore, irrespective of the computation method,
30 s intervals were found to display the highest WCS and 5 min, the lowest. PRO
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futsal players presented higher performance in the ECC metrics of the CM] when
compared to SEMI-PRO players, however, no differences on CMJ jump landing
metrics were found amongst playing positions.

Considering the neuromuscular performance across the season, elite futsal
players presented significant positive changes in RSImod, ECC peak force, Dec RFD,
CON and ECC duration during the first 10 weeks of the season. Sprint time
improved during Pres. and deteriorated in the early competitive season; however,
changes between these periods were small and non-significant. Other CM] metrics,
such as ECC peak power and velocity, COM displacement, CON peak power,
velocity, and duration, and landing peak power showed small positive but non-
significant changes across the two periods. During the competitive season, only
CON peak power in CM] decreased significantly. However, gradual and non-
significant decrements were observed in multiple assessments (e.g., sprint time, SLJ
distance, and vertical jump height). Other jump-landing phase cycle metrics (i.e.,
ECC peak power and velocity, duration, COM displacement, landing peak force
and RFD to peak force) showed positive small-moderate fluctuations throughout
the season. Lastly, neuromuscular performance (i.e., sprint, horizontal jump, and
CM] jump landing phase variables), body composition, and relative number of
non-contact injuries were significantly negative affected by the lockdown period
when to pre-COVID-19.

15.2.  SPECIFIC CONCLUSIONS

The specific conclusions of the studies comprising the present thesis are
displayed below. It is important highlight, that the conclusions of the following
studies should not be generalized and used cautiously because of the high-level of

the athletes and sport’s characteristics.

Study 1:

-Futsal players perform intermittent high-intensity activities with a great
number of ACC, DEC, COD, and sprints, with short REC times between them
during match-play.
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-Elite futsal players cover higher distance, perform more high-intensity

actions, and present lower standing time when compared to sub-elite players.

-Futsal match-play produce important decrements in physiological,
neuromuscular, and biochemical responses between the two halves, post and post

24 h following match-play.

-Futsal players present low percentages of body fat, and high level of
physiological (i.e., VOzmax) and neuromuscular (i.e., sprinting, strength, and COD)

capacities.

Study 2:

-Virtually all coaches reported monitoring TL, most of them through the use
of subjective tools, and neuromuscular and strength measurements are among the

strategies that practitioners utilize to evaluate performance and monitor fatigue.

-ST plays a crucial role in physical preparation in futsal and a typical ST

session program consists of 3 sessions per week during the Pres. and Inse.

-Multiple REC strategies (i.e.,, foam roller, stretching, nutritional, and

supplementation strategies) are used following ‘home” and ‘away’ matches.

Study 3:

-Higher external load (i.e., total PL, PL-min"', DECh;, and EXPL-MOV) are
obtained in the 1st half than the 2nd,

-Contextual factors (i.e. match result, team’s ranking and match location) do

not seem to affect any of the external variables studied.

Study 4:
-OFF matches presented higher WCS when compared to Non-OFF

competition.
-WCS are higher when considering smaller (e.g., 30 s and 1 min) rather than
larger time-epochs (e.g., 3 and 5 min).

-WCS is higher when calculated by ROLL in comparison to FIX method.
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Study 5:
-PRO players presented a better ECC capacity, performing a deeper COM

displacement, generating greater absolute and relative peak power, and achieving

greater peak velocities when compared to SEMI-PRO players.

-No differences on CM] metrics were found amongst playing positions.

Study 6:

-CMJreight did not fluctuate in the early weeks of the season; however,
positive alterations in phase-specific CMJ kinetics (i.e., RSImod, ECC peak force, Dec

RFD, and duration) were found following Pres. training in elite futsal players.

Study 7:

-From the several neuromuscular performance tests and variables assessed,

only CON peak power in CM] decreased significantly across the season.

Study 8:

-A detrimental effect of the lockdown was found in sprint performance and
specific CM]J kinetic ECC and landing phase variables in elite futsal athletes.
Nevertheless, vertical jump height, horizontal jumping distance, and body

composition were not affected.

Study 9:

-The relative number of non-contact injuries were greater after the season

intermission (i.e., post-lockdown).
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XVI. LIMITATIONS

Some limitations of the studies composing the present thesis must be
addressed:

Study 1:

-The number of studies assessing each variable was quite different, which

means that the evidence level was dissimilar among variables.

-The instruments, tests, or data collection procedures differed among

studies.

Study 2:

-The results are based solely on the beliefs, experiences, or training
philosophy of S&Cc. As such, the practices of different staff members (e.g.,
physiotherapists, nutritionists, etc.), who are directly involved in injury risk
mitigation and REC strategies were not identified.

-Players did not participate in the survey, which limits access to important
information such as whether they use further assistance on REC or physical

preparation in their own time, outside club’s facilities.

-Data were collected only from practitioners working in Spain and Portugal.

Study 3:
-The small sample size may have limited the extrapolation of the results.

-The match external load was monitored only for on-court players, and no

goalkeepers’” demands during the match-play were considered.

-The difference between the total number of matches classified as “wins” (n

=12) and “losses” (n =5) may have influenced the analysis.
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Study 4:

-This study is limited by its small sample size and only one team was

recruited.

-Only four WCS time-windows (i.e., 30-s, 1-, 3-, and 5-min) and one external

load variable (PL-min-1) were considered.

Study 5:

-Only one physical assessment (i.e., vertical jump test) was analyzed, which
allows concluding about to the vertical jump ability of the players but not their

overall neuromuscular capabilities.

-This study is limited by its small sample size to compare amongst playing

position’s characteristics.

- CMJ data were collected only at the end of the Prese period (i.e., Sep), which
did not allow us to conclude whether similar results would be obtained during the

most crucial moments of the season.

-All the subjects competed in Spain and the results of this study should not

be expand to other populations.

Study 6:
-This study is limited by its small sample size.

-Players’ total training and match load were not recorded during the 10-
week period.

Study 7:
-The season was abbreviated due to the COVID-19 pandemic.
-This study is limited by its small sample size.

-Participant’s total playing time, which could mediate the fluctuations of

the neuromuscular performance throughout the season was not recorded.

Study 8:
-This study is limited by its small sample size.
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-The difficulty of the S&Cc to (remotely) control the training sessions during

the lockdown that may have affected individual responses.

Study 9:

-This study is limited by its small sample size and the duration of the data

collection period post-lockdown.
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XVIIL. PRACTICAL APPLICATIONS

From an applied and practical perspective, according to the results from the

studies in the present thesis, futsal S&Cc and sport scientists should consider that:

-Intermittent game-based drills that require multiple high-intensity efforts
(e.g., short sprints in multiple directions or DEC) and speed-power exercises
should be prioritized in futsal training.

-Weekly training plan (from a physical preparation perspective) should not
be altered whether the team plays at home or away, or against a top- or bottom-
ranked opponent.

-Short time-periods (i.e., 30 s and 1 min) should be selected to quantify the
WCS in futsal as these were the only ones found to be able to discriminate between
different types of matches (i.e., OFF and Non-OFF).

-Larger time-periods (i.e, 3 and 5 min) appear to obscure the “actual
intensity” to which the players are exposed to.

-ROLL seems to be more accurate than FIX to detect the WCS in elite futsal
matches.

-Plyometric and ECC exercises performed during the training sessions may
be interesting for muscle-tendon properties independently of the competition level.

-A more thorough analysis of the CM] is recommended as neuromuscular
changes that may occur, might not be expressed by CM]Jneight alone.

-RSImod, ECC and CON peak force, ECC duration, and ECC Dec RFD appear
to be more sensitive to neuromuscular adaptations of futsal players.

-A broad speed-power assessment during the season to evaluate players’
physical adaptations and adjust the training session accordingly.

-Sprinting, ACC and DEC (i.e., ECC biased) training strategies should be
prioritized when returning to regular training practices to counteract the negative
effects caused by long-term reduced training.
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-Optimizing REC strategies and closely monitoring external and internal TL

may allow players to better tolerate the high training and playing demands during

congested calendars.



XIII - FUTURE
RESEARCH LINES






CHAPTER XVIII. FUTURE RESEARCH LINES 235

XVIIL. FUTURE RESEARCH LINES

After the completion of the present thesis, future research lines arise from
the results obtained. In this regard, potential future investigations that could bring

further understanding on the topics studied herein are presented below:

-To study the physical and physiological match play demands and players’

characteristics in female futsal players.

-To study the effects on performance of current ST and REC methods
reported by the S&Cc.

-To study the peripheral, central, and mental fatigue induced by futsal
match-play.

-To study the match demands during normal game (i.e, 5 vs 5) when

compared the demands with “fly-goalkeeper” on-court (e.g., 5 vs 4).

-To study the peak demands (i.e., WCS) considering the contextual factors
(i.e., opposing team’s ranking, match outcome, and location), technical-tactical

parameters and between youth vs PRO, and male vs female matches.

-To study the differences on physical performance considering more
assessments, such as sprint, COD, isometric mid-tight pull, and strength deficit in
both PRO and SEMI-PRO players.

- To study the differences on physical performance (i.e., CMJ jump landing
phase, sprint, COD, isometric mid-tight pull, and strength deficit) between male

and female futsal players.
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-To study the fluctuations on neuromuscular performance across the season

with regards to the training and game time-exposure.

-To study the association between sprint performance and different CMJ

jump landing phase metrics.

-To study the variations on neuromuscular performance across the season

in female futsal players and the effects of menstrual cycle on performance.
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XIX. MENCION INTERNATIONAL

Con el objetivo de cumplir con los criterios especificados en el Real Decreto
99/2011 para la obtencién de la Mencion Internacional en el Titulo de Doctor, se
presentan las conclusiones del presente compendio de estudios en un idioma

distinto al utilizado en la restante tesis.

19.1. CONCLUSIONES GENERALES

Los resultados del presente compendio de articulos permitieron concluir que
el fatbol sala es un deporte intermitente de alta intensidad, en el que los jugadores
estan expuestos a un considerable estrés fisioldgico, neuromuscular y bioquimico
durante las 24 horas posteriores al partido. Los jugadores de fuatbol sala
profesionales cubren una mayor distancia, realizan mas acciones de alta intensidad
y presentan un menor tiempo de pie en comparacion con los jugadores sub-€lite.
Ademads, los primeros presentan bajos porcentajes de grasa corporal y altas
capacidades fisiologicas (VO2max) y neuromusculares (sprint, fuerza, salto y COD).
En lo que respecta a la monitorizacion de la carga, todos los S&Cc informaron de
la monitorizan el TL, la mayoria de ellos mediante el uso de herramientas
subjetivas. Las mediciones neuromusculares y de la fuerza se encuentran entre las
estrategias que los profesionales utilizan para evaluar el rendimiento y controlar la
fatiga. El entrenamiento de fuerza desempena un papel crucial en la preparacion
fisica en el futbol sala y un programa tipico de sesiones consiste en 3 sesiones por
semana durante la pretemporada y la temporada. Por ultimo, se utilizan multiples
estrategias de REC (es decir, rodillo de espuma, estiramientos, estrategias
nutricionales, y de suplementacion) después de los partidos "en casa" y "fuera".
Ademas, los jugadores de futbol sala estan expuestos a altas cargas externas
mecanicas y realizan un gran nimero de ACCu, DECu, CODHI y EXPL-MOV
durante un partido, obteniéndose mayores PL totales, PL-min', DECu y EXPL-
MOV en el primer tiempo que en el segundo. Los factores contextuales (es decir, el
resultado del partido, la clasificacion del equipo y el lugar del partido) no parecen

afectar a ninguna de las variables externas estudiadas. Los partidos OFF presentan
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un mayor WCS en comparacion con la competicion Non-OFF, cuantificado por
ROLL. Sin embargo, a través de este método de célculo, sdlo se identificaron
diferencias entre tipos de partidos cuando se utilizaron intervalos de tiempo cortos
(es decir, 30 s y 1 min). Considerando el enfoque FIX, se encontraron diferencias
significativas en el WCS entre los partidos OFF y Non-OFF en todas las ventanas
de tiempo. Ademas, este método subestimd significativamente el WCS de 30 s a 3
min, pero no en la franja de tiempo de 5 min en comparacién con ROLL. Por ultimo,
independientemente del método de calculo, se encontrd que los intervalos de 30 s
mostraban el mayor WCSy los de 5 min, el menor. Con respecto a las caracteristicas
y posiciones de los jugadores de futbol sala, los jugadores PRO presentaron un
mayor rendimiento en la métrica ECC del CM]J en comparacion con los jugadores
SEMI-PRO; sin embargo, no se encontraron diferencias en la métrica CMJ entre las
posiciones de juego.

Teniendo en cuenta el rendimiento neuromuscular a lo largo de la
temporada, los jugadores de futbol sala de élite presentaron cambios positivos
significativos en el RSImoq, la fuerza ECC méxima, el Dec RFD, la CON y la duracion
ECC durante las primeras 10 semanas de la temporada. El tiempo de sprint mejord
durante la pretemporada y deterié en la temporada competitiva temprana. No
obstante, los cambios entre los periodos fueron pequenos y no significativos. Otras
métricas del CM]J, como la potencia méaxima y la velocidad ECC, el desplazamiento
del COM, la potencia maxima, la velocidad y la duracion Con y la potencia maxima
del aterrizaje mostraron pequenos cambios positivos, pero no significativos entre
los dos periodos. Durante la temporada competitiva, solo la potencia maxima de
CON en CM] disminuy6 significativamente. Sin embargo, se observaron
disminuciones graduales y no significativas en otras evaluaciones (por ejemplo, el
tiempo de sprint, la distancia del SL] y la altura del salto vertical). Otras métricas
del ciclo de la fase de salto y aterrizaje (es decir, la potencia y la velocidad méaximas
ECC, la duracidn, el desplazamiento del COM, la fuerza maxima de aterrizaje y el
RFD a la fuerza maxima) mostraron fluctuaciones positivas pequefias y moderadas
alo largo de la temporada. Por tltimo, el rendimiento neuromuscular (es decir, las
variables de la fase de aterrizaje del sprint, el salto horizontal y el salto CM]J), la
composicion corporal y el nimero relativo de lesiones sin contacto se vieron
significativamente afectados de forma negativa por el periodo de confinamiento en

comparacion con el periodo anterior a la COVID-19.
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19.2. CONCLUSIONES ESPECIFICAS

A continuacion, se exponen las conclusiones especificas de los estudios que
componen la presente tesis. Es importante destacar que las conclusiones de los
siguientes estudios no deben generalizarse y deben utilizarse con precaucion

debido al alto nivel de los atletas y a las caracteristicas del deporte.

Estudio 1:

-Los jugadores de fatbol sala realizan actividades intermitentes de alta
intensidad con un gran namero de ACC, DEC, COD y sprints, con cortos tiempos

de recuperacion entre ellos durante el juego.

-Los jugadores de fatbol sala de élite cubren una mayor distancia, realizan
mas acciones de alta intensidad y presentan un menor tiempo de permanencia en

comparacion con los jugadores de sub-élite.

-Los partidos de fatbol sala producen importantes disminuciones en las
respuestas fisioldgicas, neuromusculares y bioquimicas entre los dos tiempos,

inmediatamente y después de las 24 horas posteriores al partido.

-Los jugadores de fatbol sala presentan bajos porcentajes de grasa corporal
y un alto nivel de capacidades fisiologicas (es decir, VO2max) y neuromusculares

(es decir, sprint, fuerza, salto y COD).

Estudio 2:

-Practicamente todos los entrenadores informaron de la monitorizacion del
TL, la mayoria de ellos mediante el uso de herramientas subjetivas, y las
mediciones neuromusculares y de fuerza se encuentran entre las estrategias que los

profesionales utilizan para evaluar el rendimiento y controlar la fatiga.

-La TS desempena un papel crucial en la preparacion fisica en el ftitbol sala
y un programa tipico de sesiones de TS consiste en 3 sesiones por semana durante

la pretemporada y la temporada.

-Después de los partidos "en casa" y "fuera" se utilizan multiples estrategias
de REC (es decir, rodillo de espuma, estiramientos, estrategias nutricionales y de

suplementacion).



242 KONSTANTINOS SPYROU

Estudio 3:

-Se obtienen métricas de carga externa mas altas (es decir, PL total, PL-min-

1, DECur y EXPL-MOV) en el primer tiempo que en el segundo.

-Los factores contextuales (es decir, el resultado del partido, la clasificacion
del equipo y la ubicacion del partido) no parecen afectar a ninguna de las variables

externas estudiadas.

Estudio 4:

-Los partidos OFF presentaron un mayor WCS en comparacion con la

competicion Non-OFF.

-E1 WCS es mayor cuando se consideran intervalos de tiempo mas pequefios
(por ejemplo, 30 s y 1 min) que mas grandes (por ejemplo, 3 y 5 min).

-El WCS es mayor cuando se calcula con el método ROLL en comparacion

con el método FIX.

Estudio 5:

-Los jugadores PRO presentaron una mejor capacidad Ecc, realizando un
desplazamiento COM mas profundo, generando una mayor potencia maxima
absoluta y relativa, y alcanzando mayores velocidades maximas en comparacion
con los jugadores SEMI-PRO.

-No se encontraron diferencias en las métricas del CM] entre las posiciones

de juego.

Estudio 6:

-La altura del CM]J no se modifico, sin embargo, se encontraron alteraciones
positivas en la cinética especifica de la fase del CM]J (es decir, RSImod, fuerza maxima
ECC, Dec RFD y duracidn) tras el entrenamiento Prese. en jugadores de fatbol sala

de élite.
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Estudio 7:

-Pruebas de rendimiento neuromuscular y variables evaluadas, solo la
potencia pico concéntrica en el CMJ disminuy0 significativamente a lo largo de la

temporada.

Estudio 8:

-Se encontro un efecto perjudicial del bloqueo para el rendimiento del sprint
y las variables especificas de la fase excéntrica y de aterrizaje del CM]J en los atletas
de élite de futbol sala. Sin embargo, la altura de salto vertical, la distancia de salto

horizontal y la composicion corporal no se vieron afectadas.

Estudio 9:

-El ntimero relativo de lesiones sin contacto fue mayor después del

intermedio de la temporada (es decir, después de cuarentena).
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APPENDIX 1. Study 1: PHYSICAL AND PHYSIOLOGICAL MATCH-PLAY
DEMANDS AND PLAYER CHARACTERISTICS IN FUTSAL: A SYSTEMATIC
REVIEW

Reference:

Spyrou, K., Freitas, T. T., Marin-Cascales, E., & Alcaraz, P. E. (2020). Physical and
physiological match-play demands and player characteristics in futsal: a systematic
review. Frontiers in psychology, 11, 569897.
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Futsal, also known as five-a-side indoor soccer, is a team-sport that is becoming
increasingly popular. In fact, the number of futsal-related investigations is growing in
recent years. This review aimed to summarize the scientific literature addressing the
match-play demands from the following four dimensions: time-motion/external load
analysis and physiological, neuromuscular, and biochemical responses to competition.
Additionally, it aimed to describe the anthropometric, physiological, and neuromuscular
characteristics of elite and sub-elite male futsal players, contemplating the differences
between competition levels. The lterature indicates that elte futsal players cover
greater total distance with higher intensities and perform a greater number of sprints
during match-play when compared to sub-elite players. The physiological demands
during competition are high (average intensity of >85% maximal heart rate and ~80%
maximum oxygen uptake [VOsmay]), with decrements between the two halves. Research
suggests that neuromuscular function decreased and hormonal responses increased
up to 24 h after the match, Considering anthropometric characteristics, players present
low percentage of body fat, which seems commonplace among athletes from different
on-court posttions and competition levels. Elite players display greater values and
at VOoma with respect to sub-elite competitors. Little is known regarding elite and
sub-elite futsal players’ neuromuscular abilities (strength, jumping, sprinting, and change
of direction [COD)J). However, it appears that elite players present better sprinting abilities
compared to lower-level athletes. Futsal players aiming to compete at the highest level
should focus on developing maximal speed, lower-body power and strength, aerobic
capacity, and lean muscle mass.

five-a-side soccer, game-analysis,

team-sports.
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INTRODUCTION

Futsal, also known as five-a-side indoor soccer, is a team-sport officially authorized by FIFA
and 1s becoming increasingly popular all over the world. It is characterized as a high-intensity
intermittent sport that imposes high physical, technical, tactical, and psychological demands on
players (Barbero-Alvarez et al, 2008). The game is played five-a-side (i.c., four on-court players
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match-phy d:mands through different approaches (ie., time-

lysis and wearable technology external load data, and

number of players in a squad for a match is 14 (a i of
9 substitutes per team) (FIFA, 2020). A futsal match consists of
two halves of 20 min separated by a 10 min break. Given that
the game-clock is stopped for some events (i.c., ball out of the
court, faults, corners}, a competitive match may last between 75
and 90 min (Alvarez et al, 2002). During match-play, teams can
request one timeout (1 min) in each half.

Of note, the number of futsal-related mvesnganons is growing

ical ular, and biochemical responses) and
dcscnbe tlu: players’ physical attributes.

METHODS
Study Design

The present study is a systematic review focused on the match-
play demands and players’ characteristics (i.c., anthropometrics,

in recent years. Several studies have described p

demands (Dogramaci and Watsford, 2006; Barbero- Al\ arezetal,
2008; Casmgna et al., 2009; Dogramaci et al,, 2011; Makaje et al,,
2012; Bueno etal, 2014; Caetano et al, 2015; Milioni et al, 2016;
Milanez et al, 2020; Ohmuro ct al, 2020; Ribeiro et al, 2020;
Yiannaks et al.. 2020) by reporting the physiological (Barbero-
Alvarez ot al, 2008; Castagna et al, 2009; Rodngues et al,
2011; Makaje et al, 2012; Charlot et al, 2016; Milioni et al.,
2016; Bekris et al, 2020; Yiannaki et al., 2020), neuromuscular
{Cactano et al,, 2015; Milioni et al., 2016; Milanez et al., 2020;
Ribeiro et al, 2020), or biochemical responses (Moreira et al,
2011; de Moura et al, 2013; Bekris et al, 2020) following a
competitive match. In addition, different authors have shown
particular interest in describing the characteristics of futsal
players such as anthropometrics {Baroni and Leal Junior, 2010;
Gomes et al., 2011; Jovanovic et al, 2011, Garrido-Chamorro
et al, 2012; de Moura ct al,, 2013; Pedro ct al, 2013; Ramos-
Campo etal,, 2014; Galy et al,, 2015; Nikolaidis et al, 2019; Lopez-
Fernindez et al., 2020) and physiological (Barbero-Alvarez et al.,
2009; Gorostiaga et al, 2009; Baroni and Leal Junior, 2010;
Castagna and Barbero-Alvarez, 2010; Milanez et al., 2011; Makaje
et al., 2012; Boullosa et al, 2013; Oliveira et al., 2013; Pedro
et al,, 2013; Cuadrado-Penafiel et al., 2014: Miloski et al, 2014;
Soares-Caldeira et al, 2014; De Freitas et al., 2015, 2019; Galy
et al, 2015; Garcia-Tabar et al, 2015 Charlot et al, 2016;
Floriano et al, 2016, Nakamura ct al., 2016, 2018; Naser and
Ali, 2016; Barbicri et al,, 2017; Barcelos et al., 2017; Valladares-
Rodriguez et al, 2017; Nogueira et al., 2018; Zarcbska et al,
2018, 2019; Farhani et ai., 2019; Nikolaidis et al,, 2019; Teixeira
et al, 2019; Wiodarczyk et al,, 2019, 2020; Bekris et al., 2020)
and ular qualities (G aga et al, 200%; Gomes
et ul,, 2011; Cuadrado-Penafiel et al, 2014; Soares-Caldeira et al,
2014; Galy et al, 2015; Charlot et al, 2016; Miloski et al,
2016; Nakamura et al, 2016; Naser and Ali, 2016; Vieira et al,
2016; De Lira et al, 2017; Loturco et al,, 2018, 2020; Nogucira
et al, 2018; Nunes et al, 2018, 2020; De Freitas ef al, 2019;
fiménez-Reyes et al, 2019; Nikolaidis et al., 2019; Sekulic et al.,
2019; Teixewra et al,, 2019). This is extremely important, since
understanding the match position-specific demands and the
physical requirements for dlite futsal players is the foundation
for planning an effective training program. With this is in
mind, the objective of this review is to update and summarize
the current state of literature on the match-play demands
and physical, physiological, and ular characteristics
of clm: futsal players and to present the differences between
competition levels. To the best of the authors’ knowledge, this is
the first ic review to simul Iy characterize futsal

7

logical, and cular) at different levels of
compcuuan in futsal. The review was performed in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Moher et al, 2010) and did

not require Institutional Review Board approval.

Search Strategy

A systematic search was carried out in PubMed, Web of Science,
and SportDiscus, all high-quality databases that assure a strong
bibliographic support. The search strategy considered all the
related articles published until July 25th, 2020. To ensure that all
studies related to this topic were identified, a broad and general
search was conducted by using solely the following keywords
in the search strategy: ("futsal” OR “indoor soccer” OR "five-a-
side soccer”). All titles and abstracts from the search were cross-
referenced to identify duplicates and any missing studies and
then screened for a subsequent full-text review. The search was
performed independently by two authors (KS, EM-C), and any
disagreement was resolved by a third party (TF).

Inclusion and Exclusion Criteria
The review included cross-sectional and longitudinal studies
blished in English idering professional futsal players. The
studlcs were mdud:d if they compnxd (1) elite male futsal
players; (2) sub-elite players, but only when compared to superior
competition levels; (3) players >20 years old; and (4) variables
related to the physical and physiological malch~pla) dcmznds
and player characteristics (i.¢., anthrop ic logical, or
neuromuscular) were reported. Importantly, in thcconlcxt of the
current review, players were classified as clite if they competed in
the National Team or 1st Division of their respective countries
or in the 2nd Division of Spain, Portugal, Italy, or Russia. All
the players that did not meet this standard were considered to
be sub-clite.

Studics were excluded if (1) participants were <19 years old;
(2) were female; (3) only sub-elite/: level players participated
in the study; (4) the division in which players competed was not
detailed in the study (e.g., the players were referred to as “elite”
but the article did not clearly mention that players competed in
Ist Division); (5) English language; (6) the methodological
quality assessment score was <8; and (7) the study consisted on a
review or a conference paper.

Study Selection

The initial search was conducted by two researchers (KS, EM-C).
After the removal of duplicates, an intensive review of all the titles
and abstracts obtained was completed and the ones not related
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to the review's topic were discarded. Following the systematic
screening process, the full version of the remaining articles
was read. All studies not meeting the inclusion criteria were
then excluded.

Data Extraction

Two reviewers (KS, EM-C) extracted the following data from
the included studies: number and competitive level of the
participants; match-play time-motion and physiological data;
players’ physiological and ular characteristics, the
tests performed, measurement tools used, and outcome units. As
the aim of the present review was not to investigate or determine
the effects of different training programs on futsal players’
physical qualities, in the studies in which interventions were
used, the baseline values {ic., pre-intervention) were extracted
and reported in the respective tables in the Results section. In
case the manuscript did not present numerical description of the
data, the software GetData Graph Digitizer 2.26 (free software

downloaded from http://getdata-graph-digitizer.com) was used
to extract the outcome values from the articles’ figures or graphs.

Methodological Quality Assessment

The methodological quality of the included studies was
evaluated separately by two researchers (KS, EM-C) using the
modified scale of Downs and Black (Downs and Black, 1598)
(Supplementary Material). Disputes were resolved by a third
party (TTF). Of the 27 criteria, 12 were applied according to
the study's design, as observed in similar research previously
published (Cummins et al., 2013; Whitehead et al, 2018).

RESULTS

Search Results

Figure 1 depicts the PRISMA flow diagram of the search
and selection process of the studies. The initial databases
yielded 2,346 citations, and 3 additional records were added
through other sources. After duplicate removal, 1,536 articles

Records identified through
database searching
(n=2346)

Additional records identified
through other sources
@=3)

Records after duplicates removed

Records excluded based on
abstract and title screening

(@=1536) ] (a=1421)
Full-text articles exchuded (n = 54):
Full-text articles <20 years of age (n =7)
assessed for eligibility > Non-elite'no competitive level
(n=115) specified (n=28)
Nodata (n = 15)

NoEnglish language (n =2)
Low quality assessment (n=2)

Studies included in
qualitative synthesis
(n=61)

=) =) ) =)

FIGURE 1 | Flow diagram.
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remained. Upon title and abstract screening, 115 were left for
the full-text review. Of the 115 articles reviewed, 61 met the
criteria for the systematic review. Of the 61 the studies, 12
included nmc-mouon annlysns and match external load data,

eight mpon:d physiological r to c four
ular and thme considered
biochemical responses. chzrdmg players’ characteristics,

10 studies included anthropometric ou(comcs. 33 detailed
physiological variables, and 21 i i
capabilities. Most of the studies were inclnded ini more thim o
section of the manuscript.

cular

Match Demands

Time-Motion Analysis and External Match Load
Time-motion analysis and external load tracking is frequently
used within team-sports to monitor and describe players’ activity
patterns and movements during competition (Mohr et al., 2005;
Burgess et al, 2006; Ben Abdelkrim et al., 2007). In this context,
total distance covered, average speed, the number and distance
of sprints, accelerations (ACC), and decelerations (DEC) are the
most commonly reported variables as they help describe match
and players' positional demands (Bangsbo, 1994).

In futsal, several studies have used video analysis and
computer-based tracking systems but only two studies have
used wearable technology (GPS or accelerometer) to analyze
match-play demands (Table 1) (Dogramaci and Watsford, 2006;
Barbero-Alvarez et al., 2008; Castagna et al., 2009; Dogramaci
et al, 2011; Makaje et al, 2012; Bueno et al, 2014; Cactano et al.,
2015; Milion: et al., 2016; Milanez et al, 2020; Ohmuro et al.,
2020; Ribeiro et al., 2020; Yiannaki et al, 2020). Most recently,
Ribeiro et al. (2020) analyzed a series of kinematic, mechanical,
and metabolic variables during match-play using GPS wearable
devices (WIMU PRO™!, Realtrack Systems, Almeria, Spain) and
found that the total distance covered was 3,749 & 1,123m and
sprinting (>18.0 km-h™') distance corresponded to 135 & 54m.
Moreaver, the authors reported that futsal players performed a
great number of high-intensity ACC (87 £ 49) and DEC (80
=+ 32), when compared to the total number of jumps (9 £
4). Utilizing a different approach (ie., time-motion analysis),
Castagna et al. (2009) had previously invcsngatcd game activities
and showed that high-i ity 1 g (=155 km-h™!) and
sprinting (=183 kmh™') ac-:oumcd for 12 and 5% of the whole
match duration, respectively. Furthermore, players performed a
sprint every 79s with an average distance of 10.5m, a duration
of 1.95s, and a recovery between sprints of <40s (Castagna
et al, 2009). According to Barbero-Alvarez et al. (2008), who
investigated the activity profile and match demands of an official
futsal match using a video-based system (AV Master 98—Fast
Multimedia), the distance covered during a match was 4,313
=+ 2,139 m and the mean distance covered per minute of play
was 117.3 £ 116 m. Morcover, the mean distances in walking
(0.37-3.6 km:h™') and jogging {3.7-10.8 km-h™') were 397m
and 1,792m, respectively, which represent 9 and 40% of the
total mean distance covered. The mean distance in medium
intensity activity (10.9-18 kmh~') was 1,232 m (ic., 28.5% of
total match), high-intensity running (18.1-25 km-h™!) 571m

(13.7%), and sprinting (>25.1 km-h™') 348 m (8.9%) (Barbero-
Alvarez et al, 2008). In a different study, professional futsal
players tracked over five matches (ie., using DVideo software
automatic tracking system) (Bueno et al, 2014) were reported
to cover a total distance of 3,133 m (2,248 interquartile ranges
[IQRs]) for the whole match and a total relative distance of 97.9
+ 162 during the 1st half and 90.3 £ 12.0 m-min~' during
the 2nd. These values were somchow lower than the ones found
by Castagna et al. (2009), which could be explained by the fact
that, in the latter study, players completed a simulated futsal
match comprising four sets of 10 min, with a 5min rest (i.c.,
different from an official game). The dissimilaritics in match
characteristics may have allowed players to maintain higher levels
of activity due to the shorter working period.

Examining the number of sprints performed during futsal
competition, Cactano et al (2015) observed, using a video
automatic tracking system, that players execute 26 = 13.3 sprints
throughout the match. A more thorough analysis of the sprint
demands noted that the most frequent repeated sprint actions
comprised two consecutive sprints and a recovery of ~15s.
However, sequences of three and four sprints and rest intervals
of 30, 45, or 60's have also been reported. Considering playing
position, there were no differences in sprint distance covered,
peak velocity, initial velocity, recovery time between consecutive
sprints, and number of sprints per min (Cactano et al, 2015).
This could be explained not only by the tactical and technical
characteristics of the sport (that make players more flexible
to changing or rotating positions) but also by the unlimited
number of substitutions or the possibility of playing with a "fly
goalkeeper” during match-play.

Comparing the Ist and 2nd halves, a study with Brazilian
elite players (Bucno et sl 2014) found that the percentage of
distance covered standing and walking was higher in the 2nd half.
Conversely, the distance covered at medium and high velocity
and sprinting decreased significantly when compared to the st
half (Bueno et al, 2014), which supported previous research
{Barbero-Alvarez ot al., 2008; Ribeiro et al., 2020). A related study
(Milioni et al., 2016) confirmed that the total distance (1st half:
1986 + 744m; 2nd half: 1,856 £ 129.7m) and the distance
covered by minute (1st half: 103.2 + 4.4 m-min~ !, 2nd half: 96.4
4+ 75 m-min~") decreased significantly from the 1st to the 2nd
half but found no meaningful differences regarding the number
of sprints or total sprinting time. Despite these inconsistencics, it
appears that intensity tends to decrcase as the match approaches
the final minutes, which may be due not only to increased fatigue
levels but also to tactical decisions (e.g., longer possessions or the
utilization of a "fly goalkeeper™) that “slow down” the game.

In an investigation analyzing international- and national-
level futsal competition, Dogramaci et al. {2011) reported that
elite teams covered a 42% greater total distance than sub-clite
teams did (4277 = 1,030m vs. 3,011 £ 999 m, respectively).
Morcover, the former traveled a 58% greater jogging distance
and covered a 93% higher distance while moving sideways or
backward and completed a higher total number of activities
(ie., 468 =+ 77 for elite; 306 % 81 for sub-elite) (Dogramaci
et al, 2011). Upon review of the included studies, it appears
that elite futsal players perform more high-energy metabolic and
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mechanical activities during competition with shorter recovery
times. Match-related fatigue may influence high-intensity efforts
and sprinting time from the Ist to 2nd half. From an applied
perspective, knowing the match demands, understanding the
differences in performance between the two halves and between
professional and i-professional athletes could be helpful
for strength and conditioning coaches and sport scientists.
These data may assist in developing more adeq match-
action-specific training strategics, thus enhancing performance
and potentially reducing the risk of injury. Interestingly, only
two studies (Ribeiro et al, 2020; Yiannaki et al, 2020) used
wearable technology (ic.. GPS or accelerometry) during the
games, highlighting the need for further research regarding the
description of the external loads experienced by players during
official competition.

Physiological Responses

Duc to the frequent intermittent high-intensity actions that occur
in most team-sports, researchers have long been interested in
understanding the physiological stress imposed during the match
by analyzing variables such as heart rate (HR), oxygen uptake
{VO3), or blood lactate concentration ([La]) (Spencer et al., 2005;
Impellizzeri et al, 2006; Ostojic et al, 2006). Particularly in futsal,
cight studies (Barbero- Alvarez et al., 2008; Castagna et al., 2009;
Rodrigues et al, 2011; Makaje et al, 2012; Charlot et al., 2016;
Milioni et al, 2016; Bekris et al., 2020; Yiannaki et al., 2020)
have i igated the physiological resp during a match
(Table 1).

Barbero-Alvarez et al. (2008) monitored the HR (Polar
Vantage NV) of 10 players during four competitive futsal
matches. The HRyen was 174 £ 7 b-min™! (range: 164-181),
which represented 90 + 2% (range 86-93) of HRy,,. With HR
being classificd based on the percentage of time spent in different
zones, players spent 0.3, 16, and 83% at intensitics <65, 85—

Distance covered (m)
NA
NA

Blood lactate
{mmolL~")
N
N

5 c
s :ws % ‘: E 65, and >85% of HRyy,,, respectively. Other data from official
HE # g matches, however, displayed slightly lower HR values (86.4 =
i g3 28 3.8% HRynyy) (Rodrigues et al. 2011). Comparing the two halyes,
Bg B2 different outcomes have been reported in the literature. On the
= & one hand, a significant decrease in the percentage of time spent
at an intensity >85% of HR ., was identified from the 1st to 2nd
S half (Barbero-Alvarez et al,, 2008). On the other, no meaningful
M & differences were found on HRypax (It half: 186.9 + 9.2 b-min ™}
s ¢ 2 s 2nd half: 185.7 £ 100 bomin ") and HRmean (15t half: 168.4 +
5] B 12.4 b-min™'; 2nd half 166.4 + 12.5 b-min~!) (Milioni et al.
- 5 2016). According to Castagna et al. (2009), the mean HRgp,y

achieved during a simulated futsal match corresponded to 90% of
the maximal treadmill test values, with peak values reaching 98%.
Based on these results, it appears that HR,, values during official
competition are lower than the ones achicved in a simulated
match (ie, 4 x 10min, with a 5min intermission); however,
more research is needed to darify the differences between the Ist
and 2nd halves.

Regarding VO, a study reported that the mean game
values (measured with a portable gas analyzer) were 48.6
mlkg ™' -min”" (95% confidence intervals [95% CIJ: 40.1-57.1
mlkg~!-min™!) and that players spent 46% of the playing time
(during a simulated match) at intensities higher than 80% of

Participants
m
14
18

b-min ! beats perminute; G contabnos nvavad G goakeenars KV, inferguanife ranges, m, meders; 0%, numbe; N, not rapomad; OF oufell (ayer S8 number of S0, Ve MEXIUM 0X/00 KB,

20)

Qi

1

SMeen game vefues Wi respect 1 maxm i treadmil et visles,

P M goo visbes of VO,

" Rarcontago of tofal ey dne

o,

Wafues epregsed &smean £ 50,

Fodrigues ot a. (011)
Yiarnidd alal Qf
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VOimax (Castagna et al,, 2009). Moreover, the mean and peak
values achieved during the modified game corresponded to 76

Biochemical Responses
To better understand the actual futsal match-play demands, and

and 99%, respectively, of the VO, obtained in a imal
treadmill test (Castagna et al., 2009). When it comes to official
competition data, an average i y of 79.2 £ 9.0% of VO2max
was achieved in terms of oxygen consumption (Rodrigues et al.,
2011). Concerning the accumulation of lactate ([La]), a [La]yan
value 0f 5.3 (95% Cl: 1.1-10.4) mmol-L ™! was reported after the
previously ioned simulated match inv d by Castagna
et al. (2009). Interestingly, and following the same pattern
observed in the other variables (i.c., HR and VOyp,, ), this value

following a more holistic approach to the study of the stress
imposed by competition, some researchers have investigated
different biochemical markers post-game. Particularly, three
studies (Moreira et al, 2011; de Moura et al, 2013; Bekris
et al., 2020) have focused on this topic. A biomarker associated
with responses to exercise is the salivary immunoglobulin A
(SlgA), and when decreased, its concentration may be a good
marker of excessive training (Petersen and Pedersen, 2005).
Moreira et al. (2011) collected imulated saliva les to

was higher than official games, in which [La] ;.. (analyzed by an
electrochemical lactimeter YSI 1500) of 4.8 4 2.3 mmol-L™* (1st
half) and 4.2 £ 2.2 mmol-L™" (2nd half) were found (Milioni
et al, 2016). Conversely, Bekris et al. (2020), using a portable
blood analyzer, displayed higher values of [La|meaq (15t half 14.9
+ 4.9 and 2nd half: 15.0 & 4.7) as the assessment was performed
throughout the match, when the player was taken out.

The knowledge about the physiological demands of futsal is of
paramount importance since it offers information concerning the
stress imposed upon the players during competition. The average
intensity of effort during the matches is high (mainly >85% of
HRy,y) with an important decrement of high-intensity efforts
between the two halves.

Neuromuscular Responses

High-intensity efforts (e.g., sprinting, jumping, and changes of
direction [COD]) play a significant role in team-sports. Several
studies indicate that stronger and more powerful players (ic.,
with better-developed neuromuscular capabilities) of different
sports are prone to accelerate faster, jump higher, and change
direction more rapidly (Newton et al, 2006; Loturco et al., 2016b;
Freitas et al, 2019). Morcover, it has been shown that sport-

igate the SIgA resp in professional futsal players and
observed a decline in absolute concentration, secretion rate, and
saliva flow following a futsal match, which proposes a general
risk for respiratory tract infection incidence. Hence, according
to the authors’ rec dati actions should be held to
minimize contact with virus or reduce training load under such
conditions. Bekris ¢t al (2020) examined the biochemical and
metabolic responses as well as the muscle damage induced by
futsal competition and identified increased creatine kinase (CK)
levels and a reduced testosterone/cortisol ratio after the game
from blood samples collected from the forearm vein.

As it could be expected, given that different positions
have different demands and characteristics (Baroni and Leal
Junior, 2010; Ramos-Campo et al, 2014), dissimilar stress levels
occur in the biochemical and i Goall
have been reported to have a slgmﬁcamly higher lactate
dehyd ion and [L-6 when compared to on-
coun phyrrs after the match; however, no differences in serum
CK were obtained among positions (de Moura et al, 2013). In
practical terms, results from the hiterature suggest that futsal
competition promotes a decrease of plasma SIgA, increased
muscle soreness, CK levels at post and post 24 h, and different

conc

specific activities such as kicking or tackling are also influenced
by the ability of an athlete to gencrate greater levels of force
and power (Margucs et al, 2007; Loturco et al, 2016a). With
this in mind, four studies (Cactano et al, 2015; Milioni et al,
2016; Milanez et al., 2020; Ribeiro et al., 2020) investigated the
neuromuscular outcomes during and after a futsal match.

Of note, apart from the increases in sprint time from the st to
2nd half discussed above, important alterations in neuromuscular
function have been identified after a futsal match (Cactano
et al, 2015; Ribeiro et al. 2020). Particularly, dccremcms in
peak force and voluntary activation (ic., of

stress T any p These findings should be
considered by coaches, strength and conditioning professionals,
and nutritionists in order to maximize athletes’ performance.
Useful strategies may be the utilization of different techniques
to avoid overreaching in futsal players; for instance, antioxidant
supplement, omega-3 fatty acid, and anti-inflammatory drug
intake, as well as reducing the training load.

fatigue) were present following match-play;

Player Characteristics

Anthropometrics

A p ic characteristics (i.e., height, body mass, and body
these ¢ ition) are 1 comp of physical fitness as

were significantly associated with a reduction in running actions
(i.c., repeated high-intensity efforts and sprints) (Miloni et al.,
2016). Nevertheless, future studies arc necessary to better
clucidate the mechanisms (i.c., if peripheral or central in origin)
impairing performance and the time-course of recovery (ic.,
when do values get back to pre-competition levels) following a
futsal match. Therefore, coaches and strength and conditioning
specialists are advised to closely monitor the training and
competition load and p post-mntch recovery straugu-s to
minimize injury risk and to p i " peak
neuromuscular performance lhmughoul the scason md during
match-congested periods.

it is wcll-acctptcd thaL for example, excessive body fat can
potentially impair performance in team-sports ( Vils Suarez et al,,

2008). Conversely, a greater percentage of muscle skeletal mass
tends to increase sport performance as it contributes to energy
production during high-intensity activities and enhances athletes’
force production capabilities (Vila \unrcr et al., 2008). In this
context, several studies have i igated the anth ic
characteristics of futsal players with the database scarch yielding
10 articles (Baroni and Leal Jumor, 2010; Gomes ot al, 2011;

Jovanovic et al., 2011; Garrido-Chamorro et al., 2012; de Moura
et al, 2013; Pedro et al., 2013; Ramos-Campo et al., 2014; Galy
et al, 2015; Nikolaidis et al., 2019; Lopez-Fernandez et al., 2020).
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In general, elite futsal players have been reported to weigh, on
average, ~70kg, to measure ~1.76 m of height and to display
~15% of body fat (Jovanovic et al, 2011; Garrido-Chamorro
etal, 2012).

Investigations comparing clite players with their sub-clite
counterparts found no significant differences in anthropometric
characteristics (Pedro et al., 2013; Lopez-Fernandez et al.,, 2020).
For example, Lopez-Fernindez et al. (2020) found similar
fat mass between elite and sub-clite players. However, dite
players demonstrated higher lean mass in the dominant and
non-dominant legs when compared to lower-level players;
moreover, the latter showed higher bilateral asymmetry in
fnt mass pacmtagc. No meaningful differences were found

I and semi-professional players in a sample
of Brazilian futsal players (Pedro et al, 2013). Therefore, it
is still unknown to what extent height and body mass may
be adequate variables to discriminate athletes from different
competition levels.

Regarding playing p research indicates significant
differences on anthropometric characteristics (Baroni and Leal
Juniar, 2010; Ramaos-Campo et al., 2014). In a study comparing
body fat percentage among p iti pivots pr d the

highest value, followed by g backs. and, lastly, wingers
(Ramos-Campo et al., 2014). In contrast, a different investigation
(de Moura et al, 2013) found that goalkeepers were slightly
taller and heavier and had a higher percentage of body fat (1.78
+ 32cm, 74 £ 25kg, 13 £ 2%, respectively) than defenders
(1.74 £ 1cm, 69 £ 2kg, 10 = 2%), wingers (1.69 £ 3cm, 68
+ 2kg, 11 £ 2%), and pivots (1.73 + 2cm, 71 % 2kg, 10 £
2%). Similar results were found by Baron: and Leal Junior (2010),
who indicated that the 22 goalkeepers comprised in the study’s
sample were significantly heavier and taller than their 164 on-
court counterparts. The lack of significant differences in body
fat among on-court players could be explained by the fact that,
in futsal, playing positions are highly variable during the game
becaus: of lh: l:mcnl behaviors that require players to perform
i ds in order to adapt to the team’s
lacncal syslcm It should be highlighted, however, that it is not
clear whether the higher body mass reported for goalkeepers
consists of fat or muscle mass. Given the paucity of data and lack
of dear reporting, further research is required to better clarify
the positional differences in anthropometric characteristics of
futsal players,

In summary, according to the literature, futsal players display
a low percentage of fat, which seems to be commonplace among
players from different playing on-court positions and different
competitive levels. This information may be important to adjust
training programs and should be considered on young talent-
detection practices.

Physiological Characteristics

The acrobic energy system has a crucial role in futsal match-play
since it is well-established that this system improves recovery
after high-intensity exercise (Helgerad et al., 2001; Tomlin and
Wenger, 2001). Futsal players perform around 4km in a match,
with freq bouts of repeated sprints, ACC, and DEC with

short recovery times, which supports the importance of a well-
developed acrobic energy system (Barbero-Alvarez et al, 2008;
Ribeiro et al, 2020). In addition, as reported above, players
achieve mean and peak VO, values during competition which
correspond to their 76 and 99% of VO, respectively. Upon
review, 31 studies (Barbero-Alvarez et al., 2009; Gorostiaga et al,,
2009; Baroni and Leal Junior, 2010; Castagna and Barbero-
Alvarez, 2010; Milanez et al., 2011; Makaje et al,, 2012; Boullosa
et al, 2013; Oliveira et al, 2013; Pedro ¢t al,, 2013; Cuadrado-
Penafiel et al, 2014; Miloski et al,, 2014; Soares-Caldeira et al.,
2014; De Preitas et al., 2015, 2019; Galy et al,, 2015; Garcia-Tabar
et al, 2015; Charlot et al., 2016; Florano et al., 2016; Nakamura
et al, 2016, 2018; Nascr and Ali, 2016; Barbieri et al, 2017;
Barcelos et al,, 2017; Valladares-Rodriguez et al., 2017; Nogueira
et al, 2018; Zarebska et al, 2018, 2019; Farhani et al, 2019;
Nikolaidis et al., 2019; Texeira et al. 2019; Wlodarczyk et al,
2019, 2020; Bekris et al, 2020) have looked at the physiological
characteristics of elite futsal players (Table 2).

Considering competition level, elite and sub-elite players
display dissimilar acrobic capacities (Barbero-Alvarez ot al,
2009; Makaje et al, 2012; Pedro et al, 2013; Naser and Al
2016, Farhani et al., 2019). For example, VO2max values of 62.9
+ 53 mlkg' -min~! were reported for elite vs. 552 £ 57
mlkg™'-min~" for sub-elite athletes. Morcover, elite players
presented a VO, at a y anacrobic threshold (VT;)
of 44.4 + 4.6 mlkg "-min~" while sub-clite displayed 39.1 £
4.0 ml-kg ™' -min~! (Barbero-Alvarez et al., 2009). Interestingly,
a study found no significant differences in VOype and VO,
at VT, (in an incremental test in which players used a gas
analyzer) but reported that the speed at VT2 (Sw2) and speed
at VOimux (Svermax) were significantly higher in dite players
when compared to their sub-elite counterparts (Syp: 112 £
1.0 vs. 100 = 1.2 km-h™); Sygamue 17.5 = 09 vs. 152 +
1.0 km-h™!) (Pedro et al. 2013). Similar results were found
elsewhere, when comparing clite, sub-elite, and social futsal
players, using the distance covered in the Futsal Intermittent
Endurance Test (FIET) (Naser and Ali, 2016). Elite players
covered a greater distance (1,378 £ 228m) in relation to
sub-elite (1,018 = 133m) and social players (781 £+ 220m)
(Naser and Ali, 2016).

A detailed look at the published studies portrays that different
kinds of tests have been used to assess acrobic performance in
futsal (e.g. Yo-Yo IR1-IR2, FIET, 30-15 Intermittent Fitness
Test, Futsal Circuit, and Carminatti’s test) and that fitness field
tests may be useful to evaluate the acrobic capacity on elite players
(Castagna and Barbero-Alvarez, 2010; Boullosa et al, 2013;
Garcia-Tabar et al.. 2015; Floriano et al,, 2016; Barbieri et al.,
2017; Valladares-Rodniguez et al., 2017). For example, a study
by Nakamura et sl (2016) showed that Brazilian elite players
covered 1,500 £ 287 m in the Yo-Yo IRI test whereas a sample
of under-20 players completed only 1,264.0 + 397.9m. Thus,
it appears that such type of protocols may differentiate athletes
from different age categories. A practical way to apply these
field tests is through their impl ion as part of the training
routine as they may be equally useful for training purposes and
performance monitoring. Morcover, the tests are inexpensive
and nced little cquipment and few resources and player
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motivation could be increased when tests are leted with

the hall

The present findings suggest that physiological capacities
may help discriminate superior-level futsal players since elite
competitors display slightly higher VO2max and VT2 values and
obtain superior scores in different field tests in comparison
with their sub-elite counterparts. Moreover, on-court players
have greater acrobic capacity when compared to goalkeepers.
Strength and conditioning coaches and sport scientists should
focus on designing training drills that favor the improvement of
the aerobic capacity to prepare players to cope with the demands
of match-play.

Neuromuscular Characteristics

Strength capability

Strength and power capabilities are key components in most
tum-spons. Several studies have presented that stronger and
more p 1 players of diffe modalities tend to be faster,
have bettcr COD ability, and jump higher (Wilson et al, 1993;
Newton et al, 2006, Freitas et al, 2019). In this context, four
studies (Cuadrado-Penafiel et al., 2014; Vieira et al, 2016; De
Lira et al, 2017; Nunes et al. 2018) investigated the strength
capabilities of futsal players (Table 3). Utilizing an isokinetic
dynamometer, different authors (Vieira et al, 7016 De Liraetal,
2017: Nunes et al., 2018) assessed elite futsal p 4 gth

Jumping ability

Data from futsal competition indicates that players perform
multiple high-intensity efforts (i.e., jumping, sprinting, or COD)
(Caetano et al., 2015; Ribeiro et al., 2020). For that reason, and
considering that lower-body powerful actions are determinant
during the match, several researchers have investigated power-
related capacities of futsal players. Particularly, 14 studies
(Gorastiaga et al, 2009; Gomes et al., 2011; Cuadrado-Pefaficl
etal., 2014; Soares-Caldeira et al., 2014; Galy et al,, 2015; Miloski
et al, 2016; Nakamura et al, 2016; Naser and Ali, 2016; Loturco
ctal., 2018; Nogucira et al., 2018; De Freitas et al, 2019; Nikolaidis
et al, 2019; Teixcira et al, 2019; Nunes et al, 2020) assessed
clite futsal players’ jumping ability (Table 3). For example, an
investigation with 63 professional players reported jump heights
(measured with a contact mat) of 37.8cm in the squat jump
and 38.5 cm in the countermovement jump (CM]) as well as bar
mean propulsive and peak power outputs of 9.2 and 20.4 W-kg ™',
respectively (Loturco et al, 2018). Similar values for the CM]
were reported elsewhere (Gorostiaga et al., 2009).

Considering the different levels of futsal players, Naser and
Ali, 2016 identified no significant differences in CM] height
between elite and sub-clite futsal players. Despite the need
for players to execute vertical jump actions during futsal
competition, it scems that these may be less determinant for
performance when compared to other sports, such as soccer.
Based on the studies that have assessed vertical jump height, it

levels by reporting peak torque values of the quadrkcps nnd
hamstrings. De Lira ef al. (2017) reported that peak torque values

at 60”5 of the dominant leg were 223.9 £ 33.4 N-m for the
quadriceps and 128 &+ 27.6 N-m for the hamstrings, while the
non-dominant leg displayed values of 224 + 35.8 N-m and 124.1
<+ 20.1 N-m ™" for the knee extensors and flexors, respectively.
The H/Q ratio was 0.58 £ 0.1. Interestingly, when the mixed
H/Q ratio (i.c., hamstrings eccentric angular velocity of 30°.s™"
and quadriceps concentric velocity of 240°-s™") was assessed in
the preferred and non-preferred limbs of 40 players, significant
contralateral differences were found on knee flexors’ eccentric
contractions and in the H/Q ratio in favor of the preferred
limb (Nunes et al, 2018). Only one study assessed the one
repetition-maximum (1RM) on the half-squat exercise in order
to characterize futsal players’ strength qualities (1RM: 94.73 +
17.01 kg) (Cuadrado-Penaficl et al, 2014).

Considering the previous, more research is clearly needed to
investigate the force production capabilities of futsal athletes, as
the vast majority of research utilized isokinetic dynamometry.
Accordingly, the dominant leg seems to be stronger (ic., reach
higher peak torque values) than the non-dominant leg. Based
on this information, strength and conditioning specialists should
be aware that unilateral strength testing may be necessary
to allow preparing specialized and tailored training plans to
maximize lower-body strength and attenuate the likelihood of
injuries. However, given that isokinetic testing is extremely
time-consuming, expensive, and not practical to use in real-
world scenarios, other exercises (e.g., half-squat, split squat,
hip-thrust, or deadlift, isometric tests) should be implemented
when assessing lower-body strength,

pp that elite futsal players do not display greater jumping
lblllly thnn their sub-elite conntcrpans. potentially due to the
d influence of | g ability in the game. However, it
has been shown that thc succssful application of vertical ground
reaction forces (i.e., as in vertical jumping) may play a significant
role in multiple athletic actions (e.g., sprinting or COD) (Loturco
et al., 2019). For this reason, strength and cundmonmg coachcs
are encouraged to indude multipl I and
Jumping tasks in their training p to lower-body
power and, consequently, pcrfarmam.c of elite futsal players.

Sprinting ability

Data from match demands demonstrates that futsal players
perform ~26 sprints with an average duration of 2-4s over 8-
20m (Cactano et al, 2015). Considering that, several authors
(Gorastiaga et al., 2009; Galy et al, 2015; Charlot et al. 2016;
Miloski et al, 2016; Nakamura et al, 2016; Naser and Ali, 2016;
Loturco et al, 2018, 2020; De Freitas et al, 2019; Jiménez-
Reyes et al, 2019; Nikolaidis et al, 2019; Sekulic et al, 2019;
Teixeira et al, 2019; Nunes et al, 2020) investigated the sprint
performance of futsal players (Table 3). Loturco et al (2018)
utilized photocells to cxamine sprint capabilities and found
velocities (i.c., average velocity derived from time and distance)
of 481 £025m-s™" (5m), 568+ 0.19 m-s™! (10m), and 6.61 +
0.22 m-s~' (20m) in elite futsal players. Regarding acceleration
ability (i.c., calculated as the rate of change of velocity with
respect to time), the same study reported values of 4.64 £ 0.50
m-s~* for 0-5m, 1.22 4 0.22 m-s~* for 5-10m, and 0.74 £ 0.09
m-s" for 10-20m. Gorostiaga et al. (2009) assessed 5 and 15m
sprint times (not velocities) of 15 players (using photocell gates)
and found values of 1.01 = 0.02 and 2.41 £ 0.08 5, respectively.
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TABLE 3 | Surrenary of neuromiuscullr charsclesistics.

Study Participants  Level Strength Jump (cm) Sprint con ()
)
Cnarot et ot 10 Eitle NR NA 5m:100=007s NR
@016 10m: 172 10078
15m: 238 + 0058
30m: 4200118
Cuhihari-Padated 12 il 1AM Squat: 9473+ 17.01 kg CMES3S9+5209 NAR NR
g 2014)
De Freitas ot al. 10 Eitle NR Si:348=32 16M243+012's NR
(2019 CMLE3BE 41"
DeLrastal 30 Sub-Eite 60°s' BdaDom:2239+332 NR NR NR
2017) N Bt N-Dom: 224 £ 36.8
Flex Dom: 128+ 27.6
Flax N-Dom: 124.1 £ 201
Galy &t ol (2015) 2 Hite NR MEL-G: MEL-G: T-Test BOA180°):
OMJ. 50,44 £ 588 Sm 141 £011s MEL-G
NMEL-G: 10m: 218+ 0128 10.47 £ 0.58s
CML 4516+ 4.32 15Mm: 282 2 0.158 NVEL-G
0m:A72£017s 1.0t £ 064s
NMEL-G:
Sm: 135+ 0083
10m:2.13£013s
15m: 28420128
30m: 480 %0158
Gomes e 4l 2 Hite NR Sk3B74x428 NR NR
@0ot1) S742+485
3661 +528
CMJ: 38884
3972+ 508
3848 £ 480
Goroatiage of o, 15 e NR CME3ET 41 5m.1.01 =002s NR
(2009) 15m: 241 £ 0.08s
Amirer-Peyes ] i NR NA Sm: 136+ 0048 NR
e g 2015 20m: 336 £ 0.08s
10 Sub-ERe 5m:1.40 = 0.028
20Mm: 3460043
Loturco e1 . &3 Hite NR SJ:37.82+ 710 Sm: 481 026 ma! Zg-zag (1007):
2016 CMJ), 38,50 + 4 88 10m: 568 £0.19ms"" 352201 1ms"
20m: 661 £ 022ms"’
Leturco ¢ 62 it NR NA SmaTa:022ms ' Zig-23q (100°):
(020 10m: 567 £023ma"" 352 £0.18me""
20m 662 =0.25ms™’
COD-Daf zig-2ag
(100}
309+£D25ma’
Mioski 2 o 12 Hils NR Q475 £55 Smc1.10+ 008" = T-Test 90N180":
R016] 20m 3140118 924 £031"s
INescanmars f al 18 Ete NR Sk37.75+383 5m: 1.05 +004s Ziy-2a0 (100°):
(2016 CMJ, 38.22 + 4 42 10m:1.78 £ 006 571 x022¢
20m:3.06 =0.10s
Nassw sndt AY B Eite NR CMLES214+42 Sm1.00+0048 NR
(2016) 10m: 1.75 £ 0038
20m: 2990048
B Sub-Elte CML4298+38 5m: 1.08 = 0.02s
10Mm 17840008
20m: 305 £ 004s
MNixoinics af al 16 Eile NR ABK:-389+ 81 0Om185+0128 NR
(@019) 200m:318:0.17s
Nogusina & o 15 Eie NR S 3831 = 4.08° NR NR
2018 CMJ: 40.11 £4.73°
DU:3B.33+4.75*
[Continued)
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TABLE 3 | Contrusd

Study Pllﬁrh Level Strength Jump {cm) Sprint €OD (7}
Nurwe et @, @018 40 Hite €0°e”" Bt Pref 2147 2236 NR NR NR

(N Ext N-Pret: 2165+ 516
Flex Pref: 1366 + 31.7
Flex N-Pref 1358+ 3
240%™ Ext Pref: 1781 + 5318
(N ExtN-Pret 1768 £ 52
Flex Pref: 1243 + 40.3

Flax N-Pref. 115.8 £ 36.1

30°% ' Ece  ExtPref: 298 £ 75.7

(Nm)  ExtN-Pret 2772273
Fléx Pret; 1735 + 35.8

Flax N-Pref. 162.9 £ 0.8
120" .5~ EccExt Pref- 209.3 + 664
INm)  Ext N-Pret: 277.3 4 661
Fléx Pref: 1857 + 35.8

Flex N-Prel 172.7 + 58

Murwe &8, ¢ 20 Bite NR Sk3ee+32* S 1.07 0084 e NR
357 £36 10840058
o394 =34° 10m: 139 £ 008 s
386=33 137 4£008 %
15mM: 252+ 0.06*s
252+0.10%s
Sekic A s 2 Bitle NR NR 10m: 1.683 £ 0078 CO0S_DO (38°
2018 2394019
COOS_DND 38°):
257 £0.168
CODS_TD 38
203 £0118
COD_TND 38
231 +0.128
20 Sub-Elte 10m: 1.69 £0.118 CO0S_DO (38°):
257 £0.228
COOS_DOND 38°):
28540158
CODS_TD 38°):
208 +0.14s
OOD_TND 38°)
22340108
Scares-Coldera & Bne NR 8k33.13+£ 576 NR NR
ata (2014) CMJ: 3882 + 639
7 e SJ:34.47 £2350
CM): 4277 £278
Tedxes of & 23 Site NR Sk34.42 2415 5mM: 4.75 + 0.48° ma~' NR
2018) CM.:35.37 £ 385 15m:821 £03™ ms™'
Viara o & 2078 7 Bite 60"~ Ext Don: 253.31 £ 3381 NA NR NR
(Nl Ext N-Dom: 244.83 = 2478
180°4~" Ext Do 18404 + 1884
{Nm)  Ext N-Dom: 182.86 = 20.17
300° 5" Ext Doen- 138.59 + 17.27
INm)  ExtN-Dom: 142.33 = 1877
Vatses expressed ax mean = S0,
*Fre-nisyvention vabms.
ABK, Abexiakoy jump fest; cm, CML ) CO0, change of drection; COO-Det, change of decdon Deiicit CODS_DD, changs of drection damsnant

log with bad; CODS_OND, mdnrmdmmmqmmoms 0, change of dimction of daminant lag without bal COOS_TAD, change of drection of non-
dovminant deg withowt bal; Dom, dorunant kegy Eoc, ecoantac: Ext, extensor; e, Sl MU, hoizontal jemp tect: L left ing; MEL-G. groun; NMEL-G.
group: ', number; N-Dom, non-dominant leg: N-Pref. non-prefred lag; MR not reporfed; Pref, prefermed lege R, noht ing; 3, seconds.
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Regarding competition level, a training approach based on
the force-velocity profile found that Ist-Division futsal players
sprinted 5m in 1.36 £ 0.04s and 20m in 336 £ 0.09s while
2nd-Division players demonstrated lower sprint performances
(53 m: 140 £ 0.02s; and 20 m: 346 £ 0.04s) (Jimencz-
Reyes et al, 2019). Along the same lines, other studies {Naser
and All, 2016; Sekulic et al, 2019) observed that elite futsal
players run faster over 5, 10, and 20m than sub-clite or
social players.

From the above information, it appears that elite players
tend to display higher sprinting ability when compared to
their sub-elite peers, although further research is necessary.
Nevertheless, given that the majority of the published literature
indicates that higher-level players tend to be faster, short sprints
should be seen as an important training stimulus that may
enhance the players’ ability to succeed at superior competition
levels, where match demands are greater.

Change of direction ability and agility

COD is one of most important cfforts in futsal due to the
rapid changes of activity during the match. COD relies on a
series of anthropometric (e.g., height, leg length), physical (e.g.,
lower-body and trunk muscular strength, speed-power-related
capabilities), and technical aspects (e.g., stride adjustments,
foot placement) (Jeffreys, 2008; Percira et al, 2018). In this
context, six investigations (Galy et al. 2015; Milosks et al,
2016; Nakamura et al, 2016; Loturco et al., 2018, 2020; Sekulic
et al, 2019) have performed an in-depth analysis of this
paramount ability in futsal players (Table 3). In a study that
examined COD performance on different sports, including futsal,
players performed a zig-zag test consisting of four 5m sections
marked with cones set at 100° angles. The results found that
futsal players obtained a COD velocity of 3.52 + 011 m- s_'
{Loturco et al, 2018). When a ¢ L
from the same research group nsmscd the "COD dcﬁcn (Le.,
the difference in velocity between a linear sprint and a COD

develop ACC-DEC capabilities through the use of other training
approaches (ic., resisted sprints, horizontally oriented power
exercises, or eccentric training) given the importance of COD
mancuvers in futsal.

LIMITATIONS

Some limitations should be when considering the
present research. Firstly, the number of studies assessing each
variable is quite different, which means that the evidence level is
dissimilar among variables. For example, there are more s!udxcs
describing the match-play d ds via time

than describing the strength or COD capacities of futsal players
Secondly, the instruments, tests, or data collection procedures
differed among studies, which precluded a direct comparison
and interpretation of the data in some occasions. Further
studies are still necessary to have a clearer picture of the futsal
match-play demands, particularly, using new technologies (e.g..
GPS or accelerometry-based). In addition, more research into
the athletes’ physical characteristics and performance outcomes
(and how they fluctuate across a competitive season) would
bring further understanding on the neuromuscular profile of
futsal players.

dd 1

CONCLUSION

This systematic review provides useful information for strength
and conditioning coaches and sport scientists regarding the
match demands, anthropometric characteristics, and physical
qualities of elite and sub-elite male futsal players. The results
indicated that futsal is characterized by intermittent high-
intensity activities with a great number of ACC, DEC, and
sprints; short recovery times between them; and multiple COD
actions during match-play. The abundance of these types
of efforts produces important decrements in physiological
a.nd neuromuscular responses between the two halves and

task of equivalent distance) for the first time in futsal, play

from this modality were found to be more efficient than soccer
players at changing direction but displayed COD deficits similar
to other team-sports (i.c., rugby and handball players) (Loturco
et al, 2020). Of note, a unique investigation (Sckulic et al,
2019) designed a "Y" -shaped pattern test to eval COoD

diately following match-play. Moreover, biochemical
responses appcar to be affected up to 24 h after the match.
Comparing competition level, differences were observed in
match demands, with elite players covering higher distance,
performing more high-intensity actions, and presenting lower

and agility in futsal with and without ball using a timing
gate system. The COD and agility assessments without the ball
requested participants to touch the ball and change direction;
with ball, players had to dribble and conduct the ball during
the execution of cach test. In the COD test, participants had
advanced knowledge of the task and knew which cone would
light up. In contrast, the agility drill was not planned, and
players needed to identify a stimulus and react accordingly. The
results demonstrated that both tests were reliable after trials of
submaximal intensity, with lower reliability of the non-dominant
leg (Sekulic et al,, 2019).

In y, further i gations regarding COD ability
are d in futsal. Strength and conditioning coaches should
implement COD training during tactical-technical sessions or

4

ding time when compared to sub-elite players. An analysis
of the anthropometric characteristics of futsal players showed
low percentages of body fat with no differences between on-
court players of different positions or level of competition.
However, goalkeepers were found to present higher body fat.
Regarding the physiological characteristics of futsal players,
these display VO, values of around 62 mlkg™'-min~'.
Elite futsal players possess higher VOamax, when compared to
their sub-elite counterparts. From the present review, it can
be concluded that further investigation on the neuromuscular
capabilities (i.c., strength, jumping, and COD) of futsal players
is warranted. Still, it appears that elite futsal players present
better sprinting abilities when compared to lower-level players
but that jumping capacity seems not to differentiate between

ition levels. Futsal players aiming to compete at the

14
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highest level should focus on developing maximal speed,
lower-body power and strength, acrobic capacity, and lean
muscle mass.
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ABSTRACT ARTICLE HISTORY

This study aimed to describe the current practices in futsal regarding a variety of topics related to  Acceptad 2 November 2022
performance and injury risk mitigation. Thirty-seven coaches from Spain and Portugal completed L=t

a questionnaite consisting of 28 closed questions organized in four categories: a) background informa- Yesirisportss fveaiide
tion; b) training load (TL) i g and of players’ physical qualities; ¢) strength training (.. performance
(Sl)pmcﬂces.andd)recuverymo hods. The results sh d that coaches varied in experience (1-8 ’

years) and age (from 20 years to >50 years). Overall, 97.3% of the participants declared monitoring TL,
with rating of perceived exertion, heart rate monitors, and wearable technology being used by 86.5%,
40.5% and 373%. mspecuvely Neuromuscular and strength testing are the most common practices to

e during the season. ST Is a significant component of futsal, being
performed 3 times/week duﬂng the pre- and in-season. ST is prescribed via %1RM - XRM (59.5%),
velocity-based training (21.7%), repetitions in reserve (18.9%), until failure (10.8%), and circuit training
(2.7%). ‘Better Monitoring’, ‘More Individualized', ‘Better Facilities', ‘More Staff’, and ‘More Time' were the
main aspects to improve ST. Multiple post-match REC strategies are used, with durations ranging from 0-

15 to 16-30 min independently of game location.

Introduction

Futsal is a high-intensity intermittent sport, in which players are
exposed to considerable physiological, neuromuscular, and
biochemical stress during the game (Spyrou et al. 2020). Match-
play data indicate that futsal players cover a total distance of
~4000 m, of which ~675 m are spent running (12-18km - h™")
and ~130m sprinting (>18km . h™"), perform ~70 high-
intensity accelerations and decelerations and complete ~170
changes of direction (Ribeiro et al. 2020; Spyrou et al. 2021). in
addition, a recent study (llla et al. 2020) reported that, during
a training microcyle, elite futsal players may encounter very
high demanding scenarios in terms of locomotor and velocity
metrics, reaching values similar to those observed in match-
play. As such, not only competition load but also the load
players experience in training should be closely monitored.
Strength and conditioning coaches (S&Cc) use training load
(TL) as an essential tool to prepare tailor-made training plans
and control the volume and intensity of the training sessions
(Eckard et al. 2018). The consensus statement of the
International Olympic Committee on load in sports and the
risk of injury states that a successful TL monitoring system is
fundamental to ensure adaptation to stress, maximize physical
performance, and possibly minimize the risk of injury (Soligard
et al. 2016). The load can be considered as either internal,
defined as the physiological or psychological stress imposed
on the athlete (Le., rate of perceived exertion [RPE], heart rate
[HR]), or external, the objectively measured work performed
[e.g. distance covered, number of accelerations or running

speed]) (Halson 2014). Both internal and external load metrics
are commonly used for managing the TL in team-sports (Halson
2014; Phibbs et al. 2017). However, when it comes to futsal, it is
undlear which methods are the most utilized by current S&Cc
from professional teams to monitor the TL and player's physical
capacities over the season.

Another important strategy commonly used by S&Cc to
reduce injuries In sports (Lauersen et al. 2014, 2018) and
enhance physical performance (Rennestad and Mujika 2014)
is strength training (ST), due to its well-documented benefits.
For example, Case et al. {2020) found that the maximum pre-
season relative back squat strength differed between injured
and uninjured males (i.e, football) and female athletes (ie,
softball and volleyball), with significantly lower values found
in athletes that sustained an Injury during the season.
Ronnestad et al. (2011) observed that a weekly ST was enough
to maintain strength, sprint, and jump ability during the com-
petitive season, whereas completing only one ST session
every second week resulted in a reduction in strength and 40
m sprint performance in professional soccer players. In futsal,
Torres-Torrelo et al. (2018) concluded that light load and low
volume ST performed twice a week (as a complement to spe-
cific futsal training) led to improvements in physical perfor-
mance, further supporting the importance of training for
strength development during the season. Still, to date, little is
known concerning ST and its characteristics (L.e,, session dura-
tion, frequency, and exercise prescription) during normal (e.g.,
one game/week) and congested (e.g., two or more games/
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waeek) weeks in futsal. Thus, understanding the ST practices
from professional S&Cc may provide important information to
other practitioners regarding the training characteristics, meth-
ods, and programming strategies currently being used in real-
world scenarios.

Futsal competition, as shown in different studies (Spyrou
et al. 2020; Nem¢i¢ and Calleja-Gonzalez 2021), produces sig-
nificant post-match acute and residual physiological, neuro-
muscular, and biochemical alterations. Neuromuscular
capabilities (e.g, peak force) and biochemical variables (e.q.,
creatine kinase and testosterone/cortisol ratio) may change
significantly following match-play (Milioni et al. 2016; Bekris
et al. 2022), despite the fact that, in futsal, the number of
substitutions is unlimited. Hence, recovery (REC) plays
a crucial role when preparing players to cope with the stress
they are submitted to during the competitive season. In team-
sports, REC methods can be focused on physiological (i.e,
active REC, rest, and sleep), physical (i.e., water immersion,
contrast therapy, stretching, and massage), psychological, and
nutritional (i.e., supplements, nutrition) aspects (Calleja-
Gonzdlez et al. 2016). Nevertheless, literature on the REC
strategies used in futsal is scarce, especially in terms of the
methods employed, its frequency and duration, and the differ-
ent practices according to game location (Le., ‘home’ or ‘away’)
(Nem¢i¢ and Calleja-Gonzélez 2021).

Considering that futsal is an emerging team-sport and that
there is still a paucity of research on several important topics
(e.g., TL and fatigue monitoring, physical preparation, and REC),
characterizing the way S&Cc work in real-world contexts is of
interest. This valuable information may allow determining the
current strengths, weaknesses, and opportunities for improve-
ment to further develop futsal science and practice. Therefore,
the present qualitative study aimed at describing the practices
of futsal S&Cc considering 1) the TL monitoring and player’s
physical capacity evaluation practices across the season; 2) the
characteristics and prescription of ST during normal and con-
gested weeks; and 3) the REC strategies and methods following
‘home’ or ‘away’ games. There was no leading hypothesis, and
the questionnaire was designed to answer the three main
research questions declared above.

Material and methods
Study design

An exploratory study was designed to provide descriptive infor-
mation about TL monitoring, players’ performance and fatigue
assessment practices, and ST and REC strategles in professional
futsal. Data were collected from S&Cc working in Spain and
Portugal.

Participants

Thirty-seven male S&Cc (age range: 20 to >50 years; professional
experience range: 1 to >8 years), working in the 1%, 2™, or 2™8
divisions from Spain (n = 24) and Portugal (n = 13), volunteered
to take part in the study. According to the inclusion criteria, S&Cc
should: a) work in the men's 1%, 2" or 2"°B divisions and
women’s 1** division and b) answer all the questions of the

survey successfully. Data were excluded if S&Cc: a) did not work
in the above-mentioned divisions or worked exclusively within
the club's academy (i.e., youth categories) and b) did not com-
plete the survey or completed it only partially. All participants
were informed of the benefits and risks of participating, and
informed consent was obtained before undertaking the ques-
tionnaire, with the approval of Local Ethics Committee with the
registration number CE072008.

Procedures

All S&Cc were contacted electronically to Introduce the study
and present the informed consent needed to participate in the
anonymous online survey. The questionnaire, adapted from
previous research (Taylor et al. 2012; Akenhead and Nassis
2016; Starling and Lambert 2018; Griffin et al. 2021) and devel-
oped using Google Forms, was sent by email with a web link
created with the mentioned platform. The data were collected
from February 2021 to April 2021. Responses were screened to
determine potential duplicates and questionable answers, such
as untruthful, unrealistic, or unfinished responses. The survey
consisted of four sections: a) background information (four
questions); b) TL monitoring and assessment of players’ perfor-
mance and fatigue (five questions); ¢) ST practices (thirteen
questions); and d) REC methods (six questions). All questions
(n=28) were closed, providing respondents with
a predetermined set of answers that included a comment box
‘other’ in the majority of them. Most gquestions allowed more
than one response because coaches could report using multi-
ple methods. Hence, some questions had more responses than
others. Pilot testing of the survey was conducted by all the
authors, then by two practitioners (S&Cc) to avoid ambiguity of
terms and ensure its validity for use with this population.

Statistical analysis

Statistical analysis was performed using the Jamovi
Statistical package (2020; version 1:8). Responses were ana-
lyzed using frequency analysis for each question and pre-
sented as absolute frequencies and percentages. Mean +
standard deviation (SD) was calculated for a single question:
The importance of strength in futsal’ as a 1-5 Likert scale (1
=not very important, 5=extremely important) was used.
Thematic analysis was conducted according to Braun and
Clarkes’ guidelines (Braun and Clarke 2006), previously used
in sport science surveys (Crowley et al. 2018; Griffin et al.
2021), with the following six phases: a) familiarization with
the data; b) generating initial codes; ¢) searching for
themes; d) reviewing themes; e) defining and naming
themes; and f) producing the report.

Results
Coaches’ background information

Thirty-seven coaches completed the survey. From the total
sample, 76.6% (n = 25) reported working in their respective
country’s men’s 1% Division, 5.4% (n=2) 2™ Division, 10.8%
(n=4) 2"B Division, and 16.2% (n = 6) indicated coaching in
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Figure 1. The percentage of the respondents answering the type of resources used to obtain information about their field of knowledge. S&C: strength and

conditioning

women's 1** Division. Regarding age, 35.1% of the practi-
tioners were 30-39 years old, 29.7% were 20-29 years old,
243% were 40-49, and 10.8% were >50years old.
Considering coaching experience, 432% of S&Cc declared
working in futsal >8years, 35.1% between 4 and 7 years,
13.5% between 1 and 3 years, and 8.1% had only 1 year of
experience. Finally, when answering the question ‘From
what type of sources do you obtain information related to
your area of expertise?, the three most frequent responses

Anaeroblk Capacity-
Aarohic Capacity
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Aglity'\Change of Directon:
Sprint (»10m)
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were 'Other S&C coach’ (86.5%), ‘Courses-Seminars’ (81.1%),
and ‘Experience’ (78.4%), as shown in Figure 1.

Monitoring practices

Figure 2 outlines the tests and time-periods used for
player's performance and fatigue evaluation during the sea-
son. S&Cc reported assessing body composition (81.1%),
vertical jump ability (72.9%), muscular strength (70.3%),

Anraaly
Thres lemes per yesr

100 0 20 @ 60

Frequency of responses (%)

Frequency of responses (%)

Figure 2. A) The percentage of the respondents answering the tests, and time-interval for player's performance assessment. B) The percentage of the respondents
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change of direction-agility (69.9%), anaerobic capacity
(54.1%), sprint (>10m) (51.4%), aerobic capacity (43.2%),
acceleration ability (<10m) (40.6%), and flexibility (27.0%),
in testing sessions organized on a monthly (29.7%), biannu-
ally (27.0%), trimonthly (21.6%), weekly (16.2%), or
bimonthly (10.8%) basis. Regarding player’s fatigue, vertical
jump ability (45.9%), muscular strength (24.3%), and HR
variability (21.6%) were commonly used, being tested
weekly (48.6%), trimonthly (16.2%), monthly (8.1%), or
bimonthly (8.1%). The most common method for recording
TL was RPE (86.5%) followed by external workload monitor-
ing with wearable tracking system (Global Positioning
System [GPS)/accelerometer) (37.8%), HR (40.5%), Acute-
Chronic Workload ratio (37.8%), and Total Quality Recovery
Scale - Wellness (10.8%). Only one (2.7%) S&Cc reported not
monitoring TL.

Strength training

Figure 3 depicts the frequency and the duration of ST
during pre-season and in-season. Overall, ST was considered
as ‘extremely important’ (4.8 +0.4) in futsal. During normal
weeks, S&Cc reported completing the first ST on the morn-
ing of Match-day (MD) + 2 (43.2%), followed by the after-
noon of MD + 1 (16.2%) or morning of MD + 3 (16.2%), and
afternoon of MD +3 (13.5%). Most ST sessions were
reported to last 16-30 min (45.9%), followed by 31-45 min
(29.7%), 46-60min (16.2%), 0-15min (2.7%), 61-75min
(2.7%), and >76 min (2.7%), and focused on full-body train-
ing (i.e., upper and lower limbs) (73.0%) and core (67.6%)
exercises. During congested periods, 18.9% of the S&Cc

reported not prescribing ST. Among those who do, most
indicated that ST is performed in the morning of MD +2
(27.9%), afternoon of MD+ 1 (16.2%) or MD + 2 (16.2%),
morning of MD+1 (10.8%), and morning or afternoon of
MD+3 (2.7%). In congested periods, ST sessions last
between 16-30 min (45.9%), 0-15min (24.3%), 31-45min
(18.9%), 46-60 min (8.1%), and 61-75 min (2.7%). The train-
ing session is centered on core (62.2%) and full-body
(45.9%) exercises.

Concerning ST prescription, the most used method
reported was %1RM - XRM (59.5%), followed by velocity-
based training (21.7%), repetitions in reserve (18.9%), until
failure (10.8%), and circuit training (2.7%). Finally, the main
aspects to improve related to ST, as reported by the S&Cc,
were as follows: ‘Better Monitoring' (73.5%), 'More
Individualized' {62.2%), ‘Better Facilities’ (55.6%), ‘More Staff
(35.1%), and 'More Time' (10.8%).

Recovery practices

Figure 4 summarizes the REC methods, moment of the applica-
tion, and duration after ‘home’ and ‘away’ competitions.
Following ‘home’ matches, foam roller (78.4%), active REC
(76.6%), nutrition (67.7%%), water immersion (64.9%), stretching
(51.4%), and supplements (51.4%) were the main REC strategies.
These were utilized after the match (54.1%), or afternoon MD + 1
(40.5%), and lasted 16-30min (56.8%), or 31-45min (29.7%).
Regarding ‘away' matches, nutrition (67.6%), foam roller
(55.9%), supplements (55.9%), and stretching (55.6%) are the
main strategies used by S&Cc. The most frequent moments of
application were reported to be after the match (43.2%), and
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afternoon MD + 1 (27.0%), with durations of 16-30 min (54.1%)
and 31-45 min (27.09%).

Discussion

To the best of authors’ knowledge, this is the first study to
describe the TL monitoring and physical performance assess-
ment practices and the characteristics of ST and REC strategies
in professional futsal. As such, the present findings allow an
overview of the current performance and injury mitigation stra-
tegies adopted by S&Cc in Spain and Portugal. The main results
were as follows: a) virtually all coaches reported monitoring TL,
most of them through the use of subjective tools; b) neuromus-
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of the application, and time range of the recovery session after a game at ‘home’. B)
of the application, and time range of the recovery session after a game at 'away’. MD: match-day.

obtained in professional soccer, where the majority of coaches
reported collecting HR data and GPS/accelerometry and only
a few utilized RPE and other subjective variables (Akenhead
and Nassis 2016; Loturco et al. 2022). A possible explanation
may be related to the fact that the use of GPS technology is
inoperable in indoor sports (Torres-Ronda et al. 2022), and that
local positioning systems must be installed in the team’s facil-
ities, which limits its application in, for example, ‘away’ games.
As a consequence, the use of wearable tracking systems Is
somehow limited in futsal (e, it is not possible to obtain
distance or velocity metrics), as only accelerometry data can
be analyzed (Torres-Ronda et al. 2022). Another potential factor
explaining the differences between futsal and soccer with
respect to TL monitoring is related to the economic disparities

cular and strength meast s are the les that

practitioners utilize to evaluate performance and monitor fati-

que; ) ST plays a crucial role in physical preparation in futsal and

a typical ST session program consists of 3 sessions per week

during the pre- and in-season; and d) multiple REC strategies

{i.e, foam roller, stretching, nutritional, and supplementation
gies) are used following 'home’ and ‘away’ matches.

Of note, the vast majority (97.3%) of the S&Cc from Portugal
and Spain reported monitoring TL (either internal or external) in
professional futsal, which is in line with previous studies in
high-level football and rugby clubs (Akenhead and Nassis
2016; Griffin et al. 2021). The most common method of record-
ing TL was the RPE with 86,5%, followed by HR and GPS/accel-
erometry systems that were used by 40.5% and 37.8%,
respectively. Interestingly, these results contrast with those

b 1 both sports since HR and GPS/accelerometry wearable
technology are expensive (hence, more difficult to implement
In futsal) and RPE is a ‘low cost’ solution. In support of this
notion, a previous study (Griffin et al. 2021) in amateur rugby
union found that the most common method to record TL was,
indeed, RPE. From a practical perspective, the present results
reinforce that, even in the absence of abundant economic
resources, monitoring TL during the season Is possible (and
recommended), as shown by the high percentage of S&Cc
that reported using subjective variables (e.q., RPE).
Considering player’s physical capacities testing across the
season, S&Cc generally evaluate body composition (81.1%),
vertical jump ability (72.9%), muscular strength (70.3%), change
of direction-agility (69.9%), followed by anaerobic capacity
(54.1%) sprint (>10m) {51.4%), aerobic capacity (43.2%), and
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acceleration ability (<10 m) (40.6%) (Figure 2). These tests are
usually conducted monthly (29.7%), biannually (27.0%), tri-
monthly (21.6%), weekly (16.2%), and bimonthly {10.8%).
Regarding player’s fatigue, S&Cc reported conducting assess-
ments mostly every week (Figure 2) with vertical jump height,
muscular strength, and HR variability being the variables most
commonly tested. Remarkably, it seems that neuromuscular
and strength capacity evaluations are used to evaluate both
performance and fatigue during the season with different fre-
quency between practitioners in futsal. These results are in line
with previous research (Taylor et al. 2012; McGuigan et al. 2021)
that have demonstrated that jump tests, strength measure-
ments, and sport-specific assessment protocols are commonly
used in other team-sports, implemented on a weekly or
monthly basis. Noteworthy, other studies (Akenhead and
Nassis 2016; Starling and Lambert 2018) presented that S&Cc
implement questionnaires or GPS/accelerometry systems to
manage performance and fatigue status, which contrasts with
the present investigation where these methods were reported
to be used to control TL and not evaluate player’'s physical
capacities. In applied settings, and according to the current
practices in professional futsal, it appears that S&Cc consider
that evaluating players’ physical capacities during the season s
valuable and allows for adjustments In the training plan to be
made accordingly.

When inquired about ST, all practitioners reported it to be
a significant and highly important training component in futsal
(ie, 48+04 out of 5). Previous studies have confirmed the
positive effects of ST on physical capacities in futsal (Torres-
Torrelo et al. 2017, 2018; Marques et al. 2019). Specifically,
Marques et al. (2019) found significant improvements in physi-
cal performance {i.e, countermovement jump height, sprint
time, T-Test time, kicking ball speed, and maximum strength
in leg-press) following two weekly ST sessions complementing
specific futsal training. In the present study, S&Cc reported
prescribing ST mainly 3 times/week (55.6%), with sessions last-
ing 31-45 min (32.4%), 16-30 min (29.7%), or 46-60 (24.3%) in
the pre-season. During in-season, practitioners declared per-
forming 3 weekly ST sessions (45.9%), but with shorter dura-
tions {(16-30 min, 45.9%; 31-45 min, 27.0%; and 46-60, 21.6%)
(Figure 3), most likely due to the limited time to dedicate to the
development of physical qualities during the training week.
A novel aspect within this investigation was related to how
S&Cc vary their ST practices depending on the competitive
calendar (i.e, normal vs. congested weeks). Interestingly, the
first ST during a normal week is performed mostly on the
morming of MD + 2 (43.3%) and comprises both lower and
upper body lifts (73%) and core (67.6%) exercises. During con-
gested periods, short (e, 16-30min, 45.9% or 0-15min,
24.3%) ST sessions focused on the core musculature (62.2%)
and (to a lesser extent when compared to normal weeks) lower
and upper limb exercises (45.9%) are executed in the morning
of MD + 2 (27.9%). However, these results should be interpreted
cautiously as they are mainly anecdotal evidence, and more
research is needed on the effects of ST on players’ performance
and REC profile during normal and congested weeks in futsal.

Considering the REC methods in futsal, current evidence-
based knowledge is poor (Nemdi¢ and Calleja-Gonzalez 2021)
as only few studies have investigated this topic (Tessitore et al.

2008; Wilke et al. 2019; Nunes et al. 2020; Rahimi et al. 2020).
Nevertheless, and although their results should be interpreted
with caution due to some of the parameters used to evaluate
REC, Rahimi et al. (2020) found that utilizing foam rollers
resulted in superior REC effects as assessed by subjective vari-
ables, and physical performance when compared to passive
REC. Furthermore, Tessitore et al. (2008) analyzed the effects
of immediate postgame REC interventions (i.e, seated rest,
supine electrostimulation, low-intensity land exercises, and
water exercises), and found no significant differences among
REC interventions for anaerobic indicators, hormonal
responses, muscle pain, and players’ perceptions of REC (ie,
questionnaires). Regarding the results obtained herein, it seems
that S&Cc adjust REC approaches depending on the game
location (i.e., ‘home’ versus ‘away’). Precisely, active REC, water
immersion, and massage therapy appear to be more utilized
following ‘home’ games when compared to ‘away’ (76.6% vs
35.19%; 64.9% vs 21.6%; 48.6% vs 37.8%, respectively). However,
foam roller, stretching, nutritional, and supplementation stra-
tegies are independent of the game location as the percen-
tages of each do not differ greatly. Of note, REC sessions are
mainly taking place after the game (43.2% and 54.1% following
‘home’ and ‘away’ games, respectively) or on the afternoon of
MD +1 (‘home” 40.5%; ‘away” 27%) and last 15-30 min
(Figure 4). Nevertheless, more research on the effects of differ-
ent REC methods on futsal players and their individual response
is warranted.

Whilst this is the first study to investigate the coaches’
methods for monitoring TL, player's physical capacities, and
the programming of ST and REC sessions, it is not without
limitations. It is important to acknowledge that the results are
based solely on the beliefs, experiences, or training philosophy
of S&Cc and that different staff members (e.q., physiotherapists,
nutritionists, etc.), who are directly involved In injury risk miti-
gation and REC strategies were not included. Furthermore,
players did not participate in the survey, which limits access
to important information such as whether they use further
assistance on REC or physical preparation in their own time,
outside club’s facilities. These findings should not be general-
ized, as the data were collected only from practitioners working
in Spain and Portugal and must be applied with caution due to
the plethora of contextual factors (i.e., international and
national tournaments, club’s philosophy, etc), team’s
resources, and players' individuality (e.g., sex or training back-
ground) that may have influenced the results. Still, describing
coaches’ perceptions and practices about the topics addressed
herein is certainly vital for helping the futsal community under-
stand its strengths, weaknesses, and opportunities for improve-
ment In terms of TL, fatigue monitoring, physical preparation,
and REC.

This study provides a comprehensive insight into the TL mon-
itoring, players’ physical capadity assessment, and the character-
Istics of ST and REC practices in futsal in Spain and Portugal. All
coaches reported monitoring TL, most of them through the use
of subjective tools (eg, RPE). As such, following the practices
already implemented in other sports, futsal teams should provide
more financial and technical support, to allow hiring more staff
members and acquiring, for example, HR or GPS/accelerometry
systems, In order to optimize training monitoring and
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prescription. Neuromuscular and strength measurements are
among the strategies that practitioners utilize to evaluate perfor-
mance and fatigue. From an applied perspective, S&Cc should
integrate tests in the training sessions to frequently obtain infor-
mation on their athletes’ performance/fatigue status. ST plays
a crucial role in physical preparation In futsal. A typical ST session
program consists of 3 sessions per week during the pre- and in-
season, focused on upper and lower limb exercises and core
strengthening. A possible solution employed by coaches to
ensure that this training frequency is met is to reduce the dura-
tion of the ST sessions during the competitive phase of the
season. Lastly, multiple REC strategies (Le., foam roller, stretching,
nutritional, and supplementation strategies) are used following
‘home’ and ‘away’ matches. In applied settings, S&Cc are advised
to implement the above-mentioned REC strategies indepen-
dently of the game location.
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Futsal is an indoor sport characterized as a high-intensity intermittent
modality with high physical, technical, and tactical demands (1, 2].
Due to its increased popularity, better understanding of the activity
profile of futsal match play has been a main interest of practifioners
and researchers. In this regard, several studies have investigated the
match demands in futsal using different approaches, such as time-
motion analysis [1, 3-5], monitoring physiological parameters (e.g-
heart rate and oxygen consumption) {6, 7] and, more recently, wear-
able technology tracking (global positioning system [GPSVacceler-
ometer) {8, 9.

Through time-motion analysis, it was observed that, during
a match, players execute ~ 30 spnnts, comprsing sequences of 2, 3,
and 4 consacutive sprints, separated by rest intervals of 30, 45, or
60 s [4]. Match extemal load refers to the physical demands (i.e.,
accelerations [ACC] and deceferations [DEC], changes of direc-
tion [COD] and jurmips) derived from position data or inertial measure-
ment units [10]. Recently, Ribeiro et al. [8], using GPS technology,

reparted that futsal players covered 3750 + 1123 m, from which
135 = 54 m were completed sprinting (> 18 km-h). Moreover,
players executed a great number of ACC (5 = 2 n-min’'), and DEC
(5 = 2 n-min"'} relative to “court time” [8]. These data confirm the
importance of high-intensity efforts during futsal match-play. Still,
when it comes fo 3 precise quantification of acbions such as ACC,
DEC, and COD, evidence is still scarce. More research is warranted
sinoe studies investigating these variables using wearable technol-
ogy analysed only a small number of matches (8, S].

When examining a futsal game’s demands more thoroughly, dif-
ferent investigations {1, 3, 6, 7] have confirmed that the match
activity tends to decrease from the 1¥ to the 2* half. For example,
Milioni et al. [7] found that total distance covered, distance par min,
maximal isometric force and voluntary activation were inferior in the
2" half compared to the 1% in a simulated match. Bueno et al. [3]
reported an increase of the percentage of standing and the distance
covered at walking velocity in the 2" half compared to the 1*;
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in contrast, the percentage of medium- and high-intensity activity
decreased in the 2™ half of an cfficial game. Interastingly, data col-
lected using GPS revealed no meaningful differences in metabolic,
kinematics, and mechanical activity between halves [8]. Due to these
inconsistencies, further research & needed to better clanfy the de-
mands of each half.

Considering contextual factors, studies from different sports {11-16]
suggest that opponent’s ranking and match location or result may
affect game demands. For instance, Goodale et al. [14] found that
female rughy players coverad higher total, medium- and high-inten-
sity nnning distances during losses and against top-ranking opponents
compared to wins and bottom-ranked opponents. Moreover, Vesco-
vi et al. [16], investigating the match demands and the impact of
contextual factors in professional female soccer, detected no differ-
ences betwean home and away competition, but that the relative
distance covered was greater during Josses. Notably, when it comes
to futsal, the influence of contextual factors has been addressed
mainly from a technical-tactical perspective [17], but the literature
is scarce regarding external match load variations, particularly using
wearable technology-denved variables. This information may be ex-
tremely helpful for coaches as determining match demands based
solely on video-analysis toois may be considerably time-consuming
and limit the proper quantification of non-focomotor activities influ-
encing sports performance (e.g., impacts or collisions) [18]. As such,
a better understanding of match external koads monitored via wear-
able technology may help coaches and sports scientists to prescribe
training sessions more related to the actual efforts and demands of
competition, thus enhancing performance and potentiafly reducing
the risk of injury.

Based on the above considerations, the main purposas of this
study were: 1) to quantify the match external load and movement
demands during competitive professional futsal matches while iden-
tifying differences between time periods {i.e., 1" and 2™ halves)
using accelerometer-based technology; and 2) to investigate wheth-
er contextual factors (i.e., opposing team’s ranking, match outcome,
and location) affect extemal load variables during the match. it was
hypothesized that there would be a significant decrease in the exter-
nal load parameters in the 2* half with respect to the 1% half and
that external mechanical ioads would be higher against top-ranked
teams, in "wins” and durning “home” games.

MATERIALS AND METHODS se—
Study Design

A retrospective, observational, cohort study design was used. The
match activity profile of elite male futsal players was collected using
wearable technology (i.e., accelerometers [Catapult Innovation; Mel-
bourne, Austrakia]) throughout the season 2019-2020 (20 games).
Consistent with the Liga Nacianal de Fatbol Saia (LNFS; 1" Division
of Spain) rules, games lasted 40 min and consisted of two 20-min
halves separated by a 10-min break. Only 10 of the team’s 15 play-
ers were monitored, because of the GPS availability. The
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study procedures did not infiuence or alter the match in any way. To
compare teams’ ranking, the following criteria were determined:
“high™: the top five teams in the league (excluding the monitored
team) (n = 6 matches); *medium”: the following five teams
(n = B matches); "low": the bottom five teams of the league
(n = 6 matches). Match outcome was classified as a "win”
(n = 13 matches), “loss” (n = 5 matches) or “draw” {n = 2 match-
es). Due to the small number of "draws”, this condition was ex-
cluded from the present study. Match location was referred to as
"home” (n = 12) or “away” (n = 8).

Participants

Ten elite male futsal players (age: 26.7 = 3.1 years oid, body mass:
74.7 = 5.9 kg, height: 1.78 = 0.06 m, body fat: 8.8 = 1.5%),
members of a team competing in the LNFS and finalists of the UEFA
Futsal Champions League, were monitored for this study. Only data
from on-court players selected by the coaching staff in the pre-season
to wear the technology and who participated in at least 75% of the
games throughout the season were considered for analysis. One of
the players did not complete > 75% of games due to injury and was
excluded from the study's sample. As a consequence, 9 players (back:
n = 3; wing: n = 4; pivot: n = 2) finally participated in the inves-
tigation. By signing a professional contract with the club, all players
provided individual consent for data collection and study participa-
tion. All procedures were approved by the Local Human Subjects
Ethics Committee and conducted according to the Declaration of
Helsinki.

Procedures
Instrumentation: The activity profile data were collected via a por-
table GPS unit, Catapult Sport Optimeye S5 (Catapult Innovation;
Melbourne, Australia), comprising a tri-axial acoelerometer, gyroscope,
and magnetometer, which provide data for inertial movement analy-
sis at 2 sampling rate of 100 Hz. Previous research has reported this
techniology to be valid and refiable [19]). The devices were fitted to
the upper back of each player using a specific vest under the athlete's
jersey. To avoid potential inter-unit ermor, each player wore his own
device, which was the same throughout the season [20]. To represent
the match-play cumulative load, data collection was initiated when
players werz in the locker room after the warm-up period, 10 min
before starting the match, and concluded before the postgame cool-
down. All data were analysed by Catapult Spart Openfield software
(Catapult Innovation; Melboume, Australia), which applies specific
algorithms to transform the input of raw nertial data during athlete
movement into meaningful and standardized cutput vanables used
to quantify the movement experience.

Activity Profife Data: Variables of interest in this study included aver-
age and fotal player foad (PL), PL per minute (PL-min™), high-inten-
sity ACC {ACC,,), high-intensity DEC (DEC,,)), explosive movements
(EXPL-MOV), and high-intensity COD (COD,,). PL consists of the sum
of the accelerations across all axes of the internal tri-axial
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accelerometer during movement {100 Hz), applying the established
formula [21] and expressed as an arbitrary unit (a.u). PLmin"' divides
the accumulated PL by time, providing an intensity index and expressed
as an a.u [22]. ACC,, refers to the total inertial movements registered
in @ forward acceleration vector within the high band (> 3.5 m-s¥)
and DEC,, corresponds to the total inertial movements in a decslera-
tion vector within the high band {< -3.5 m:s™). COD,, represents
total inertial movements registered in a rightward/leftward lateral vec-
tor within the high band (> 3.5 m-s¥). Regarding the number (i.e.,
count) of ACC,,, DEC,, and COD,, only high-intensity inertial move-
ments were considered in the present research. EXPL-MOV encompass
the total inertial movements irrespective of the direction (i.e., ACC,
DEC and COD; jumps not mduded) within the medium and high bands
{> 2.5 m's”). Previous studies [23, 24] have already investigated
and confirmed the validity and refiability of the aforementioned van-
ables (i.e. ACC,,, DEC,,, EXPL-MOV, and COD,).

Staistical Analysis

Statistical analysis was performed in the Jamo statistical package
{2020; Version 1.2), Data are presented as mean = standard devia-
tion (SD}. Ona-way analysis of variance (ANOVA) was used to deter-

mine the differences amang opposing teams’ levels. Post-hoc pairwise

comparisons were performed to identify significant main effects be-
tween high, medium, and fow ranking teams. To detect differences
between game periods (i.e., 1* and 2™ halves) the paired sample
t-test was applied. To analyse the contextual factors (i.e., home-away,
and win-loss games), indepandant samples t-tests were performed.
Caohen's effect sizes (ES) were computed to determine the magnitude
of every paired companson and classified as: trivial (< 0.2), small
(> 0.2-0.6), moderate (> 0.6-1.2), large (> 1.2-2.0), and very
farge (> 2.0-4.0) [25]. The significance level was set as p < 0.05.

e
Table 1 depicts the external match demands considering the fuli-game
data as well as the 1¥ and 2 halves separately {i.e., average values
from all games). A significant and small-moderate decrease in total
PL and PL-min"' was observed in the 2 half. Moreover, the number
of DEC, and EXPL-MOV was significantly lower during the 2* half,
with small to moderate effect sizes. Small non-significant differ-
ences were obtained for ACC,,;, and COD,,.

Tables 2 and 3 display the external load variables according to
the contextual factors. No significant differences were attained in
external match load metncs regarding the opposing team’s level, the
match outcome and the match location.

TABLE 1. Match-play d ds and comparison bety the 1% and 2" halves.

Variables Full Game 1* Half 2" Half p value ES
Total PL a.u 3868 = 594 1990 = 299 1868 = 344~ 0.030 0.52
PL-min™ a.u 108 =08 11.2 + 09 104 = 1.0 0.001 1.16
ACCy, n” 733+ 138 =73 37399 0.593 0.12
DEC,, n’ 686 = 188 3894 306 = 11.3* 0.001 0.83
EXPL-MOV n’ 1165 = 188 611 = 97 559 = 108* 0.017 0.58
CoD,, n” 173 £ 29.1 895 = 196 B85 = 164 0.410 0.18

Values expressed as mean = SD. *p < 0.05; significant first and second half difference by a Paired Sample T-Test. ACCy.: high-
intensity accek ; au: y units; COD,;: high-intensity change of direction; DECyy: high-intensity deceleration; ES: effective
size; EXPL-MOV: explosive movements; n°: number; PL: player load; PL-min': player load per minute; SD: standard daviation.

TABLE 2. Futsal match-play demands according to the oppesing team’s ranking position,

Variables High (n = 6) Medium (n = B) Low (n = 6) p value
Total PL au 4021 = 653 3802 = 703 3804 + 522 0.795
PL-min™ au 103 =09 11.0 =09 11006 0.328
ACCy n’ 81 £55 71.7 £ 14.1 68.8 = 166 0.625
DEC,, n’ 73 £ 1889 69.7 = 195 645+ 199 0.732
EXPL-MOV n’ 1217 = 163 1171 =233 1122 + 182 0.131
CoD,, n’ 185 = 24.1 166 + 39.5 170 = 245 0.477

Values expressed as mean = SD. ACC,: acceleration; a.u: arbitrary units; CODy: change of direction; DEC,;: deceleration;
EXPL-MOV: explosive movements; n°: number; PL: player load; PL-min"’: player load per minute; SD: standard deviation.
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accelerometer during movement {100 Hz), applying the established
formula [21] and expressed as an arbitrary unit (a.u). PLmin"' divides
the accumulated PL by time, providing an intensity index and expressed
as an a.u [22]. ACC,, refers to the total inertial movements registered
in @ forward acceleration vector within the high band (> 3.5 m-s¥)
and DEC,, corresponds to the total inertial movements in a decslera-
tion vector within the high band {< -3.5 m:s™). COD,, represents
total inertial movements registered in a rightward/leftward lateral vec-
tor within the high band (> 3.5 m-s¥). Regarding the number (i.e.,
count) of ACC,,, DEC,, and COD,, only high-intensity inertial move-
ments were considered in the present research. EXPL-MOV encompass
the total inertial movements irrespective of the direction (i.e., ACC,
DEC and COD; jumps not mduded) within the medium and high bands
{> 2.5 m's”). Previous studies [23, 24] have already investigated
and confirmed the validity and refiability of the aforementioned van-
ables (i.e. ACC,,, DEC,,, EXPL-MOV, and COD,).

Staistical Analysis

Statistical analysis was performed in the Jamo statistical package
{2020; Version 1.2), Data are presented as mean = standard devia-
tion (SD}. Ona-way analysis of variance (ANOVA) was used to deter-

mine the differences amang opposing teams’ levels. Post-hoc pairwise

comparisons were performed to identify significant main effects be-
tween high, medium, and fow ranking teams. To detect differences
between game periods (i.e., 1* and 2™ halves) the paired sample
t-test was applied. To analyse the contextual factors (i.e., home-away,
and win-loss games), indepandant samples t-tests were performed.
Caohen's effect sizes (ES) were computed to determine the magnitude
of every paired companson and classified as: trivial (< 0.2), small
(> 0.2-0.6), moderate (> 0.6-1.2), large (> 1.2-2.0), and very
farge (> 2.0-4.0) [25]. The significance level was set as p < 0.05.

e
Table 1 depicts the external match demands considering the fuli-game
data as well as the 1¥ and 2 halves separately {i.e., average values
from all games). A significant and small-moderate decrease in total
PL and PL-min"' was observed in the 2 half. Moreover, the number
of DEC, and EXPL-MOV was significantly lower during the 2* half,
with small to moderate effect sizes. Small non-significant differ-
ences were obtained for ACC,,;, and COD,,.

Tables 2 and 3 display the external load variables according to
the contextual factors. No significant differences were attained in
external match load metncs regarding the opposing team’s level, the
match outcome and the match location.

TABLE 1. Match-play d ds and comparison bety the 1% and 2" halves.

Variables Full Game 1* Half 2" Half p value ES
Total PL a.u 3868 = 594 1990 = 299 1868 = 344~ 0.030 0.52
PL-min™ a.u 108 =08 11.2 + 09 104 = 1.0 0.001 1.16
ACCy, n” 733+ 138 =73 37399 0.593 0.12
DEC,, n’ 686 = 188 3894 306 = 11.3* 0.001 0.83
EXPL-MOV n’ 1165 = 188 611 = 97 559 = 108* 0.017 0.58
CoD,, n” 173 £ 29.1 895 = 196 B85 = 164 0.410 0.18

Values expressed as mean = SD. *p < 0.05; significant first and second half difference by a Paired Sample T-Test. ACCy.: high-
intensity accek ; au: y units; COD,;: high-intensity change of direction; DECyy: high-intensity deceleration; ES: effective
size; EXPL-MOV: explosive movements; n°: number; PL: player load; PL-min': player load per minute; SD: standard daviation.

TABLE 2. Futsal match-play demands according to the oppesing team’s ranking position,

Variables High (n = 6) Medium (n = B) Low (n = 6) p value
Total PL au 4021 = 653 3802 = 703 3804 + 522 0.795
PL-min™ au 103 =09 11.0 =09 11006 0.328
ACCy n’ 81 £55 71.7 £ 14.1 68.8 = 166 0.625
DEC,, n’ 73 £ 1889 69.7 = 195 645+ 199 0.732
EXPL-MOV n’ 1217 = 163 1171 =233 1122 + 182 0.131
CoD,, n’ 185 = 24.1 166 + 39.5 170 = 245 0.477

Values expressed as mean = SD. ACC,: acceleration; a.u: arbitrary units; CODy: change of direction; DEC,;: deceleration;
EXPL-MOV: explosive movements; n°: number; PL: player load; PL-min"’: player load per minute; SD: standard deviation.
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TABLE 3. Match-play extemal load according to match result and location.

Match Result i Match Location A
Win Loss Home Away
Variables value value
(n = 13) (n = 5) (n = 12) (n = 8)

Total PL au 3846 £ 623 3990 =689 0675 022 3757 £646 4036 =498 0315 047

PL-min™! au 11.0 £ 07 102 =10 0082 097 110+ 05 10510 0174 064

ACCy, ' 721 =16 794 =43 0337 052 726=159 744=107 0.784 0.2

DEC,, L 672+208 704x19 0766 015 674 =207 704=167 0741 015

EXPL-MOV L 1157 £+ 203 1210=179 0621 026 1134206 1212+157 0376 041

CODy, o 171 = 31.1 182 + 262 0491 037 169 = 336 180 = 21 0.405 038

Values expressed as mean = SD. ACC,: high-intensity acceleration; a.u: arbitrary units; COD,y: high-intensity change of direction;
DEC,: high-intensity deceleration; ES: effect size; EXPL-MOV: explosive movements; n™: number; PL: player load; PL-min’: player

load per minute; SD: standard deviation.

IS CUS SO N
The present study mvestigated the external load demands of elite
male futsal match-play by describing six variables (i.e., PL, PL-min™,
number of ACC,;, DEC,;, EXPL-MOV and COD.) collected via wear-
able technology. The current research is of interest for practitioners
as it provides descriptive data pertaining to a top-3 futsal team
compating in Spain's 1* Division that was monitored throughout the
entire season. Remarkably, for the first ime, we identified, by accel-
erometry-based data, that a significant decrease in PL, PL-min™',
DEC,,, and EXPL-MOV occurs in the 2** half compared to the 1%,
In contrast, other vanables such as ACC,,, and COD,, appear not to
decline significantly as the match progresses. Finally, another key
finding was that contextual factors (i.e., opponent team’s level, match
outcome, and match location) seem not to influence the external
match foad metrics.

Regarding match demands, the present results reinforce previ-
ously published research [1, 3, 4, 6, 8, 26] and confirm, through
accelerometry data, that futsal is, indeed, a high-intensity intermit-
tent modality in which players perform mulitiple ACC,,, DEC,y, and
COD,,, actions [2]. Specifically, players were found to perform, on
average, around 1165 = 188 moderate-to-high-intensity explosive
actions (> 2.5 m-s”} in all planes of movement during a single
match. These results are in line with a previous study [8] that inves-
tigated the extarnal match demands by GPS and reported that futsal
players may perform around 80 ACC and DEC actions during match-
play. From a practical standpoint, identifying these variables is ex-
tremely useful for strength and conditioning coaches to prepare more
specific training plans according to the demands that players are
expected to encounter during competition, and to plan safer return-
to-play protocols.

0f note, when analysing game periods (1.e., halves), players dis-
played higher total PL, PL-min™*, and DEC,, and EXPL-MOV in the
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1 half than in the 2. Similar results were cbtained by other au-
thors [1, 3, 6, 7] using time-motion analysis and indicating that the
percentage of distance covered at medium and high-velocity, and
sprinting was greater during the 1* half. However, reporis of no
significant differences between the two halves can also be found in
the Iiterature {4, B]. For example, Ribeiro et al. {8] found that kine-
matic (i.e., distance covered per min, sprints), mechanical {i.e., ACC,
DEC), and metabofic variables (i.e., metabalic power per min) were
not affected by time periods. These contradictory results could be
explained by different factors related to futsal's charactenstics (e.g.,
unlimited number of substitutions), or tactical decisions (e.g. “fiy
goalkeeper”). Further research on the influence of tactical behaviours
in external match load activities (i.e., complementing the recent work
by Rico-Gonzadlez &t al., [17]) is warranted. Based on the above,
strength and conditioning coaches should prepare the players to be
able to complete and tolerata high-intensity activities until the end
of the game.

Regarding the influence of the oppasing team’s ranking on the
league, no significant differences were observed for any external load
vanable, which indicates that similar physical demands are placed
on players when playing against the top or bottom competitors, in
order to achieve a positive result. Along the same fines, related stud-
ies [11, 15] on other team sports have displayed similar physical
match demands against low-, medium- and, high-level opponents.
However, Goodale 2t al. [14] found that total distance covered and
activities at moderate and high speeds were higher when playing
against the top 4 opponents compared to the bottom 4. From an
applied perspective, these findings suggest that players are exposad
to high mechanical loads irrespective of the level of the opposing
team; hence, from a physical preparation standpoint, training loads
should not be greatly altered the week prior to playing, for example,
a bottom-ranked team.
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External load and contextual factors in futsal

Considering match result (i.e., win-loss), no significant differ-
ences were found in external match load. The present data do not
seem to support 2 previous study [13] that found that the number
of jumps, ACC«, DECyy, and COD were higher during losses compared
to wins in baskatball. Additionally, Vescovi et al. [16] observed that
relative sprint distance was greater during losses than draws in pro-
fessional women socoer players. It is probable that tactical aspects
could explain these disparities as, in futsal, it is common for teams
to foflow the same tactical move when lasing the match: playing with
a “fly goalkeeper™ which “slaws down” the game. In applied settings,
coaches and sports practitioners should consider that players are
exposed to similarky high match demands after losing {in comparison
with wins or draws), and that appropriate training load management
is necessary. Therefore, the tendency to train "harder” after losses
should be avoided as it could lead to detrimental effects on players’
physical performance.

The external match load and activity profile were similar regardless
of the game location (i.e., home versus away). Given that during the
season travel tima does not usually excead ~3 hours by flight or bus
in Spain, travel fatigue would most fikely not affect players” perior-
mance. Moreover, most of the players had experience playing in
national and international leagues (i.e., LNFS, Champion League),
which ensures a high level of famifiarity with travelling. Previous
research [12, 16] from other team sports supports the present results.
Professional female soccer players were found to experience no dif-
ferences in physical demands irrespactive of match location [16].
Conversely, related studies [27, 28] have reported a significant decline
in performance when playing "away" compared to “home". Still,
caution is necessary when comparing results from different studies.
There are important factors that could influence the outcomes such
as sport characteristics (i.e., futsal, soccer, and rughy), travel time
oreven time-zone changing since long-haul, and transmeridian trav-
efling has been suggested to affect players’ pariormance [29, 30].

This study is limited by its small sample size. Nevertheless, it is
worth noting that the present research presents accelerometry-based
match data from a total of 20 games from a professional, top-3 LNFS
team and finalist of the UEFA Champions League. Previous studies
using similar technology analysed six (8] and three [9] games and

both agreed that studies comprising a greater number of matches
are necessary. A second limitation is that the match external load
was monitored only for on-court players, and no goalkeepers’ demands
during the match-play were considered. Lastly, it is limited by the
difference between the total number of matches classified as "wins"
(n = 12) and "losses” (n = 5).

From an applied perspective, based on the findings herein, interma-
tent game-based drills that require multiple high-intensity efforts (e.g.,
short sprints in multiple directions or DEC) and speed-power exer-
cises should be prioritized in training. These activities will seemingly
prepare players to perform and folerate activities similar to the ones
they may encounter during match-play. Additionally, and in contrast
with the initial hypothesis, contextual factors (i.e., team ranking, match
resuit, and location) appear not to affect the external match load in
futsal; thus, coaches should not substantially alter their weekly train-
g plan (from a physical preparation perspective) whether the team
plays at home or away, or against a top- or bottom-ranked opponent.
Lastly, coaches and sports scientists can utilize thesa results as a ref-
erence to design specific training and return-to-play plans.

CONCLIU S 1O N S
Through the analysis of accelerometry-based data, this study indicates
that futsal players are exposed fo high mechanical external loads,
and perform a great number of ACC,,, DEC,,, CODy, and EXPL-MOV
during a match. Additionally, higher total PL, PL-min"!, DEC,,, and
EXPL-MOV are obtained in the 1* half than tha 2, Contextual fac-
tors (i.e. match result, team's ranking and match location) do not
seem to affect any of the external variables studied. Coaches and
sport scientists should consider the present findings when planning
specific training sessions and retumn-to-play approaches from an
injury perspective.
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APPENDIX 4. Study 4: DIFFERENCES BETWEEN OFFICIAL AND NON-
OFFICIAL MATCHES IN WORST-CASE SCENARIOS IN ELITE FUTSAL
PLAYERS

Reference:

Spyrou, K., Freitas, T. T., Marin-Cascales, E., Herrero-Carrasco, R., & Alcaraz, P. E.
(2021). Differences between official and non-official matches in worst-case
scenarios in elite futsal players. Baltic Journal of Health and Physical Activity, 13(4),
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INTRODUCTION

Futsal is a high-intensity intermittent indoor sport, in which players are exposed to repetitive
high-demanding scenarios during match-play [1, 2]. A recent study [3] reported, through
wearable technology (i.e., accelerometry) data, that futsal players perform around ~70
high-intensity accelerations, decelerations, and ~170 changes of direction during official
games. Moreover, players have been found to cover around ~3700 m in a single match, of
which ~135 m are spent on high-speed running actions (>18 km-h*) [4].

Of note, the type of games in futsal (i.e., official [OFF] and non-official [Non-OFF]) may
influence match-play demands. Specifically, professional players have been reported o spend
~12% and ~5% of the whole game duration in high-intensity running and sprinting actions
in a simulated match (i.e., 4 x 10-min), values lower than the ~14% and ~9% found during
OFF competition [5, 6]. Likewise, the time of recovery between sprint bouts is higher in Non-
OFF (i.e., ~40-s) when compared to OFF matches (~15-s) [6, 7]. Considering physiological
parameters, a study [5] found that players spent 83% of the playing time above 85% of the
maximum heart rate in OFF games as opposed Lo another investigation that reported that
anly 36% of the total time was spent at >80% of the maximum heart rate in Non-OFF matches
[8]. For this reason, to prepare players adequately to cope with training and competition
loads during the season, practitioners should be conscious that their athletes are exposed
to dissimilar stress levels depending on the type of the game.

Regarding the quantification of the match demands, different methods (L.e., "average
approach” or “worst-case scenarios” [WCS] methods) have been used lo measure and analyze
the mechanical stress that players are exposed to during the match. The WCS approach
relates to the quantification of the most intense period of the game or training [11] and is
becoming increasingly popular in team-sports, such as soccer [9, 10], rugby [11], Australian
football [12], futsal [13]), and field- and ice-hockey [14, 15], to assess fluctuations in match-
demands by dividing time-play into discrete “epochs”. The WCS may be considered more
accurate to quantify the most intense periods of the game, because the "average approach”
may overlook variations and obscure the most intense periods of the play [16].

Depending on the availability of wearable technology (i.e., GPS vs accelerometry) and sport
(iLe., indoor vs outdoor), player load (PL), player load per minute (PL-min*), total distance,
and high-speed running have been the most commonly investigated variables with time-
windows ranging from 30-s to 10-min in length [9-14]. Within the WCS approach, the fixed-
period method (FIX) was first developed [17], and consisted of splitting the time into fixed-
periods (e.g., 1-30-s, 31-60-s, etc.). However, quantifying WCS by rolling average (ROLL) is
considered more accurate, as this technique detects the exact period (e.g., 1-30-s, 2-31-s,
etc.) in which players reached the highest intensity [18, 19]. For example, Fereday et al.
[20] found that the FIX method underestimates the relative total and high-speed distances
during match-play when compared to ROLL in soccer players [20]. Still, when it comes to
futsal, literature is scarce about the quantification of WCS of different matches (Le., OFF
and Non-OFF) and using different methods (Le., ROLL and FIX).

Therefore, this study aimed to compare and analyze the WCS in futsal considering: 1) OFF
and Non-OFF matches; 2) calculated by two methods (L.e.,, ROLL and FIX); and 3) four
different time-periods (Le., 30-s, 1-, 3-, and 5-min). Due to futsal’s characteristics [2], we
hypothesized that WCS would be higher: 1) in OFF when compared to Non-OFF matches;
2) when considering smaller (e.g., 30-s and 1-min) rather than larger time-epochs (e.g., 3-
and 5-min), and 3) when calculated by ROLL in comparison to FIX,
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MATERIALS AND METHODS

An observation longitudinal study was designed. Match-play data from 26 games (i.e., 13
OFF and 13 Non-OFF) were collected using wearable technology (i.e., accelerometers)
throughout the seasons of 2019/2020 and 2020/2021. OFF consisted of national (e.q., Liga
Naclonal de Fitbol Sala [LNFS]; 1st Division of Spain) or international (e.g., UEFA Champion
League) games, and Non-OFF consisted only of friendly matches. Consistent with the LNFS
rules, games lasted 40-min divided into two 20-min halves and separated by a 10-min break.
Only on-court players (i.e., starters and substitutes) were monitored (l.e., 12 players). The
study procedures did not influence or alter the match in any way. Four WCS time-periods
(i.e., 30-s, 1-, 3-, and 5-min) were analyzed by the ROLL and FIX methods.

PARTICIPANTS

Twelve elite male futsal plavers (age: 26.7 = 3.1 years old, body mass: 73.6 = 5.4 kg, height:
1.77 = 0.04 m, body fat: 8.9 = 1.7%), competing in LNFS and the UEFA Futsal Champions
League were monitored. By signing a professional contract with the club, all players provided
individual consent for data collection and study participation. All procedures were approved
by the Local Human Subjects Ethics Committee and conducted according to the Declaration
of Helsinki.

PROCEDURE

Instrumentation: The activity profile data were collected via Catapult Sport Optimeye
S5 portable GPS units (Catapult Innovation; Melbourne, Australia) comprising a tri-axial
accelerometer, a gyroscope, and a magnetometer, which provide data for inertial movement
analysis at a sampling rate of 100 Hz. Previous research has reported this technology to
be valid and reliable [21]. The devices were fitted to the upper back of each player using
a specific vest under the athletes’ jersey. To avoid potential inter-unit error, each player
wore the same device throughout the seasons [22]. To represent the match-play cumulative
load, data collection was initiated when players were in the locker room after the warm-
up period, 10-min before starting the match, and concluded before the postgame cool-
down. All data were analyzed by Catapult Sport Openfield software (Catapult Innovation;
Melbourne, Australia) and exported to a custom-built Microsoft Excel spreadsheel for
further analysis. PL consists of the sum of the accelerations across all axes of the internal
tri-axtal accelerometer during movement (100 Hz), applying the established formula and
expressed as an arbitrary unit (a.u.) [23). PL-min' divides the accumulated PL by time, and
provides an intensity index [24].

Rolling Average and Fixed-Periods Length: To determine the WCS, data were extracted
in each second Interval for each player into a Microsoft Excel spreadsheet. ROLL was
calculated by rolling time length of 30-s, 1-, 3-, and 5-min, (e.g., 1 - 30-s, 2 - 31-s, and
so on) for the whole match, and by selecting the most intense passage for all the players
individually (coefficient of variability [CV] 30-s: 10.9%; CV 1-min: 10.4%; CV 3-min: 10.4%;
CV 5-min: 11.6%). FIX was obtained by splitting the total match into fixed-periods (e.g.,
1 - 30-s, 31 - 60-s, elc.), from the start to the end of the game (CV 30-s: 12.1%; CV 1-min:
12.2%; CV 3-min: 13.1%; CV 5-min: 13.4%). For both methods, the highest intensity for
every player in four time-windows (Le., 30-s, 1-, 3-, and 5-min) was considered for analysis.

STATISTICAL ANALYSIS

The statistical analysis was performed using the Jamovi statistical package (2020; 1.6). Data
are presented as mean and standard deviation (SD), Descriptive statistics were calculated for
the types of game (L.e., OFF and Non-OFF), WCS duration (i.e., 30-s, 1-, 3-, and 5-min) and
methods (Le., ROLL and FIX). The assumption of normality in each variable was analyzed
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using the Shapiro-Wilk test. An independent T-Test was used to detect differences between
WCS in OFF and Non-OFF games. A Non-Parametric Friedman repeated-measures ANOVA
was completed to identify differences between the different WCS durations. A paired Sample
T-Test was used to analyze the differences between the ROLL and FIX methods. Cohen’s
effect sizes (ES) with 95% confidence intervals (95% CI) were computed to determine the
magnitude of every paired comparison and classified as: trivial (<0.2), small (>0.2-0.6),
moderate (>0.6-1.2), large (>1.2-2.0), and very large (>2.0-4.0) [25]. The significance
level was set at p = 0.05.

RESULTS

Figure 1 depicts the WCS (considering the PL-min™) in intervals of 30-s, 1-, 3- and 5-min
and the differences between OFF and Non-OFF games and time-periods, calculated by
ROLL. Significantly more intense WCS were found in OFF when considering 30-s (p =
0.001; ES [95% CI] = -0.53 [-0.79 - -0.28]) and 1-min (p = 0.001; ES [95% CIl] = -0.47
[-0.72 - -0.21]) intervals in comparison to Non-OFF. Conversely, non-significant and trivial
to small differences between game types were observed when analyzing 3-min (p = 0.060;
ES[95% CI] = -0.23{-0.48 - 0.01]) and 5-min (p = 0.605; ES [95% CI} = -0.06 [-0.31 -0.18))
epochs. Regarding the different time-periods, 30-s intervals yielded greater WCS than all
other periods (30-s - 1-min: p = 0.001; 30-s - 3-min: p = 0.001; 30-s - 5-min: p = 0.001),
and 1-min intervals were found to be more intense than 3- and 5-min ones (1 - 3-min: p =
0.001; 1 - 5-min: p = 0.001). Finally, significant differences were obtained when comparing
3- to 5-min intervals (p = 0.001).

Rolling Averages

mm OFF
Non-OFF

Blis

30-s 1-min 3-min S-min

Fig. 1. Worst-case scenarios in official and non-official matches calculated over rolling-averages of 30-5, 1-min,
3-min and 5-min in length.

Values expressed as mean = SD.

*p = 0.05; significant difference between official and non-official analyzed by an Independent T-Test.

a: significantiy different than the 30-s time-interval, b: significantly different than the 1-min time-interval;
c: significantly different than 3-min time-interval. OFF: official; Non-OFF: non-officlal.

Figure 2 presents the WCS (considering the PL-min') during 30-s, 1-, 3- and 5-min intervals
and the differences between OFF and Non-OFF games and time-epochs, calculated by the
FIX. Significantly more intense WCS were found in OFF when considering 30-sec (p = 0.001;
ES [95% CI] = -0.52 [-0.78 - -0.26]), 1-min (p = 0.001; ES [95% CI] = -0.49 [-0.75 - -0.23]),
3-min (p = 0.001; ES [95% CI] = -0.35 [-0.60 - -0.09]), and 5-min intervals (p = 0.001; ES
[95% CI] = -0.40 [-0.66 - -0.15]) in comparison to Non-OFF. Regarding the different time-
windows, 30-s presented greater WCS than all other periods (30-s - 1-min: p = 0.001; 30-s
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- 3-min: p = 0.001; 30-s - 5-min: p = 0.001) and 1-min intervals were found to be more
intense than 3- and 5-min (1 - 3-min: p = 0.001; 1 - 5-min: p = 0,001). Finally, significant
differences were obtained when comparing 3- to 5-min (p = 0.001).

Fixed - Periods

24+
m OFF

™

30-5 1-min 3-min 5-min

T 214
g
= 184

1

J
L

12‘

0

Fig. 2. Worst-case scenarios in afficial and non-official matches calculated over fixed-periods of 30-s 1-min, 3-min
and 5-min In length

Values expressed as mean = SD.

*p < 0.05; significant difference between official and non-official analyzed by an Independent T-Test.

a: significantly different than the 30-s time-interval; b: significantly different than the 1-min time-interval;
¢: significantly different than 3-min time-interval. OFF: official; Non-OFF: non-official.

Table 1 describes the differences in WCS between the two methods (Le., ROLL vs FIX).
Significant and trivial to moderate differences were obtained between the two methods
considering 30-s (p = 0.001; ES = 0.98), 1-mun (p = 0.001; ES = 0.97), and 3-min (p =
0.001; ES = 0.18) periods. In contrast, non-significant and trivial differences were found
for 5-min intervals (p = 0.107; ES = -0.18).

Table 1. The differences in the ntensity calculated by rolling averages and fixed-peniods among time-windows
_———

PL-mun {aw)
Time -Window Mean Diff (%) p value ES 95%
Rolling Fixed
30-s 26.1 =284 242=293 1.77=012 0.001 098 083-113
1-min 212x221 196=239 1.70 = 0.10 0.001 0.97 082-112
3-min 16.2=168 159=208 047 =010 0.001 0,18 0.06 - 0.30
S-min 46169 149 =200 -0.14§ 011 0.107 0.18 -0.30 - 0.05

Data presented as mean = SD; *p = 0.05; significant differences analyzed by a Paired Sampde T-Test.
2.u.: arbitrary unit; Ck: confidence Interval; DIff: difference; ES: effect size; min: minutes; SD: standard deviation;
s: seconds.

DISCUSSION

To our knowledge, this is the first study that compared the WCS between OFF and Non-OFF
matches considering different time-periods in futsal. The main findings indicate that 1) the
ROLL approach showed that OFF matches present higher intensity (Le., PL-min") when short
tme-intervals (L.e., 30-s and 1-min) are considered in comparison to Non-OFF; however, no
differences exist between games when analyzing large time-windows (i.e., 3- and 5-min);
2) significant differences were observed between matches in all time-periods when using
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the FIX method; 3) significantly higher WCS were determined as time-epochs increased in
duration from 30-s to 5-min irrespective of the approach used; and 4) when compared to
ROLL, FIX underestimates the WCS in 30-s, 1-, and 3-min intervals but not 5-min,

Match-play intensity during OFF competitions (e.g., LNFS and UEFA Futsal Champions
League), as determined by PL-min* and calculated via ROLL, was found to be higher than
during Non-OFF matches when considering the time-windows of 30-s and 1-min. This could
be explained by the importance of the OFF games, in which "winning” is the main goal,
and players are more likely to engage in maximal intensity efforts as opposed to friendly
matches that are mainly focused on developing tactical, technical, and physical capacities
[26]. Comparing acceleration, deceleration and metabolic power measures between official
and friendly matches in soccer, differences in match activities were identified as well [27]).
Moreover, it should be taken into account that Non-OFF games take place mainly during
pre-season (i.e., a period of increased training loads) compared to the OFF ones that are
held during the season, a period in which, in theory, players are closer to the peak of their
performance. Notably, no difference in WCS was found between the matches as time-
windows increased (e.g., 3- and 5-min Intervals). It appears that larger time-epochs (l.e.,
>3-min) may obscure the most intense periods of the OFF competitions and overlook the
“actual intensity” of these matches, possibly because futsal players barely spend >5-min on
the court due to unlimited substitutions [28]. In brief, WCS calculated over longer intervals
seem o be closer to the match average intensity obtained with the “average approach”.
From an applied perspective, 30-s and 1-min intervals should be analyzed when determining
the WCS, as they are the only ones that allow discriminating between OFF and Non-OFF
matches. Moreover, sports practitioners should be conscious that athletes are exposed to
high physical stress during friendly matches but that the reached WCS are lower than those
of the OFF competitions. Still, Non-OFF should be periodized accordingly, with sufficient
recovery (essentially during the preparatory phase) as match time-exposure has been shown
to cause more injuries than training time-exposure (Le., 61.1 injuries/1.000 match hours vs
9.9 injuries/1.000 training hours) during the pre-season [29].

Regarding the different WCS computation methods, the FIX approach underestimated the
intensity in futsal matches when compared to the ROLL in 30-s, 1-, and 3-min intervals,
These results are in line with previous research from different team-sports [10, 17, 18].
For example, Cunningham et al. [18] found that the FIX method undervalued the maximum
and high-speed running distance covered irrespective of the time-window (i.e., 60 - 300-
s} in rugby players. Similar results were obtained in soccer players, with the FIX method
underestimating the relative total and high-speed distances during match-play when
compared to ROLL [20]. Interestingly, no significant differences between the two methods
were found within the 5-min time-window herein. Again, this finding supports that the
utilization of large time-periods to determine the WCS is not recommended, as they do
not accurately portrait the game’s most demanding passages. The intensity significantly
declines as time extends from 30-s to 5-min by both the FIX and ROLL approaches. In
applied settings, the WCS provide useful information for practitioners to optimize training
and rehabilitation prescription. By better understanding the demands of the most intense
periods, coaches can monitor training drills to ensure that players are exposed to such
scenarfos, particularly In technical-tactical training.

Whilst this is the first study that provides the WCS from an elite futsal team (UEFA Champion
League Finalist) in different types of match, it is limited by the fact that only four WCS
time-windows (L.e., 30-s, 1-, 3-, and 5-min) and one external load variable (PL-min") were
considered. Furthermore, this study was limited by the small number of players and the
fact that only one team was recruited, which leads to analyzing only specific tactical
behaviors and the style of the training. Other metrics, such as high-speed running distance
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or accelerations/decelerations, changes of direction, and collisions need to be considered
while quantifying the WCS, as they may affect the most intense periods of the game [30].
A holistic approach to the quantification of the WCS that incorporates a range of external
and internal load variables is needed in order to provide a better understanding of the maost
demanding passages during futsal competition because WCS may occur under multivariate
conditions as mentioned above [30]. Regarding future research, it would be interesting
to analyze how technical-tactical parameters can influence the WCS [30], how these are
influenced by the context of situational variables (e.g. 5 vs 4 game in the court, home vs
away advantage etc.), and the model of the game and the effectiveness of actions in the
match [31). Lastly, more research comparing the most intense periods of match-play between
youth and professional matches to assist practitioners in planning and optimizing long-term
player development is warranted.

WCS may provide coaches with useful information to optimize training and rehabilitation
practices since a better understanding of the demands of the most intense periods of the
game can be used to monitor training drills, particularly during technical-tactical training
and allow a more progressive return to competition. From an applied perspective, based
on the present data, sport practitioners are advised Lo use short time-periods (Le., 30-s
and 1-min) to quantify the WCS in futsal as these were the only ones found to be able to
discriminate between different types of matches (Le., OFF and Non-OFF). Conversely,
larger time-periods (i.e., 3- and 5-min) appear to obscure the "actual intensity” to which
the players are exposed. In addition, ROLL seems to be more accurate than FIX to detect
the WCS in elite futsal matches.

CONCLUSIONS

In line with the initial hypothesis, OFF matches presented higher WCS when compared to
Non-OFF competition, quantified by ROLL. However, through this computation method,
differences between match types were identified only when short time-intervals (i.e., 30-s
and 1-min) were used. Considering the FIX approach, significant differences in WCS between
the OFF and Non-OFF games were found in all time-windows. Moreover, this method
significantly underestimated the WCS from 30-s to 3-min, but not in the 5-min time-epoch
compared to ROLL. Lastly, irrespective of the computation method, 30-s intervals were
found to display the highest WCS and 5-min, the lowest.
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APPENDIX 5. Study 5: ANALYSIS OF THE COUNTERMOVEMENT JUMP
VARIABLES ACCORDING TO COMPETITIVE LEVELS AND PLAYING
POSITIONS IN FUTSAL.
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Analysis of the Countermovement Jump Variables according to Competitive Levels and
Playing Positions in Futsal.
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5 ABSTRACT

6 The aims of this study were to compare several countermovement jump (CMJ) kinetic

7  wvariables between professional (PRO) and semi-professional (SEMI-PRO) futsal

8  players and examine the differences amongst playing positions. CMJ performance from

9 56 male futsal players (25.2 = 4.8 years; weight: 74.4 = 6.4 kg) was analysed. Players
10 were separated into PRO (n=29; 27.0 = 4.4 years; 75.4 = 6.0 kg) and SEMI-PRO (n=
10 11 27;22.7 + 43 years; 73.1 = 6.8 kg), and according to playing position: defenders (n =
11 12 16; 254 3.7 years; 75.2 = 6.0 kg), wingers (n = 26; 23.5 = 4.5 years; 72.0 = 6.9 kg),
13 and pivots (n = 14; 28.0 = 5.6 years; 77.8 = 4.3 kg). Linear mixed models and effect
14 14 sizes were used for the analyses based on the mean of two jumps for each variable. PRO
15 15  players presented a higher center of mass (COM) displacement (p = 0.002, ES = 0.83),
16 16  greater eccentric absolute (p=10.019, ES = 0.61) and relative peak power (p =0.046, ES
17 17 = 0.52), and achieved greater eccentric peak velocities (p = 0.004, ES = 0.76) when
18 18 compared to SEMI-PRO. Non-significant and tnvial-to-small differences were
i 19 observed in all the other CMJ variables according to the competitive level and playing
21 20  position. Ecc capabilities (i.e., deeper COM displacement, greater Ecc absolute and
2 21  relative peak power, and peak velocity) during vertical jump seem to differentiate PRO
23 22 and SEMI-PRO players. However, CMJ variables do not discriminate amongst playing
24 23 positions in futsal players.

VoONOWm S N -~

26 25  Keywords: vertical jump, playing role, professional, team-sport,
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INTRODUCTION

Futsal is a high-intensity intermittent sport in which, during match-play, players perform
a great number of accelerations, decelerations, changes of direction, and explosive
movements (16, 21, 22). For example, professional (PRO) futsal players have been
shown to cover 13750 m, from which (7135 m are performed at high-intensity running
velocities (> 18 km-h''), and complete ~5 accelerations and ~5 decelerations per min of
“court time” (16). When compared to semi-professional (SEMI-PRO) competition (e.g.,
national state team), match physical demands are higher in PRO (e.g., international level
team), with players covering a 42% greater total distance (/4300 m vs. 723000 m),
completing a higher number of sideways or backward movements, and total overall
activities (i.e., “470 vs. 7:310) (4). For this reason, well-developed physical capabilities
play a crucial role in futsal, as they allow players to cope with the high-intensity
demands of match-play.

Regarding neuromuscular performance, several studies (5, 6, 10, 14, 17, 18) found that
PRO players significantly outperform SEMI-PRO in sprint, repeated sprint ability,
standing broad jump, and change of direction and reactive agility tests. Remarkably,
when it comes to jumping ability, PRO players have been reported to present similar
values in countermovement jump (CMJ) height when compared to their SEMI-PRO
counterparts (14, 18). However, CMJ height alone may not be sensitive enough to
analyse the neuromuscular characteristics (1.e., explosiveness, fatigue, adaptation, etc.)
of an athlete or to detect changes in the jump strategy (eccentric [ Ecc] - concentric [Con]
phase metrics) as a consequence of training or competition stimuli (1, 12). Therefore, a
more comprehensive analysis of kinetic variables during the jump-land cycle in both
PRO and SEMI-PRO futsal players is warranted, particularly taking into account that
vertical force production plays a crucial role in athletic actions, such as sprinting and
change of direction (13),

Considering players’ positional demands, recent studies (9, 15, 19) demonstrated that
match activities vary amongst positions (i.e., defenders [D], wingers [W], and pivots
[P]). However, Caetano et al. (2) found no match demands positional differences in
terms of sprint distance, peak velocity, recovery time between consecutive sprints, and
number of sprints per minute. Interestingly, only one study (5) evaluated jumping ability
(i.e., CMJ height) amongst playing positions in futsal, and reported non-significant
differences when comparing goalkeepers, D. W, and P. Again, no additional CMJ
metrics were analysed and futsal practitioners could benefit from a more thorough
playing position-specific analysis of the neuromuscular performance to prescribe tailor-
made training programs.

To date, no studies have analyzed the differences in CMJ kinetic variables according to
competition level (i.e., PRO vs. SEMI-PRO) and playing position (i.e., D, W, and P).
Thus, the aims of this study were to: 1) compare several CMJ metrics (1.e., CMJ height,
center of mass [COM)] displacement, flight-contraction time, modified reactive strength
index [RSl;y], and Ecc and Con duration, peak force, power, and velocity) between
PRO and SEMI-PRO futsal players; and 2) analyze the differences in the above-
mentioned metrics among playing positions (i.e., D, W, and P). According to the futsal
match demands highlighted above, we hypothesized that: 1) PRO players would present
higher performance in all CMJ metrics when compared to SEMI-PRO players; and 2)
no differences on CMJ variables would be found between playing positions due to the
tactical and technical characteristics of the sport (that make players more flexible to
changing or rotating positions (20)).

MATERIALS AND METHODS
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1
2
3 77 Study Desgin
p 78  This retrospective study was designed to compare the CMJ kinetics metrics between
6 79  PRO and SEMI-PRO futsal players and amongst playing position. All players were
7 80 evaluated after the pre-season period (i.e., September) during the seasons 2019-2020
8 81 and 2021-2022. CMJ data were collected following a standardized general warm-up
9 82  protocol consisting of running-based activities, dynamic stretching, and core and lower-
10 83  body activation exercises, followed by a test-specific warm-up (i.e., sub-maximal CMJ
:; 84  attempts). All evaluations were completed at the same time of the day, in the same
13 85  facilities and following at least 24h of rest (i.e., training day-off) to avoid any acute or
14 86  residual fatigue effects.
15 87
16 88  Subjects
17 89  Fifty-six male futsal players (age: 25.2 + 4.8 years; body mass: 74.4 = 6.4 kg) were
18 90  recruited from 4 different teams and classified as PRO or SEMI-PRO according to their
;: 91  competitive level. The former group consisted of 29 players (age: 27.0 = 4.4 years; body
2 92 mass: 75.4 = 6.0 kg) that competed in the 1** Division of Spain (Liga Nacional de Fatbol
22 93  Sala [LNFS]) whereas the latter consisted of 27 players (age: 22.7 = 4.3 years; body
23 94  mass: 73.1 = 6.8 kg) competing in either the 2™ Division of Spain (n = &), or the 2* B
24 95  Division of Spain (n = 19). Furthermore, all players were separated per position as
25 96  follows: 16 D (age: 25.4 = 3.7 years; body mass: 75.2 = 6.0 kg), 26 W (age: 23.5+45
26 97  years; body mass: 72.0 = 6.9 kg), and 14 P (age: 28.0 = 5.6 years; body mass: 77.8 =43
i; 98  kg). Goalkeepers were not included in this study. All the recruited players were free
29 99  from injury and completed the standard training program of their respective team during
30 100 the weeks preceding the test session. All players provided individual consent for data
31 101 collection and study participation. All procedures were approved by the Local Ethics
;; 102 Committee and conducted according to the Declaration of Helsinki.

103
;‘; 104  Methodology
6 105 Vertical Jump Test: Players performed the CMJ test on a portable force platform (Kistler
37 106  9286BA, Kistler Group, Winterthur, Switzerland). All data were exported and analyzed
38 107 with a specific software (ForceDecks, Vald Performance, Brisbane, Australia). Players
39 108  were required to perform a downward movement followed by a complete, rapid
40 109  extension of the lower-limbs. The depth of the countermovement was self-selected to
“ 110 avoid changes in jumping coordination. The hands were placed on the hips throughout
:i 111 the whole movement and athletes were directed to jump as high as possible and land
44 112 close to the take-off point. They executed two maximal trials with | min rest and the
45 113 mean of the two jumps was retained for analysis. The following variables were selected:
46 114 CMI height, COM displacement, flight-contraction time, RS, and Ecc and Con
47 115  duration, peak force, power, and velocity. A total of 64 individual CMJ samples were
:g 116  analysed, as some participants were assessed both seasons.

117
o 118  Statistical analysis
52 119 The results are reported as estimated marginal means with 95% confidence intervals.
53 120 Before running linear mixed models, boxplots and histograms were used to identify and
54 121 exclude potentially influential data points. Following this analysis, residual plots were
55 122 visually inspected to determine deviations from homoscedasticity or normality. All
56 123 assumptions were met, and the normality of the residuals was also assessed using the
:; 124  Kolmogorov-Smirnov test. Linear mixed models were constructed to examine
5o 125  differences in CMIJ variables according to competitive level and playing position,
60 126  accounting for individual repeated measures. In all linear mixed models, competitive

4
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level (two levels) and playing position (three levels) were used as fixed effect and player
as random effect with a random intercept and fixed slope. All assumptions were met,
and the normality of the residuals was assessed using the Kolmogorov-Smimov test.
Pairwise comparisons were performed using post-hoc tests. The t statistics from the
mixed model were converted into Cohen’s d effect sizes and associated 95% confidence
intervals. Effect sizes were interpreted as follows: <0.2, trivial; 0.20-0.59, small; 0.60-
1.19, moderate; 1.2-1.99, large; and 2.0, very large (8). An alpha level of p < 0.05 was
set a priori for statistical significance. All tests used in this study displayed high levels
of absolute and relative reliability (i.e., intraclass correlation coefficients >0.90 and
coefficients of variation <10%). All data were analysed using a statistical package
(Jamovi, version 1.8, 2021).

RESULTS

Descriptive data and statistical analyses for CMJ kinetic variables according to
competitive level are presented in Table 1. PRO players displayed greater COM
displacement (p = 0.002, ES = 0.83, moderate), higher Ecc absolute (p = 0.019, ES =
0.61, moderate) and relative peak power (p = 0.046, ES = (.52, small), and greater Ecc
peak velocities (p = 0.004, ES = (.76, moderate) when compared to SEMI-PRO. Non-
significant and trivial-to-small differences were observed in all other CMJ variables
(Ecc and Con phase) according to the competitive level.

***Insert Table | around here***

Descriptive data and statistical analyses for CMJ kinetic metrics according to playing
position are presented in Table 2. No statistically significant differences (p > 0.05, ES
ranging from 0.00 to 0.51, trivial-to-small) were observed in any of the CMJ variables
when comparing among positions,

***Insert Table 2 around here***

DISCUSSION

The present study is the first comparing the CMJ kinetic metrics between PRO and
SEMI-PRO futsal players and examining the differences among playing positions (i.e.,
D, W, and P). The main findings were that: 1) PRO players displayed superior Ecc
capabilities, performing a higher COM displacement, generating greater absolute and
relative peak power, and achieving greater peak velocities during the Ecc phase when
compared to SEMI-PRO players; and 2) non-significant differences were found in any
CMI variables when considering playing positions.

Regarding jumping ability between competition levels, previous studies (14, 18) found
that PRO players presented similar CMJ height values when compared to SEMI-PRO
players, which is in line with the results obtained herein. This implies that CMJ height
alone may not be the most suitable metric to discriminate players of superior competitive
level or to be used for talent identification purposes. Conversely, when conducting a
more comprehensive analysis of the kinetic variables during the jump-land cycle, PRO
players displayed superior outcomes in several metrics of the Ecc (i.e., downward) phase
(i.e., COM displacement, Ecc absolute and relative peak power, and Ecc peak velocity)
than their lower-level counterparts. This difference could be explained, at least in part,
by the higher number of matches and training sessions that PRO players are exposed to
(i.e,, °50 vs 30 games per competitive season and (/6 vs 3 training sessions per
week) when compared to SEMI-PRO. It is important to highlight that PRO players must

5
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cope with higher physical match-demands and had more years of experience performing
specific movement patterns of the sport, thus, potentially developing superior Ecc
capabilities, stretch-shortening cycle mechanisms and muscle-tendon properties
compared to lower-level players (3, 7). Furthermore, 1t is noteworthy reporting that the
observed differences according to the competitive level seem to be related to the ability
to produce higher levels of forces on shorter time frames. Accordingly, despite no
differences were observed in peak forces (both absolute and relative) between PRO and
SEMI-PRO players, the former group was characterized by greater levels of power (both
absolute and relative) and greater peak velocities during the Ecc phase. These abilities
may play a key role during the futsal specific movements and contribute to be more
efficient during the match-play from a physical point of view. From an applied
perspective, the present results suggest that: 1) futsal players may benefit from
performing Ecc-based and plyometric exercises, thus producing high levels of force
within short time periods during the training sessions; and 2) a more comprehensive
analysis of CMJ is recommended to evaluate and compare players from different
competitive levels.

When comparing vertical jump ability amongst playing positions (i.e., D, W, and P),
non-significant tnvial-to-small differences were found in all CMJ metrics, which
suggests that vertical jump seems not to differentiate players from different positions.
These results support a previous study (5), that compared the CMJ height among
goalkeepers, D, W, and P, and expand current knowledge by reporting no differences in
a multitude of complementary jump-land variables. To some extent, the similar
performances observed in all CMJ metrics among on-court players could be explained
by the fact that, in futsal, playing positions are not as clearly define as in other indoor
sports (e.g., basketball (23) or handball (11)). In fact, in futsal, tactical behaviours
usually require players to adopt multiple playing positions during the same match
(depending on the strategic plan of the team) which contributes to players having more
similar physical performance profiles (20). Future studies should further investigate
which are the most key determinants factors (e.g., technical-tactical, physical, and
anthropometrical characteristics) for player’s position in futsal.

This study is limited by the fact that CMJ data were collected only at the end of the pre-
season period (i.e., September), which does not allow us to conclude whether similar
results would be obtained during the most crucial moments of the season (ie., in-
season). Moreover, when dividing the sample into playing position, a small sample size
was analysed in each group, which may have precluded us from identifying clear
between-group differences. Lastly, all the subjects competed in Spain and the results of
this study should not be expand to other populations, Future research should incorporate
more physical assessments, such as sprint, change of direction, isometric mid-tight pull,
and strength deficit calculations to better characterize PRO and SEMI-PRO players’
neuromuscular performance.

In conclusion, PRO players presented some superior Ecc capacity, as seen by the deeper
COM displacement, the greater absolute and relative Ecc peak power, and the highest
Ecc peak velocity when compared to SEMI-PRO players. By contrast, no significant
differences were observed in any other CMJ variable. Lastly, non-significant differences
were found amongst playing positions (i.e., D, W, and P) in futsal players, irrespective
of the competitive level.

PRACTICAL APPLICATIONS

From an applied perspective, based on the present results, futsal strength and
conditioning coaches are advised to incorporate plyometric and Ecc-overload exercises

6
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during the training sessions, as Ecc capabilities during vertical jump seem to
discriminate between PRO and SEMI-PRO players. In addition, a more thorough
analysis of the CMI is recommended as neuromuscular changes that may exist, might
not be expressed by CMJ height alone. Finally, players’ position should not be defined
taking into consideration the CMJs vanables in futsal.
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APPENDIX 6. Study 6: CHANGES IN NEUROMUSCULAR PERFORMANCE
DURING PRE AND EARLY COMPETITIVE SEASON IN ELITE FUTSAL
PLAYERS.
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Seasonal Changes 1n Performance in Futsal |

1 Changes in Neuromuscular Performance During Pre and Early Competitive Season in
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1 Seasonal Changes in Performance 1n Futsal 2

2

3

© 3 ABSTRACT

E_j 4 This study aimed to investigate the variations on vertical jump and sprint performance during the

8

g 5§  first weeks of a futsal season. Eleven elite futsal players, competing in Spain’s 1# Division over
10

i1 6  the season 2019-2020. performed two countermovement jumps (CMJ) on a force platform at three
14 7 different imepoints: before the pre-season; immediately after the pre-season: and early in-season.
16 8 A one-way repeated measure ANOVA with Post-hoc pairwise comparisons and effect sizes (ESs)
15 9  wereused. Non-significant and trivial changes were observed in CMJscign (p = 0.830: ES = 0.12)
21 10  among the three timepoints. However, significant and moderate positive changes amongst seasons
11 were found in specific CMJ kinetic variables such as: modified reactive strength index (p=0.011;
26 12 ES = 0.60), eccentric (Ecc) peak force (p = 0.011: ES = 0.65). Ecc deceleration rate of force
28 13 development (p = 0.008: ES = 0.60), Ecc duration (p = 0.040; ES = 0.89), and concentric (p =
21 14 0.030: ES = 0.45) and landing peak force (p = 0.012; ES = 0.68). A significant time interaction
33 15  was observed in sprint performance (p = 0.038; ES = 0.58); however, non-significant and small-
2z 16 moderate changes were detected in sprint time when compared among periods. In conclusion, CMJ
38 17  kinetic variables should be incorporated and analyzed alongside more standard measures
18  (CMJucign) to monitor performance in elite futsal players. as changes of substantial magnitude were
43 19  observed in phase-specific metrics during the Pre-Season and the initial stages of the competitive

45 20  calendar.
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Seasonal Changes in Performance in Futsal 3
INTRODUCTION

Players” physical capacities (i.e., muscular strength and power. speed. agility, acrobic and
anaerobic fitness) play an important role in futsal match-play (24). This team-sport is intermittent
by nature and is characterized by alternating low- to high- intensity actions, and by the large
number of accelerations, decelerations, and changes of direction (20, 25). In addition, the total
training and match-play stress imposed on futsal players, may vary during different periods of the
season (19). For this reason. monitoring training and competition loads, and players’ performance

is common practice as reported by most practitioners in this sport (23).

Due to the long (and periodically match-congested) season in futsal, regularly assessing
players’ physical capacities is important as it allows coaches and sport scientists to make more
informed decisions about specific training and recovery needs. In this context, Ribeiro et al. (21)
recommended that vertical jump testing (i.e., countermovement jump [CMJ]) should be conducted
as it may help understand players’ neuromuscular readiness to compete which has implications for
their match performance and. consequently. for the final team result. However, it is important to
consider that CMJ height (CMJgsg) may not be sensitive enough to detect changes in stretch-
shortening cycle performance or the contractile system function since evidence indicates that
athletes may change their movement strategy to maintain (or even increase) jump height (3. 6. 7,
22). For example. in elite futsal players, Spyrou et al. (22) found that after a prolonged period of
reduced training CMlJp.iz Was not impaired, but specific eccentric (Ecc) and landing phase metrics
were significantly altered. Therefore. a more comprehensive kinetic analysis of the CMJ force-
time curve and its derivative impulse, power. velocity, displacement metrics could enhance the
detection of positive or negative changes in athlete neuromuscular performance (11). Nevertheless,

evidence describing how these CMJ metrics fluctuate across and within different phases of the
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1 Seasonal Changes in Performance in Futsal 4
3
; 44  season (e.g.. Pre-Season [Pres] versus In-Season [Iny]) is still scarce and thus. more research on
6
7 45  this topic is warranted.
g
Q
10 46 On the other hand, studies (4-6, 8) from different team-sports have demonstrated that
11

*< 47  neuromuscular performance, such as sprinting and jumping ability. tends to be maintained or
15 48  decrease In. when compared to post Pre.. but few investigations have specifically evaluated this
17 49  in futsal players (1, 16-1R). For instance, Oliveira et al. (18) observed that repeated sprint ability
2o 50  was maintained from post Pres to the middle of the In... Another study. in a sample of Brazilian
22 51 futsal players noted improved performance in the Yo-Yo Intermittent Recovery Level 2 and squat
5c 52 jump tests following a 4-week Pre. period (17). However, the potential variation in a range of

27 53  CMIJ metrics during Pre.. and early In. has not been studied in elite futsal players.

30 s4 The present study aimed to investigate the fluctuations in neuromuscular performance (i.e..
.3 55  sprinting and jumping ability) across the initial 10 weeks of the season (including Pre,cand In) in
35 56 asample of elite futsal players. It was hypothesized that performance would increase during Pre..
57  and then, due to the demands of competition. be maintained or slightly decrease during the early

40 58  In. period.
43 59 METHODS
46 g0  Experimental Approach to the Problem

49 61 This descriptive study was designed to assess the neuromuscular performance fluctuations
2 62 (Le, sprint time and CMJ jump-landing metrics) of professional male futsal players. The
54 63  participants competed on Liga Nacional de Fiithol Sala (LNFS, 1** Division of Spain). during the
=5 64  season 2019-2020. The testing procedures were carried out at the beginning of Pre.. (July 30%),

59 65  post Pres. (September 10™), and after the first month of the competitive season (In..) (October 14™)

2

oo
0 & U
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; 66  (Figure 1). The players completed the same standardized general warm-up protocol consisting of
; 67  running-based activities. dynamic stretching. and core and lower-body activation exercises,
8
lg 68 followed by a test-specific warm-up (i.e.. two sub-maximal attempts in all tested exercises). All
11

1> 69  evaluations were completed in the team’s facilities and performed following the same order
14 70  (vertical jump and then sprint test). Each trial was separated by a |-min rest interval, and 3-min
71 were allowed between tests. The Pre.. evaluation was performed in the morning, at the beginning
19 72 of the team’s 1* training session (after off-season period). and all the other assessments were
2L 73 conducted in the morning after a recovery session day (i.e., Match Day +3) in order to minimize

24 74  the potential influence of acute or residual fatigue induced by match-play on performance.

27 75 ***Insert Figure 1***

5y 76 Subjects

a3 77 Eleven players (age: 28.0 = 5.7 years old, body mass: 73.9 = 8.0 kg, height: 1.79 + 0.06 m)
35 78  from a professional futsal team participated in this study. Athletes who did not complete all the
79  assessments due to injuries were not included in the analysis. By signing a professional contract
40 80  with the club. all players provided individual consent for data collection and study participation.
42 g1 Al procedures were approved by the Local Ethics Committee and conducted according to the

45 82  Declaration of Helsinki.
48 83  Procedures

51 84 Vertical Jump Test: Athletes performed a CMJ test on a portable force platform (Kistler
-, 85 9286BA., Kistler Group. Winterthur, Switzerland). All data was exported and analyzed with
56 86 proprietary software (ForceDecks. Vald Performance, Brisbane. Australia). Athletes were

> 87 instructedto place hands on the hips and perform a rapid downward movement followed by a rapid
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2
3
; 88  extension of the lower-limbs and to jump as high as possible and land on the platform. No other
&
7 89 instructions were given regarding landing technique or and countermovement depth — which was
8
13 90 self-selected. Players performed two maximal trials with [-min rest (ICC: = 0.87, CV: = 6.5%).
11

12 91 The CMJpeign was derived from impulse-momentum equation (12), and the following additional
14 92  CMIJ jump-landing variables were analyzed: modified reactive strength index (RSluod). Ecc and
93  concentric (Con) power, force, velocity, duration. Ecc deceleration (Dec) rate of force
19 94  development (RFD), center of mass (COM) displacement. and landing peak force. The mean data

2L g5  ofthe two jumps used for analysis to reduce the random error (9).

55 96 Sprint Test: Two pairs of photocells (WITTY System. Microgate, Bolzano, Italy). were
27 97  positioned at the starting line and at 10-m. Players started from a standing position, 0.3-m behind
98 the starting line and. when ready (without an investigator’s signal), performed a maximal all-out
3z 99  linear sprint effort twice. with a |-min rest (intraclass correlation coefficient [ICC] = (.85,
34 100  coefficient of variation [CV]: = 2.4%). The fastest time was considered for analysis. All athletes

27 101 performed the test using the regular futsal shoes.

40 102  Statistical Analysis

43 103 Data are presented as mean + standard deviation. Statistical analysis was performed using
104  a statistical package (Jamovi. 2020; Version 1.8). One-way repeated measures ANOVA was used
48 105  with Post-hoc pairwise comparisons conducted. Cohen’s effect sizes (ESs) with 95% confidence
=9 106 intervals (95% CI) were computed to determine the magnitude of every paired comparison and
=z 107  classified as: trivial (<0.2), small (>0.2-0.6), moderate (>0.6-1.2), large (>1.2-2.0), and very large

55 108  (>2.0-4.0) (2). Significance level was set at p < 0.05.

5% 109  RESULTS
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; 110 Table | depicts the data for the CMJ kinetic variables analyzed. Significant and moderate-
6
; 111 large increases were found in RSlxe (p = 0.011; ES = 0.60), particularly. when comparing Pre..
9
ig 112 to post Pre.(p =0.005: ES = 1.26: 95% CI = 0.44-2.05). Considering the downward (“Ecc”) phase,
12

77 113 asignificant and moderately higher peak force (p = (0.011: ES = 0.65) was found post Pre,. when
114  compared to Pre. (p = 0.039:; ES = 0.87: 95% CI = 0.15-1.55). Dec RFD (p = 0.008: ES = 0.60)
2p 115 significantly increased from Pre.cto post Pre.(p = 0.044; ES = 0.84; 95% CI= 0.13-1.52) and In..
53 116 (p = 0.019; ES = 0.99: 95% CI = 0.25-1.71). Ecc duration (p = 0.04; ES = (.89) significantly

25 117 decreased when comparing In..to Pre. (p = 0.009: ES = -1.13; 95% CI = -1.89- -0.35).

118 In the upward (“Con”) phase, a significant and moderately higher peak force (p = 0.030;
119 ES = 0.45) was found post Pre.. when compared to Pre. (p = 0.033: ES = 0.90: 95% CI = 0.18-
120 1.59). A significant time effect was found for landing peak force (p = 0.012: ES = 0.68); however.
25 121 non-significant and small-moderate changes were detected within periods. Non-significant and

122 small-trivial changes were observed in all other analyzed variables.

4319 ***Insert Table 1 here***
124 Figure 2 presents the group and individual data for sprint performance across the first 10
125  weeks of the season. A significant time interaction was found for sprint time (p = 0.038: ES =

=5 126  0.58); however, non-significant and small-moderate changes were detected in sprint time when
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127  comparing Pre. to post Pres(p = 0.177: ES = -0.58; 95% CI=-1.21-0.06), and In.. (p = 0.821: ES

e I IR R PUR S

128  =(.18:95% CI =-0.41-0.77), and post Pre. to In. (p = 0.073; ES = 0.75: 95% CI = 0.06-1.41).

11 129 ***Insert Figure 2 here***

14 130 DISCUSSION

18 131 The purpose of this study was to investigate potential changes in neuromuscular
21 132  performance in elite futsal players during the first 10 weeks of the season (i.e., Pre.. and early In,.).
24 133 The main findings were that: 1) jump height did not change during the Pre.. and in the early
27 134  competition season: 2) improvements in specific CMJ kinetic variables (i.e., RSInoa, Ecc peak
30 135  force. Ecc Dec RFD and Con peak force) were observed post Pre,.. which indicated an enhanced
33 136  neuromuscular status; 3) positive changes were also found in Ecc Dec RFD and Ecc duration when
3% 137 comparing In. to Pre.; and 4) a significant time interaction was found in sprint time (that improved
#% 138 post Pre, and deteriorated in the early competitive season: however, changes between periods

42 139 were small and non-significant.

46 140 Regarding vertical jump performance, several CMJ metrics (i.e.. RSlnoa, Ecc peak force.
49 141 Ecc Dec RFD, Ecc duration, and Con peak force) improved from Pre.. to early competitive season
52 142 (Ink). Of note, jump height was not altered during the first 10 weeks of the season while specific
S5 143 CMIJ metrics significantly changed post Pre.and In... Similar results have been observed in other

5% 144 team-sports in the sense that meaningful alterations in jump height were not detected in response
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g 145  to loading or unloading, whereas a more thorough kinetic analysis of the CMJ revealed significant
&
; 146  changes in neuromuscular function (3, 6, 7, 10, 13, 22). For example. in elite rugby players
9
i? 147  Lonergan et al (13) noted significant improvements in a number of CMJ variables such as Con
12
i: 148  duration, countermovement depth, Con impulse-100ms, Con RFD, Ecc Dec RFD, RSl and
15
16

149  flight time-contraction time comparing the start and the end of the season. Regarding the current
5p 150 study. in the early In. period, further but non-significant improvements were noted in Ecc Dec
53 151 RFD, Ecc and Con duration, COM displacement. These results provide additional evidence that
25 152 specific CMJ kinetic variables may be more sensitive than CMJugi to detect changes in stretch-
29 153 shortening musculotendinous or neuromuscular function. Furthermore, it is important to note that,
3> 154  across the two phases, the kinetic or “strategy” variables do not all follow the same pattern with
35 155  respect to the magnitude and timing of change. For example. there was a significant large RSlxoa
3g 156  improvement during Pre.. but the variable was stable during the early In,. period. In contrast, Ecc
41 157  duration showed small to moderate improvements across both phases with these changes only
44 158  achieving significance (relative to Pres) in the In. assessment. This highlights the potential value
47 159  of examining the component durations of a composite variable/indexes such as RSImoe when
50 160  monitoring short-term chronic adaptations. The “uncoupling™ of trends across variables might also
53 161  reflect a differential time course of response to loading and dissimilar loading patterns during Pre..
56 162  versus In.. Cohen et al (3) previously noted such a pattern with respect to detraining, whereby

59 163  differing durations and type of chronic unloading were associated with divergent profiles of change
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Seasonal Changes in Performance in Futsal 10
in CMJ kinetics. A thorough kinetic analysis of the CMJ might, therefore, provide sport
practitioners with valuable information regarding athlete status and adaptations that may not
manifest in jump height. It is also important to be aware that kinetic variables may differ in their
response and sensitivity to loading, warranting exploration of trends within their sport and athlete

cohort.

While the overall time interaction for sprint performance was significant, non-significant
changes were detected when comparing the different phases. Specifically, players were faster after
the Pre,. but performance deteriorated during early In,., which aligns with previous studies (8, 14,
15, 18). For example, Arcos et al. (14) found non-significant improvements in acceleration (5-m)
and sprint (15-m) time In,. compared to Pre.. in soccer players. A study in male professional
players found a negative effect of a 9-week Pre.. conditioning program on sprint performance (15).
Conversely, also in professional soccer players, Fessi et al. (5) reported significantly faster
sprinting times post Pres. when compared to both Pre.. and In... These inconsistencies could be
explained by the different training programs carried out (the specifics of which were not described
in these studies), the players” profiles, such as chronological and training age or the competitive
level, game congestion, and timing of tests relative to the game or training load. The present results
suggest. from an applied perspective, that strength and conditioning coaches should frequently
assess sprint capacity within the training sessions (using automatic timing systems) to facilitate

the prescription of tailored-made training programs, with adequate sprint exposure and recovery.
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; 183 This study is limited by its small sample size. Nevertheless, it is important to note that
8
; 184  futsal teams are composed of 12 to 14 athletes, from which 11 (>80% of the team’s players) were
]
i? 185  tested on three occasions during the first 10 weeks of the season (contemplating the Pre.. post
12
if 186  Pres. and In,). Moreover, players’ total training and match load, an important determinant of
15
ig 187  neuromuscular status, were not recorded during the 10-week period.
18
19
i? 188 In summary, the present study adds to the body of evidence demonstrating that while

23 189  CMJpeige may not change. longitudinally positive or negative alterations in neuromuscular
26 190 performance may be detected by monitoring phase-specific CMJ kinetics. Changes in RSInos, Ecc
191  peak force, Dec RFD, and duration, indicative of positive adaptations to Pre. training. were
192  observed in elite futsal players during the first 10 weeks of the season. Other CMJ metrics such as
3¢ 193 Ecc peak power and velocity, COM displacement, Con peak power. velocity, and duration, and
35 194 landing peak force showed small positive but non-significant changes across the studied periods.
195  Regarding sprint performance, a significant time interaction was found in sprint time but the post-
45 196  hoc analysis was unable to decipher meaningful differences between the phases of the season as

4z 197  changes were small and non-significant.
198  PRACTICAL APPLICATIONS

55 199 Based on the current data, strength and conditioning coaches should implement a thorough

5% 200  analysis of the players’ CMJ kinetics, as neuromuscular adaptations that may occur, might not be
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expressed by changes in CMJycign. Metrics, such as RSImos. Ece and Con peak force, Ecc duration,
and Dec RFD may be more sensitive to neuromuscular chronic adaptations of futsal players to on-
and off-court training, and competition. Finally, sport practitioners are advised to use a broad
speed-power assessment during season to evaluate player’s physical adaptations and adjust the

training session accordingly.
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APPENDIX 7. Study 7. NEUROMUSCULAR PERFORMANCE CHANGES IN
ELITE FUTSAL PLAYERS OVER A COMPETITIVE SEASON
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Abstract

Spyrou, K, Alcaraz, PE, Marin-Cascales, E, Herrero-Carmasco, R, Cohen, DD, and Freitas, TT. Neuromuscular parformance
changes in elite futsal players over a competitive season. J Strangth Cond Ras XX[X: 000-000, 2022—A professional futsal season
Imposes a great amount of physiological and mechanical stress on players. The main alm of this study was to examine the changes
in neuromuscular performance qualities across the season. Ten professional male players periormed a 10-m sprint, standing long
Jumps {SLJs), and countermovement jumps {CMJs) during the competitive season (L.e., every ~5 weeks from September to
January). A ong-way repeated measures ANOVA with post hoc pairwise comparisons and effect sizes (ESs) were used to analyze
poiential differencas among these assessments. A significant and large decline was found In concentric peak power {o = 0.040; ES
= 1.24). A nonsignificant and moderate decrease was observed in sprint abiity (o = 0.155; ES = 1.03), CMJ height (p = 0.175; ES
= 1.00), and SLJ distance (p = 0.164; ES = 1.03). Regarding other CMJ kinatic variables, nonsignificant and moderate changes
were found. In summary, considering the neuromuscuar pedformance tests and variables assessed, only concentric peak power in
CMJ decreased significantly across the season; however, nonsignificant decrements were observed in sprinting time, SLJ, CMJ
height, and other kinetic metrics. CMJ variables during the jump-fand cycle should be Incomporated alongside more traditional
measures (e.g., jump height) to monitor performance during the season.

Key Words: five-a-side soccer, physical capacities, fatigue, competitive period

Introduction

Futsal is a high-intensity intermittent indoor sport, with high
physical, technical, and tactical demands (23,27). The typical
petitive scason © of —50 regular matches including
national (1.c., League and Cup) and international (Le., European
club tournaments and Nanional Team) competitions over a span
of —7.5 months, with a frequency of 1-3 games per week. Dunng
a single match, futsal players cover a total distance of —4,000 m,
of which ~6735 mare spent running (12-18 kmh ™ *)and —130 m
sprinting (=18 kmh '), perform ~70 high-intensity accelera-
tions and decelerations, and complete —170 change of direction
acnons (24,28). In addition, they usually complete daily or twice-
a-day scssions for games' preparation, covering as much as
~10 km {on average) at high and very high intensines duning a
typical weekly microcycle (14). Thus, a professional futsal season
tmposes a large physiological and mechanical stress on athleres
(23,27). For this reason, training and competition loads can lead
to not only acute ncuromuscular fatigue (i.c., failure of the mus-
culoskeletal system to mamtain the required force andfor power
output) {31) but also residual {Le., 24-72 hour after exercise (25))
and potennally chronic fatigue (i.c., overtraining syndrome) (4),
throughout the season, if appropriate individual tailor-made
o 15 prog! {e.g.. adjusting recovery umes or limiting on-
court weekly distance) are not considered.

C
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Neuromuscular performance monitoring (ic., through jump,
sprint testing, etc.) is often used as a pracucal wol to periodically
evaluate the response to the training and competition stress that
ream-sport athletes are exposed to across the season (5,10). For
example, decreases in countermovement jump (CM]) perfor-
mance (i.c., jump height) have been observed after soccer and
rughy league matches (1,21). However, a number of studies
(6.9,16) have shown that a mare comprehensive analysis of ki-
netic variables during the jump-land cycle is needed to detect
neuromuscular impairments associated with acute or residual
fatigue, permitted when the test is performed with force plat-
forms. Similarly, adaptive responses after periods of traming
(10,15) or detraining (6,26) may require a thorough analysis of
selected CM) metrics to identify alterations in neuromuscular
status durng the season thar are not detected by monitoring jump
height alone.

Scveral investigations (7,9,12,16,17,30,32) have examined
neuromuscular performance at several nme points during the
sports season and shown that, overall, physical abilities tend to be
maintained or decrease across the season. Legg ecal. (17) detecred
trivial declines (effect size [ES] = —0.18) in CM] performance and
jump-land cycle during the competitive period in clite female
basketball players. Nonetheless, there is also evidence demon-
strating that physical capacities can be enhanced during the
competitive period in team sports (11). For example, Gonzalez
et al. {11) observed, in a sample of elite baskethall players, that
starters improved vertical jump power, quickness, and reaction
time 17.15, 0.29, and 5.66% more, respectively, than nonstarters
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futsal eam volunteered to take parein the study. Athletes who did

during the The variabdlity in findings across duesesmdj:s
may be ateributed o differences i m lhe duracmmsuu or & d
of the sport, the level of the comy 1, the congestion of the

competitive calendar (e, different numbﬂ of matches per week),
age (e.g., youth-amateur vs experienced), or contextual factors
(.5, player role: starters v§ nonstarters) (9,11,16,32). Regarding
futsal, few studses {2,22.29) have mvestigated potential changes
in physxcal capacities across the season. hmcubtly, in pro-
tessional futsal players, the influence of training and competition
stress on sprint, horizontal and vertical jump performance, and
CM] kinetic vanables (assessed multple times across the com-
petitive period) has not been examined.

Based on the above consaderations, the aim of this study was to
examine potential changes in speed-power-related  outputs
(1.e., sprint speed, standing long jump [SL]| distance, and vertical
jump height) and CM] kinetic variables (derived from the ec-
centric, concentric, and landing phases) across the season in elite
futsal players. Because of the prolonged and congessed schedule in
professional futsal, we hypothesized that pecformance across all
metracs would decline as the season progressed.

Experimental Approach to the Problem

This longitudinal study was designed to track the neuromuscular
performance (ie., sprint nme, CM] kmetic varzables, and SL]
distance) of elite male fursal players. The subjects cc i on

not complete more than | assessment due 10 myury (e, as de-
termined by the ream’s medical team that was responsible for the
evaluation and recording of mnjuries according to the consensus
statement of injuries in soccer (8), previously used in futsal (18))
were not mncluded i the analysis. Two players did not meet these
inclusion criteria; hence, 10 players were finally ncluded in the
study. By signing a professional contrace with the club, all players
provided individual consent for data collection and study par-
ticipation, All procedures were approved by the local ethics
committee and conducted according to the Declaraton of
Helsmki.

Procedures

Sprimt Test. Two pairs of photocells (WITTY System, Microgare,
Bolzano, Italy) were poss d at the g lise and at 10 m.
Players started from a staggered position, 03 m behind the
starting line and performed a maximal all-out linear sprint twice,
with a l-minute rest (intraclass correlation coefficient [ICC) =«
0.71, coefficient of vartation [CV]: = 4.5% ). The fastest time was
conssdered for analysis. All athletes performed the test on a
wooden surface wing regular futsal shoes,

Horizontal Jump Test. Athletes performed a SLJ, positioning their
feet shoulder-width apart behind the starting line and the arms at
the side of the body. A countermovement with arm swing was

Liga Nacional de Fiathol Sala (LNFS; first Division of Sprain) and
UEFA Futsal Champions League over the 2019-2020 season,
which spanned from August to March due to the COVID-19
restrictions imposed in Spam. The testing procedures were per-
formed regularly during the season, at 4 time pomes
(1., September [Sep], Ocrober [Oct], December [Dec), and Jan-

alk I before jumping, They were instrocted to jump as far as
possible in the horizontal direction, and the longese distance was
recorded for analysis. Players performed a maximal effort three
times with a 1-munute rest (ICC: = 0.92, CV: <« 3.8%). Athletes
were required to land with both feet simultaneously, and in case
they fell forward or backward or touched the ground with one
hand, the trial was considered invalid and repeated. The distance

wary [Jan]) (Figure 1). In each session, all players completed the
same standardmed general warm-up protocol consisung of
running-based activities, dynamic stretching, and core and lower-
body activation exercises, followed by a testspecific warm-up
(1.e., submaximal attempts in all tested exercises). The regular and

gested weekly i ining and game schedule 1§ pre-
sented in Table 1. The evaluations were completed in the ream's
facilines during regular weeks (i.e., 1 game per week), 3 days after
amatch, in the following order: vertical jump, SL], and sprint rese.
Each trial was separated by a 1-munute rest inrerval, and 3 ms-
nutes were allowed between successive tests.

Subjects
Twelve players (age: 26.7 * 3.1 years old, body mass: 76.7 = 6.3
kg, height: 1.79 * 0.06 m, body fat: 9.9 = 1.2%) from an elite

by the starting point and the heel of the rear foot measured
by a tape to the nearest 1 ¢m was considered,

Vertical Jtemp Test. Athletes performed a CM] on a portable force
platform (Ksstler 9286BA Kistler Group, Winterthur, Switzer-
land). Data were exported and analyzed using proprietary soft-
ware (Python v.3.8.3). Athletes were required to perform a
downward movement followed by 2 ¢ lete, rapid ion of
the lower limbs. The depeh of lhc countermovement was self-
selected to avoid changes in jumy The hands
were placed on the hips thmug,hout thc whole movement, and
athletes were directed to jump as high as possible and land dose to
the take-off point. They executed three maximal truals with a 1-
minute rest between each {ICC: = 0.97, CV: = 5.9%). Jump
beight and multple kinetsc variables (i.e., eccentric and concentric
peak power and veloaty, duration, center of mass [COM|

Typically normal and congested weekly schedule during the competitive period.*

Normal Week (1 Gamed

Day 1 2 3 4 5 6 7
A Recovery Power-sirengh traning  Power-srengh ¥ainng  Tec-Tact enog  Tec-Tactimining  Tec-Tact raming  Game
) Tec-Tact traning Tac-Tact training
Congeatad week (>2 Games)
Day 1 2 3 4 5 6 7
M Power-strength training  Tec-Tact training Game Recovery Tec-Tact raining  Tec-Tact traning  Game
M Tec-Tact training

I = tactical tresing; Tec = cencal tramng
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September October December January
=5 Weeks =5 Weeks =5 Weeks
* # Matches * 8 Matches * S Matches *
¢ ~41h court f' ~44b court ¢ ~47h court ¢
tralning training training
't ~8h strengrh # ~14h strength 'x' ~11h strength '*
training training training

LEGEND

* Cosmtermon empent Jump Test fﬁuﬂlmm‘nﬂ ."Sﬂﬁm

Figure 1. Representation of the study desion.

displacement, landing peak force, and rate of force development
[RFD] to peak force) from the best jump trial {according to the
highest jump height) were retained for analysis.

Statistical Analyses

Data are presented as mean = standard deviations (SD). Staus-
ucal analysis was performed using a stansncal package {Jamovi,
2020; version 1.8). One-way repeated measures ANOVA was
used, and post hoc pairwise comparisons conducted. Cohen’s ESs
with 95% confidence intervals {95% Cls) were computed to de-
termine the magnitude of every paired companson and classified
as: trivial (<0.2), small (>0.2-0.6), moderate (=0.6-1.2), large
(=1.2-2.0), and very large (>2.0-4.0) (3). Significance level was
setat p = 0.05.

Results

Figure 2 displays the group and individual data for sprint per-
formance during the competitive period. A nonsignificant but
moderate ume effect was observed (p = 0.155; ES = 1.03). Spe-
cifically, the following results were found when comparing con-
secutive measurements: Sep-Oct (p = 0.240; mean difference
[Dif ] = 3.9%; ES = 0.81; 95% CI: [0.07-1.52]}, Oct-Dec (p
= 1.00: Dif . = —1.1%; ES = —0.18; 95% CI: [-0.83-0.47]),
Dec=Jan (p = 0.933; Dif,.., = 2.2%; ES = 0.20; 95% CI:
[-0.50-0.90]}, and Sep-Jan (p = 0.081; Difyean = 4.7%; ES =
1.05; 95% CI: [0.20-1.85]).

Figure 3 presents the group and individual data for vertical and
SLJ performance, and Table 2 depicts the data for selected CM]
kinctic variables. Regarding SLJ distance, a nonsignificant but
moderate ume effect was detected (p = 0.164; ES = 1.03). In
detail, the following results were obtained: Sep-Oct (p = 0.518;
Difuesn = —22%; ES = —0.36; 95% CI: [-0.99 w 0.28]),
Oct-Dec (p = 0.856; Dif,,,, = 0.6%; ES = 0.14; 95% CI:
[=0.51 1o 0.79]), Dec=Jan (p = 0.463; D, = —2.3%; ES =
—-0.54; 95% CI: [-1.27 to 0.21)), and Sep-Jan (p = 0.376;
Dif e = —3.9%; ES = —0.54; 95% CI: [-1.23 10 0.17]).

Considering vertical jump, a significant difference was found
only in concentric peak power (p = 0.040; ES = 1.24), when
companng Sep to Oct (p = 0.013; Difycan —3.1%: ES = —1.26;
95% CI: [-2.09 to —0.40]). Morcover, a nonsignificant and
moderate time effect was found for jump heighr (p = 0,175 ES =
1.00). Specifically, parrwise comparisons displayed the following
results: Sep-Oct (p = 0.300; Dif,, = —3.6%; ES = —0.72;
95% CI: [-1.40 o —0.00]), Oct-Dec (p = 0.595; Dif,.,.,. =

2.6%;ES=0.53;95% CI: | —0.17 to 1.22]), Dec-Jan (p = 0.503;
Dif e = —3.5%; ES = —0.51; 95% CI: [-1.24 t0 0.23]), and
Sep-Jan(p = 0479; Dif .., = —5.1%; ES = —0.48; 95% CI: [ -
1.17 to 0.21}). In the rest of the analyzed vanables during the
CM] concentric (“upward”) phase, no significant changes were
observed (peak velocity: p = 0.142; ES = 1.06; duranon: p =
0.938; ES = 0.20). In the eccentric (“downward”) phase, non-
significant trivial 1o moderate decreases were observed in peak
power (p = 0.529; ES = 0.78), peak veloary (p = 0.238; ES =
0.90), duranon (p = 0.316; ES = 0.84), and COM displacement
(p = 0.554; ES = 0.62). In the landing phase, there were non-
significant and small 1o moderate changes in peak force (p =
0.188; ES = 1.00) and RFD to peak force (p = 0.681; ES = 0.50).

The purpose of this study was to examine potential fluctuations in
neuromuscular performance (e, sprint time, verncal jump
height and selected kinetic variables, and SL] distance) across the
season in clite futsal players. Our main findings were (a) physical
abilities (1.e., sprint time, SL] distance, and vertical jump height)
displayed nonsignificant but gradual dechines throughout the
competitive period, (b) concentric peak power was the only CM]
kinetic variable that decreased significantly, and (c) all other CM]
metrics considering the three phases (i.e., eccentric, concentric,
and landing) showed nonsignificant small to moderate changes.

It seems that elite futsal players were not able to improve their
sprinting ability throughout the competitive period (they sus-
tained a gradual nonsignificant decline), aligning with previous

Sprint

12

K

Al Al v A

Sep Oct Dec Jan
Figure 2. Spant time data during the season. Bars represent
mean vaues. and symbois and lines represent individusal
changes. Dec =~ December; Jan =~ Jfanuary; Oct = October;
Sep ~ September.
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Standing Long Jump

22
20
18
: f L A Al Al
A Sep Oct Dec Jan
Countermovement Jump
45 > -
T4 ; . 3
5_ D — - ——
M v o —
ot .y
20
: { L Ll Ll L
B Sep Oct Dec Jan

Figure 3. A} Standing long jump distance data. Bars rep-
resent mean vakes, and symbols and lines represent in-
divdus changes. Dec = December, Jan = January; Oct =
October; Sep ~ Saptember. B) Vertical jump heght data.
Bars represent mean valuss, and symbols and lines regre-
sent indvaoual changes. Dec = December; Jan = January,
Oct = October; Sep = September

findings in team-sports athletes {13,19,22). For instance, Oliveira
et al. {22) observed that repeated sprint ability was maintained
during m-season in elite Brazihian fursal players. In another study,
Haugen et al. (13) found that sprint performance was superior at
the off-scason compared with in-scason and pre-scason. This
phenomenon could be related to the concurrent traming cffect
between power and endurance adaptarions across the season and
the insufficient recovery during congested periods (13,20). From
an applied standpoint, it is important to note that i this study,
despite not achieving statistical significance, sprint times were
~5% (ES = 1.05) higher (i.c., indicaning lower performance) in
Jan when compared to Sep, suggestive of a gradual decrease in
maximal sprinting ability across the Periodic

of this quality during the competitive period could identify po-
rential neuromuscular performance mmpairments, allowing in-
dividualized  power-speed-oriented  training  prescription
according to a player's competition and traiming cumulative load
and response thercof.

Moderate but nonsignificant decrements in jumping ability
were observed throughout the season. Mean CMJ height and SL|
distance values were, on average, 5.1% (ES = —0.48) and 3.9%
(ES = —0.54) lower, respectively, in Jan when compared to Sep
aligning with findings in other studies in team sports {7,16,17,32).
For example, Kipp et al. (16) observed that although team-
average jump height did not change over the course of the season,
in individual players, greater competition volume was associated
with decreased CM] height in female collegiate volleyball players,
In professional icc hockey, a significant decrease in CM] height
across the season was found (9). By contrast, an investigation in
NBA players revealed that, in players with greater playing

Jonal of Serength and Condiioning Research

minutes, repetitive vertical jump power and lower-body power
increased during the compennve period {11). These divergent
results could be explained by the charactenistics/loading demands
of the sports investgated (e.g., baskethall vs ice hockey) and
ummg of the retest (1.¢., pre-season, carly season, mid-season, and
late scason, 36 hours after the last game vs before the start of the
regular season and at the end of the regular season). In this study,
jump height had slight, steady bur nonsignificant decreases over
the scason. Nevertheless, from a pracucal perspective, it is im-
portant to acknowledge that cach athlete responds individually ro
the applied stress, and by identifying abnormal responses,
tailored-made tramning strategies may then be implemented to
avoidimingate detrimental effects.

A comprehensive kinetic analysis of the CM] idennified a sig-
nificant and large (ES = 1.24) decline in concentric peak power
and small to moderate bur nonsignificant effects in eccentric and
landing phase-specific metrics (i.c., peak power and velocity,
RFD, duration, etc), with the largest differences observed between
Sep and Jan (Table 2). Significant changes in CM] kinenic vani-
ables have been noted in studies in other team-sports athletes
(9,16). In professional ice-hockey athletes, Gannon et al (9)
found that concentric peak velocity and COM displacement de-
creased in the late scason when compared to the carly season.
Moreover, the concentric power decrements may reflect potential
residual fatigue or the muscular skeletal system that negarively
affect power production capabilities as the season progresses (6).
Therefore, sports practitioners, coaches, and sciennists should be
aware that a thorough kinetic analysis of the CM]J might provide
valuable information regarding the neuromuscular status of the
athletes that may not be obtained when analyzing jump height
alone (10,26). Finally, frequent evaluations during the compen-
tive period may allow to describe better the cffects of raming or
competition stress on jump-landing cycle flucruations. We also
noted that although CM] height steadily decreased, eccentric
(i.e., peak power and velocity, duration, and COM displacement)
and landmng (1c., peak force and RFD ro peak force) metrics
showed positive trends during specific time points of the season.

There are limitations to this study that must be acknowledged.
First, the scason was abbreviated because of the COVID-19
pandemic (i.e., interrupted in March 2020 and recommenced
directly with play-off games in June 2020). Therefore, the dura-
tion of the competition season was 6 months mstead of the typical
~8-month season. Second, a small sample size was analyzed.
Nevertheless, it is important to note that fursal teams are com-
posed of only 12-14 players, from which 10 were tested during
the scason, representing >80% of the team’s players. Third,
subject’s roral playing time, which could mediate the fluctuations
of the neuromuscular performance throughout the scason, was
not recorded. Finally, 2 more comprehensive testing battery (e.g.,
including change of direcnon tasks, unilateral/bilateral drop
jumps, or maximal strength assessments) and more frequent
cvaluations (c.g., weekly tests) could allow to describe better the
effects of training or competition stress on neuromuscular per-
formance duning the competitive period. Nevertheless, the aim of
the study was to evaluate the chronic adaptations on neuromus-
cular performance during in-season, with tests conducted at a
moment of the week (Le., three days after competition) at which
point the residual fatigue effects associated with match-play are
limited (25).

In summary, considering the neuromuscular performance tests
and vaniables assessed, only concentric peak power in CM] was
decreased significantly across the season. However, gradual and
nonsignificant decrements were observed in other assessments
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(€.g., sprint nme [4.7%; ES = 1.05], SLJ distance [3.9%; ES = —
0.54]) and vertical jump outcomes {e.g., CM] height [5.1%; ES =
—0.48]). Other jump-landing phase cycle metrics {i.c., eccentnic
peak power and velocity, duration, COM displacement, landing
peak force, and RFD to peak force) showed positive small to
moderate fluctnations throughout the season. The accumulated
training and game demands may preclude futsal players from
increasing gross sprnnting and jumping performance (such as
height or power) during the competitive period.

Practical Applications

Monitoring elite futsal players’ performance s crucial not
only for individual athlete care but also for the tream’s success.
From an applied perspective, monitoring practices should
consider the individual athlete’s response to the match and
rraming stress they are exposed o, to identify the need for
adjustments to competition or traming load/recovery and,
ultimately, to minimize potential performance decrements.
Based on the current data, practitioners are encouraged 1o
perform a broad speed-power assessment including a more
thorough kinctic analysis of the CM] as it might provide
valuable information regarding the neuromuscular status of
the athletes that may not be identified when monitoning jump
height alone. Specifically, concentric peak power should be
considered a vaniable of interest as, in the current study, it was
the only CM] metric that decreased sigmficantly across the
season.
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Abstract

Key Words: flve-a-side soccer, datraining, physical capacities

Spyrou, K, Alcaraz, PE, Marin-Cascales, E, Herrero-Carrasco, R, Cohen, DD, Calleja-Gonzalez, J, Peraira, LA, Loturco, |, and
Freitas, TT. Effacts of the COVID-19 lockdown on nauromuscular performance and body composition in elite futsal players. J
Strangth Cond Res XX{X): 000000, 2021--Reacent world events (l.e., COVID-19 pandemic) led to an unparallaled situation in
sports. Players were forcad to stay at home for a prolonged period and not allowed to use their team’s training facllities or even
axarcise outdoors. The main aim of this study was to examine the effects of the COVID- 13 lockdown on neuromuscular perfor-
mance and body composition In futsal players. Ten elite male players performed a 10-m sprint, horizontal and vertical jump, and
body composition measurements before and after the quarantine (l.e., 70 days). Pre-post confinement differences In horizontal
jump distance, countermovement jump variables, sprinting time, and body compasition were analyzed by a paired sample r-test
and effect sizes (ESs). Alarge and significant decline was observed in sprnt ability (o = 0.004; ES = 1.31). Small and nonsignificant
differences were found in horizontal jJump performance {p = 0.243; ES = —0.39). Nonsignificant differences were observed in
countermovement jump (CMJ) height (p = 0.076; ES = —0.63) but moderate-to-large significant decines wera found In CMJ
accentric deceleration iImpulse, rate of force development, peak power, valocity, and landing peak force (o = 0.05; ES = -0.52
~ 1.283). Finally, trivial and nonsignificant differences were obtained on body composition parameters. In summary, sprint perfor-
mance and specific CMJ kinetic vaniables were significantly affected by Jong-term reduced training, whereas vertical jump height
and horizontal jump distance and body composition were not. Practitioners are advised to Implement efficient sprint-orlented and
eccentric-oriented training strategies to optimize retumn to competition after prolonged detraining periods.

Introduction

Futsal 15 a high-inrensity intermittent indoor sport, with high
physical, technical, and tactical demands during martch-play
(1,3,5,6,27). In competitive scenarios, futsal players have been
shown to cover an average of —4,313 m during a single march,
with high-intensity running corresponding to 13.7% and sprint-
ing to 8.9% of the cfforts performed (3). Morcover, players may
complete —30 sprints, in sequences of 2, 3, and 4 sprints, with
15-60-second rest intervals (5). These data highlight the impor-
tance of players having well-developed neuromuscular capabil-
ities that enable them to successfully perform actions that require
high-power outputs (e.g., sprints, jumps, and rapid changes of
direction) and cope with the high-intensity demands of compen-
non. In this regard, jumping and sprinting ability are commonly
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used as monitoring tools to evaluate players’ performance and
fangue levels throughout the season (7,10,18).

Regarding professional futsal, recent world events have
resulted in an unparalleled situation with important implica-
tons for clite players. At the beginming of 2020 (January—
March), sport leag and tourn worldwide (e.g.,
European soccer and futsal national leagues or the Olympic
Games) were postponed or canceled because of a novel virus:
SARS-CoV-2 (COVID-19). The uncontrolled spread of the virus
caused thousands of cases of respiratory problems globally
leading the World Health Organizanon to declare COVID-19 2
pandemic (23). Most European countries imposed a mandatory
confinement that, among other occupations, affected pro-
fessional sports. As a consequence, athletes were forced to stay
at home and were not allowed to use the team’s training facili-
ties. To face this unprecedented scenario during the in-season
period, coaches and sports sciennsts provided several training
recommendations in an attempt to minimize the detrimental
effects caused by the lackdown on physical performance (15).
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Nevertheless, the actual effects of home confinement and long-
term reduced training cannot be properly comprehended unnl
players return to their normal activities.

According to Mujika and Padilla (20,21), detraining is defined
as the total or parnal loss of anatomical, neuromuscular, and
physiological adaptations due to training reduction or cessation.
Training cessation refers to the parnal or complete pause of a
precise tramning plan; reduced tramming consists on a non-
progressive reduction of the training that may maintain or m-
prove performance (20). On this topic, Koundorakis et al. (17)
observed that after a long-term (i.c., 6 weeks) training cessation
highly trained soccer players’ neuromuscular  responses
(ie., sprint and vertical jump) were negatively affected. Stmilarly,
decreased eccentric knee extension force, electromyographic ac-
tvity of the vastus lateralis during an isometric test, and changes
in type I fiber areas were reported after 2 wecks of training ces-
sanon in power athletes (12). Moreover, fiber type transitions
(Le., from fast type Il to slow type I fibers) have been shown to
occur after detraining in several studies {16,22,30). Thus, it scems
thar sudden decreases in training load for an extended period may
be detrimental to performance, particularly in highly trained -
dividuals. However, a situanon as the one caused by the COVID-
19 (which resulted in professional athletes spending more than 60
days without adequate training, resources, and competition
stmuli} 1s unprecedented, and therefore, its cffects on athlenic
performance are unknown, partcularly in fursal players. In fact,
studies on this topic focused mainly on elite soccer. For example,
an investigation with Brazilian players revealed significant de-
creases in countermovement jump (CM]) and sprint (1.¢., 10- and
20-m) performance after the q ine (11). Similarly, another
study (8) demonstrated thart, although isolated resistance circuit
and acrobic training was able to maintain CM] height, reactive
strength index, and peak concentric and eccentric power during
the lockdown, other specific eccentric (i.e., downward) and
landing phase kinetic variables were significantly altered in elite
soccer players. As such, additional rescarch m neuromuscular
performance components is still needed to better understand the
cffects of long-term training cessation.

Body composition (1.e., body mass, fat percentage, and muscle
mass} is another important aspect to consider in professional ath]

Joumal of Sengeh and Conditianing Resesrch

composition after the home confinement period caused by the
COVID-19 pandemic. In Spain, the lockdown was announced on
March 14, 2020. The prelockdown performance had been pre-
viously assessed on March 3, 2020, (as part of the physical testing
proced applied hly to the futsal players dunng the -
season period) and the postlockdown evaluanion was conducted
on May 13, 2020 (i.c., 70 days later). The preconfinement body
composition data were collected on March 2 and postconfine-
ment assessments were conducted on May 12, 2020 (i.e., after 70
days). Pretest evaluarions were completed for all players collec-
tively, whereas, on posttest, players reported to the laboratory
individually (3 players were assessed each hour, between 09:00
and 13:00 hours), according to the governmental guidelines. All
players were familiarized with the testing procedures because of
their regular routines in our faclities. Players completed the same
standardized general warm-up protocol consisting of running-
based activities, dynamic stretching, core and lower-body acti-
vaton exercises, followed by a restspecific warm-up
(1.e., submaximal attempts mn all tested exercises). Tests were
performed on the following order: vertical jump, horizonzal jump,
and sprint acceleration test. The 10-m sprint test was selected
because futsal march actvity profiles have shown thar the average
sprinting distance is —10.5 m (27). Each trial was separated by a
1-minute rest interval, and 3 minutes were allowed between
successive trials and rests.

During the lockdown, each player followed an individualized
nutritional plan developed by the team’s nutritionist and adjusted
every 2 weeks. To keep prequarantine body composition pa-
rameters, players recorded their body mass twice per week and
reported 1t to the team’s nutritonist. The Harris-Benedict's
equarion (14) was used to measure encrgy expenditure and de-
termine cach player’s energy intake (i.c., should be the same as the
energy expenditure). In addition, all players completed a semi-
structured maintenance training program (Table 1) comprising
exercises using only the body mass as resistance (e.g., verncal and
horizontal jumps, half and full squats, lunges, push-ups, ctc.).
Athletes were instructed to perform these exercises 2-3 nmes per
week, completing 2 or 3 sets of 6-8 {jumps) and 10-12 {squats
:md lungcs) rcpcnuons Importantly, and as shown in Table 1,

intenance program, players expen-

as it plays a crucial role m competitive performance (29). A decre-
ment on physical acavity kevels reduces energy expenditure that, in
turn, may increase body fat (13). Previous research conducted with
professional soccer players found that body fat and body mass were
negatively affected after the transition phase of the season (17).
However, to understand the effects of an unusual and prolonged
home confin on body cc ion in top-level athletes (e.g.,
elite fussal players), further investgarion is warranted.

This study aimed to investigate the cffects of a 70-day reduced
traming period forced by the COVID-19 guarantine on speed-
power—related capacities (ie., sprint acceleration, horzontal
jump, and vertical jump) and body composition (i.c., body mass,
body far percentage, and muscle mass) of clite fursal players.
Because of the prolonged period of specific reduced traming, we
hypothesized that athletic performance and body composition
would be negatively affected by the lockdown period.

Methods

Experimental Approach to the Problem

This pre-post quasi-experimental study aimed to mvestigate the
changes on speed-power—related performance and  body

enced 2 consld:rabk dcclmc in all type of fast stretch-shortening
cycle actions during the lockdown (i.c., due ro the lower training
intensity and frequency and to the low:r exposure to jumping and
other explosive actions characterisic of futsal training and
match-play). All players confirmed that they did not seck any
professional advice outside of the team’s coaching staff nor did
they follow any prescribed training by other practtioners. In this
sense, during the quarantine period, athletes were considered to
be on a long-term reduced training phase.

Subjects

Players from an elite futsal team (i.c., a 12-player squad) val-
unteered to take part in the study. Two athletes did not complete
the last assessment prequarantine because of minor injunies and
were not included in the analysis. Therefore, 10 elite male futsal
players (mean = SD;age: 26.7 = 3.1 years old, body mass: 76.0 =
6.6 kg, hesghr: 1.78 = 0.06 m) participated m this study. Fursal
players competed in the Spanish Narional League (LNFS) and
were qualified to play the UEFA Futsal Champions League Final.
Therefore, the high kevel of the players in this study sample can be
confirmed. All athletes involved were free of injury before the
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Modeis of the training structure during the petitive and the | period.*

Training strategy Resistance training RST Plyometric

Compesitive saason
Exercse type Tradbonal and balistic Resistad =sprints VJ-HZ
Intersity 30-70% 1RM Hoh High
Volume 2-3 sats 4-8 reps 10m 5-8reps 2-3 sats 8-10 reps
Fraquency 2-3 sessionswk '
Sport-specific training 5-6 sessionswk |
Official matchas 1-2 official matchas-wk '

Lockdown period
Exercise type BM VJ-HZ
Intersity Low Moderate
Volne 2-3 sets 10-12 reps 2-3 zets 6-8 raps
Frequency 2-3 sessionswk '

“BW = body mass; HIT = high-intanaly rtenal daining; HZ = hordortal janps; Reps = repetifons; AST = resisdad spnint training YU = verscal pmps; wk = week

quarantine. By signing a professional contract with the club, all
players provided individual written informed consent for data
collection and study participation. All procedures were approved
by the Catholic University of Murcia (UCAM) Ethics Committee
and were conducted according to the Declaration of Helsinki.

Procedures

Sprint Acceleration Test. Two pairs of photocells (WITTY Sys-
tem, Microgare, Bolzano, ltaly) were positioned at the starting
line and at 10 m. Players started from a standing position, 0.3 m
behind the starting line, and performed a maximal all-out linear
sprint twice, with a 1-minute rest (intraclass correlation co-
efficient [ICC] = 0.82, coefficient of variatnon [CV]: = 3.9%).
Players started the test when ready, with no investigator's signal.
Given the short distance (i.c., 10 m) assessed, the test could be
considered to evaluare acceleration capabilines because players
did not achieye maximum spnnting velocity. All athletes per-
formed the test using the regular fursal shoes and on a wooden
surface. The fastest time was retained for analysis.

Horizontal Jump Test. Athletes stood with their feet shoulder-
width apart behind the starting line and the arms at the side of the
body. They were mstructed to jump as far as possible in the
horizontal direction. A countermovement with arm swing was
allowed. Players performed a maximal cffort 3 times with a 1-
munute rest (ICC: = 0.91, CV: = 3.7%). Athletes were required to
land with both feet simultancously, and in case they fell forward
or backward, the tnal was considered invalid and repeated. The
distance between the starting point and the heel of the rear foor
measured by a tape to the nearest 1 cm was considered. The longer
distance was recorded for analysis.

Vertical Jump Test. Countermovement jump was used to de-
termine the vertical jump ability. Athletes were required to per-
form a downward movement, followed by a complete, rapid
extension of the lower limbs. The depth of the countermovement
was self-selected to avoid changes in jumping coordination. The
hands were placed on the hips throughout the whole movement,
and athletes were directed to jump as high as possible and land
close to the take-off point. They executed 3 maximal trials with 1-
minute rest (ICC: = 0.94, CV: = 6.0%). The CM] was performed
on a Kistler 9286BA portable force platform (Kistler Group,
Winterthur, Switzerland), and the dara were exporred and

analyzed with the sofrware ForceDecks (Vald Performance,
Brisbane, Australia) and processed using Python (v.3.8.3). Jump
height and multiple kinenic variables (e.g., impulse, peak power,
peak force, and veloaity or rate of force development [RFDJ) (8)
from the best jump trial (according to highest jump height) were
retained for analysis.

Body Composition. All the s were completed by the
same experienced evaluator (nutnitionist), who had ISAK cernfi-
cation, in accordance with ISAK’s international standards (28).
Players were required to be on a fasted state, to avoid caffeine and
alcohol consumption for at least 8 hours before the procedure,
and to wear only the team’s training shorts. Body mass was
assessed using a Tanita HD-313 scale (Tanita Corporation,
Tokyo, Japan) with a 150 kg capacity and accuracy to the nearest
0.1 kg. Eighr skinfold measurements were taken with a Harpen-
den caliper (Baty Internanional, RH15 9LB, England; width of
80 mm and accuracy to 0.2 mm) from the following defined ISAK
sites: triceps, subscapular, biceps, iliac crest, supraspinal, ab-
dominal, frontal thigh, and medial calf. Percentage of body fat
was estimated according to Yuhasz's equation {31) and muscle
mass (kg) to Matiegka's equation (9).

Statistical Analyses

Data are presented as mean = SD. Statistical analysis was per-
formed using the Jamovi stanstical package (2020; version 1.2).
Normality was checked with the Shapiro-Wilk test. A paired
sample t-test (parametric variables) or a Wilcoxon test (non-
parametric variables) was used to detect differences between pre-
post measurements. Cohen’s effect sizes (ESs) with 95% confidence
mtervals (95% Cls) were computed to determine the magnitude of
every paired companson and classified as follows: trivial {<0.2),
small (=0.2-0.6), moderate (>0.6-1.2), large {>1.2-2.0), and
very large (=2.0-4.0) (4). Sigmficance level was setat p = 0.05.

Results

Figures 1 and 2 display the group and individual data for sprint
and horizontal jump performances, respectively. Considering
sprnt, a significant and large decrease in performance was ob-
served (p = 0.004; ES = 1.31). By contrast, small and non-
significant pre-post differences were found in horizontal jump (p
= 0.243; ES = —-0.39).
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Figure 1. Prequarantine and postquarantine sprint time data.

Bars reprecent maan vakes, end symbols and ines reprasent
individual changas. “p < 0.05

Figure 3 presents the group and mdividual data for verncal
jump performance, and Table 2 depicts the data for selected CM]
kinetic variables. Moderate and nonsignificant pre-post differ-
ences were found in vertical jump height {p = 0.076; ES =
—0.63). In the CM] eccentric (*downward™) phase, significant
decreases were observed in deceleration impulse (p = 0.006; ES =
—1.13), RFD (p = 0.041; ES = —0.75), peak veloaity (p = 0.006;
ES = 1.12) and peak power (p = 0.004: ES = 1.23). Non-
significant, trivial or small declines were detected in all concentric
(“upward”) phase variables and landing RFD to peak force {pp =
0.129; ES = —0.52). Moderarte significant differences were found
in peak force (p = 0.050; ES = —0.70) during the landing phase.

Table 3 depicts the data for the body composition variables
pre-post confinement. Trivial and nonsignificant differences were
obtained in total body mass (p = 0.992; ES = 0.00), fat mass (p =
0.947; ES = —0.02), and muscle mass (p = 0.734; ES = —0.11).

Discussion

To the best of our knowledge, this is the firse study to mvesngare
the effects of 70 days of reduced training caused by the COVID-
19 on speed-power-related performance and body composinon
m clite futsal players. Notably, the main findings indicated that (a)
a significant impairment in short sprint (Le., acceleration) per-
formance was found after the quarantine period; (b) vertical jump
height was not significantly affected during home confinement
but significant differences were observed in specific cccentric
“downward" and landing phase kinetic variables; (¢} horzontal
jump performance was not significantly affected during lock-
down; and (d) players experienced no significant changes in body
composition. The present data indicare that long-term reduced
training may have a negative effect on acceleranon capabilinies
and alter aspects of neuromuscular performance identfied by
vertical jump kinetic analysis. Yer, vertical jumping height and
horzontal distance can be maintained for prolonged periods (70
days) in professional futsal players by completing traming rou-
tines based on exercises that can be performed at home, withour
thorough supervision or the need for additional training
equipment.

Considering sprinting acceleration performance, it seems that
long-term reduced training (>8 wecks) may affect sprint capa-
bilines of elite fusal athletes. Importantly, in this unusual
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Figure 2. Prequarantine and postquarantine horizontal jump
distance data. Bars represent mean values, and symbals and
lines represant individual changes.

scenario (i.e., 70 days of home confinement), players were unable
to perform any type of high-intensity running actions duc to the
mandatory lockdown (i.c., spatial constrains), which may have
contributed to the observed declines in acceleration ability. These
resules support previous findings showing impairments m sprint
performance after long-term reduced training in soccer players
(11,17,25). For example, Koundourakis et al. (17) observed that
aftera 6-week training cessation (1.c., 2 weeks abstained from any
acuvity and 4 wecks performing only 20-30-minute slow running
3 times per week), the sprint velocity of elite soccer players de-
creased significantly. Potennial factors explaining these adapea-
tions include an insufficient sprinting sumulus (training volume
and intensity), changes in muscle fiber type and in cross-sectional
area of type Il fibers, or alterations of anacrobic enzymarnc ac-
tivity (2,26). From an applied perspective, coaches should be
aware that impairments in acceleration ability may be expected
after long-term training cessation or reduced training in team-
sport players. Thus, for these athletes, returning to training
practices after prolonged periods of low volume of high-intensity
running and sprint training should focus on progressively

Vertical Jump
50—
45- Oy
§ 47
5
£ 30-
25)
ool —1 ¢ L |

Pre Post
Figure 3. Prequarantine and postquarantine vertical jump
height date. Bars represent mean vakues, and symbols and
lines represant individkual changes.
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Comparison of t jump kineti iables before and after the confinement."t
Pre Post
Variables Units Mean = SD Mean = SO P Effect size (95% CI)
Jdsmp heigt cm 35.78 = 4.58 3410 = 354 0.076 ~0.63 (~1.30 0 0.06)
Eccentric (“downwand”) phase
Decel impuise N ag ! 136 =014 119 = 016 0.008% ~1.13{~191 0 ~0.30)
Paak valocity ms' -139 = 014 -1.21 * 017 (1.008% 1.12 {0.30 1o 1.905
Pask power wig ' —20.85 = 5.20 ~18.40 = 4.00 0.0043 1.23 {0.38 t0 2,051t
Ns 4g " 77.29 = 23.46 67.82 + 2468 0.041% ~0.75 (~144 0 ~0.02)
Conoentric ("upward”) phase
Impulse Nsdg ' 267 =017 261 013 0.001 ~0.50 (~126 0 0.09
Pask welocty ms 278 =015 273 =013 0.095 ~058 (124 00,10)
Paak power wig ' 5327 = 6.09 53.48 » 667 091 0.03 (~038 1 0.65)
Landing phase
Paak farce Nekg ™! 97.06 = 24.92 76.88 + 18.47 0.050% ~0.70 (~1.38 1 0.00)
FFD to paak forcel Ns Tag! 3,176 = 2,965 1948 » 1,320 0129 ~0.52 (~1.18 0 0.14)

0 = confidence inenal, Decel = cecelerston, RFD = rale of foce davelopment.

18 ecosntric (“downmind”) phase vekodily and power @08 Negathe valuse, e dacrease in vakes fnr Dese varahis monifests as 3 posiw ES.

19 < 0.05; signiticsnt pre-poet diffirences snaleed by a pared sample feet

SEceentric AFD. average FFD (AlorcarAtime) calcutated tom the st of the eccentic yiskting phiase Jeirimum force [time 1) to the and of eccentic ("donrmward”) phase ime 2],
WAFD 0 pesk force: aversge RFD cafoudstad from anding fime 1] % lending pesk fvee flime 2). impues, farcs, RFD, 80 power virisbies are sxprissed relatve % body miss,

developing the speed-related qualitics, from the early acceleranon
to maximum velocity phases.

Of note, horizontal and vertical jumping distance and heighe,
respectively, were not influenced by the quarannne, which is in
line with previous studies investigating long-term training cessa-
tion (i.c., > 4 weeks) in team-sports (8,19). In a sample of high-
level handball players, Marques et al. (19) reported that a period
of 7 weeks of reduced training did not negarively affecc CM]
height. By contrast, an investigation into elite soccer players
revealed significant decreases in CM] and squat jump after a
transition period of 6 weeks (17). These results might be
explained by possible changes in fiber type morphology (2) due to
the complete absence of plyometric training during the penod
(note that in the study by Koundorakis et al. (17) players per-
formed only slow-running activities for 20-30-minute, 2 to 3
umes per week). Regarding our study, it 1s important to highlight
that (a) futsal players performed a semistructured maintenance
training program comprising vertical and horizontal jumps
throughout the lockdown in an attempt to minimize potential
declines in neuromuscular performance (15) and (b) individual
responses differed among players (as scen in Figures 2 and 3),
which suggests thar tailored training strategics may be necessary.
Nevertheless, in applied terms, jumping ability (i.c., as determined
by jump height) seems to be maintained during prolonged periods
of reduced traming. Therefore, coaches are encouraged to pre-
scribe different types of vertical and honizontal jump exercises
during long-term reduced traiming periods, keeping in mind thar
individual responses may vary among players.

An mteresting and novel finding in this study was that a
thorough analysis of CM] kinetics revealed that eccentric
(i.e., deceleration impulse, peak velocity and power, and RFD)
and landing vanables (Lc., peak force) were significantly affected
by the reduced tramning period, in line with a recent study con-
ducted with professional soccer players (8). Specifically, Cohen
ct al. (8) found thar a long-term reduced training (1e., players
completed an isolated resistance and aerobic interval training)
during the quarantine was successful in maintaining jump height,
peak concentric power, and several other kinetic vanables, but
not specific eccentric and landing force, RFD, and velocity met-
rics. This suggests porential alterations on stretch-shortening cy-
cle mechanisms, muscle-tendon properties (8), or movement
strategics used by the athletes that may impair, for instance, their
ability to rapidly and cfficiently decelerate (ie., high eccentric
loading). Noteworthy, another investigation (11) demonstrated a
significant decrease in CM] (Le., an eccentric-concentric action)
but not in squat jump (i.c., concentric-only movement) height
after the quarantine in soccer players, which further supports that
eccentric and landing qualities are more sensitive and harder to
retain during extended periods of reduced training. Sall, further
studies are necessary to idennfy the precise mechanisms
explaining this phenomenon and to allow providing more robust
recommendations for returning to competition practices, after
extended absences off-court.

Regarding body composition, it is well established that a re-
ducnion in phystcal activity levels diminishes energy expenditure
(13). Therefore, decreasing energy intake may be necessary to

Comparison of body position before and after the confinement.*
Pre Post
Variables Mean = SO Mean + SD Mean diff (%) P Effect size (95% CI)
Body compesition
Body mass fkg) 76.0 = 66 760 = 6.7 01x42 0992 0.00(~061, 062
Fat mass (%) 029+ 146 928 =170 -03 > 60 0.047 ~(1.02 (—0.64; 0.59
Musde mass (o) 50.1 = 156 500 =148 -1 =15 0.734 -0.11 (-0.73; 0.51)

‘T = configoce inmervals
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avoid undesirable changes in body composition (e.g., increases in
body fat). Remarkably, the mandatory confinement seemed not
to affect players’ body composition {i.e., total body mass, body fat
percentage, and muscular mass). The results of this rescarch are
not supported by other studies investiganng the effects of pro-
longed training cessation (11,17,24). In this context, Ormsbee
et al. {24) noted that swimmers” body composition and metabo-
lism were adversely affected after more than a month of training
cessation that usually occurs after the last competition of the
season. Our results may be explained by the fact thar fursal
players had continuous contact with the team’s nutritionist, who
prepared individualized dietary plans every 2 weeks according to
player’s needs, and the caloric intake was reduced during the
fockdown when compared with the in-season. Furthermore,
players were highly motivated to follow the nutritional guidelines
mmposed because shortly after the confinement they had to play
the Spanish League Playoffs; thus, they were expected to be pre-
pared to return to a decisive phase of the competition within few
weeks after the lockdown. This contrasts with other studies
(17,24) in which detraining comprised unstructured light-
moderate physical exercise (mainly running-based activites,
¢.g., 20-30-minute jogging, 2-3 times per week), was part of the
transition phase, and was followed by a specific pre-season period
with limited competition demands.

This study is limited by its small sample size. Nevertheless, it is
important to note that the fursal team {a UEFA Fussal Champions
League finalist) was composed of only 12 athletes, from which 10
were tested prelockdown and postlockdown, representing more
than 83% of the team’s players. A second limitation s related to
the difficulty of the strength and conditioning coaches to (re-
motely) control the training sessions during the lockdown that
may have affected individual responses. Finally, more tests -
vestigating players’ neuromuscular performance (i.c., change of
direction ability, unilateral/bilateral drop jumps, and maximal
eccentric/concentric strength) could allow to better describe the
cffects of the COVID-19 home confinement on physical
performance.

In summary, a detrimental effect of the lockdown was found
for sprint performance and specific CM] kinetic eccentric and
landing phase variables in clite futsal athletes. Nevertheless, ver-
tical jump height, horizontal jumping distance, and body com-
position were not affected. The inclusion of “regular® unloaded
lower-body exercises performed at home, without thorough su-
pervision may conceivably explain why athletes were able to
maintain their concentric jump performance (but not acceleration
ability and underlying neuromuscular qualities wdentified in the
eccentric and landing phases of the CM]) after the 70 days of
reduced traming. Coaches and spore scientists should consider the
present findings when phnmng the specific training approaches
after long-term reduced training periods.

Joirmal of Strengh and Conditioning Research

be significantly affected by the prolonged reduced traming
period. This finding highlights that implementing a thorough
analysis of players’ CM] jump-land kinetics may reveal
dmmmg—nlzwd neuromuscular strategy changes thar are
not expressed in vertical jump height declines, an approach
previously shown to be of value in detecting neuromuscular
fatigue (7,10). In addition, no changes were found in body
composition, emphasizing the importance of having players
follow individual dietary plans dunng prolonged periods of
decreased tramning loads. From an applied perspective,
sprinting acceleration and deceleration (e, eccentric biased)
mmmgmmgwsduonldbcprmmmdwhcnrctnmngw
regular training practices to counteract the negative cffeces
caused by long-term reduced training. Morcover, considering
players’ individual responses, it scems that a low (but fre-
quent) volume of jumping-based exercises (2-3 sets of 6-8
repetitions of vertical and horizontal, unilateral and bilateral
jumps, 2 sessions per week) may be sufficient to avoid im-
pairments in jumping capacity (i.e., as determined by jump
height) during long-term reduced training periods (ic., 70
days) in clite male futsal players. However, pracxin'onc:\s
sbonldtakcmtoaoooumdut,aswmt:dbyﬂrs t
CM] kinetic changes, important alterations may still have
occurred, which could potentially influence  other
performance-related and injury-related aspects (e.g., de-
celeration ability or muscle-tendon properties).
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Five-a-side soccer; Introduction: Recently, a pandemic disease (i.e., COVID-19} arose complicated conditions for
Team-sports; players, clubs, and sports competitions. Most European countries postponed or canceled their
Elite athletes; respective leagues as players were forced into a long-term lockdown. This case study presents
Injury prevention; and compares the absolute and relative non-contact lower-limb injury rates and characteristics
Injury characteristics before and after the lockdown from a Finalist of the UEFA Futsal Champion League.

Material and methods: Thirteen elite futsal players (age: 27 + 2.8 years old; body mass: 76 +
5.4 kg; height: 1.79 + 0.1 m; body fat: 9 = 1.6%) participated in this study. Injury severity, loca-
tion, type, and mechanism were recorded. Data from the 6 weeks pre- and post-lockdown were
collected, and injury rates were expressed per 1,000 training and match hours.

Results: Chi-Square tests revealed a significant difference (p=0.039) in the distribution of the
number of injuries between the two moments. No overuse and non-contact injuries were
observed during the 6 weeks before the lockdown. Nevertheless, 38% (i.e., 5) of the players suf-
fered minimal severity (i.e., < 3 days of court absence) overuse injuries in the hip/groin and
thigh muscles post-home-confinement.

Conclusions: Elite male futsal players sustained a substantially higher number of lower-body
non-contact injuries after the lockdown. Practitioners should implement a thorough analysis of
players’ neuromuscular qualities and fatigue to identify individual training and recovery needs
and, thus, prescribe more tailored injury-reduction programs.
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Introduction

In 2020, a pandemic disease (i.e., COVID-19) arose compli-
cated circumstances for athletes, clubs, and sports competi-
tions. ' Most European countries postponed or canceled their
respective championships as players were forced into a long-
term lockdown during the in-season period (March-May).
This unprecedented situation led National leagues and fed-
erations to adjust the competitive calendars to allow finish-
ing the competitions in due time. For example, the Liga
Nacional de Futbol Sala (LNFS; 1% Division of Spain) deter-
mined that the league’s first play-off game was to be played
within few weeks after a ~60-day lockdown, a period with
reduced training. Therefore, several recommendations were
provided by the scientific community to tackle the potential
detraining effects on physical performance and minimize
the risk of injury when returning-to-competition after the
lockdown.* *

Futsal is a high-intensity intermittent team-sport, in
which players are exposed to high metabolic and neurome-
chanical stress during match-play.® Regarding Injury charac-
teristics, a recent meta-analysis “ found that male players
displayed: 1) an overall injury incidence rate of 6.8 injuries/
1000-h and; 2) an incidence rate of 44.9 injuries/1000-h dur-
ing match-play. Likewise, it was found that professional
players from the 1% and 2™ LNFS sustained ~10 injuries/
1000-h of training and ~60 injuries/1000-h of competition
during the pre-season and that most injuries affected the
lower-limbs (i.e., 92.1%).” Nevertheless, all previously pub-
lished data are based on the analysis of “regular” competi-
tive scenarios (i.e., no in-season breaks due to a lockdown)
and no investigation has reported the effects of the unique
situation caused by COVID-19 on injury occurrence in elite
futsal.

Therefore, the aims of this case study were to examine
and compare the absolute and relative lower-limb injury
rates 6 weeks pre- and post-lockdown. Due to the extensive
period of reduced training, we hypothesized that the rela-
tive number of non-contact injuries would be greater after
the season intermission (i.e., post-lockdown).

Materials and methods

Study design

A pre-post retrospective cohort case study design was used.
Due to the COVID-19 pandemic, all futsal activities (i.e.,
training and competition) were canceled on March 14th,
2020. The pre-lockdown injury profile was compiled from
January 27th, 2020 to March 13th, 2020. During this period,
players completed 53.3 = 5.4 h of training and 6 matches.
The post-lockdown injuries were collected from May 12",
2020 to June 24th, 2020 (last league play-off game). Players
completed 52.9 + 2.8 h of training and 5 matches. These
time periods were selected for further analysis to guarantee
similar exposure time. Only non-contact lower-body injuries

were analyzed (injuries caused by external factors, such as
contact with other players, were disregarded). In the pres-
ent study, an injury was defined as any physical complaint
sustained by a player that resulted from a match or training,
irrespective of need for medical attention or time loss from
activities.” The team’s physician was responsible for the
evaluation and recording of injuries according to the consen-
sus statement of injuries in soccer,” previously used in
futsal.’

Participants

Thirteen elite male futsal players (age: 27 + 2.8 years; body
mass: 76 + 5.4 kg; height: 1.79 + 0.1 m; body fat: 9 +
1.6%), competing in LNFS and Finalists of the UEFA Futsal
Champions League were monitored. By signing a professional
contract with the club, all players provided individual con-
sent for data collection and study participation. All proce-
dures were approved by the Local Human Subjects Ethics
Committee and conducted according to the Declaration of
Helsinki.

Procedures

Injuries were classified according to: 1) severity; 2) location;
3) type; and 4) mechanism. No injury reoccurrence was
observed; hence, this condition was excluded. Injury sever-
ity considered the time period from the day of the injury to
the date of the player’s return to full participation with the
team and was classified as: minimal (< 3 days); mild (4 - 7
days); moderate (8 — 28 days); and severe (> 28 days). If
the player sustained an injury but was available the follow-
ing day, the incident was recorded as a time loss of zero-day
severity. Injury location and type were classified and divided
into six (i.e., hip-groin, thigh, knee, lower leg-Achilles ten-
don, ankle, foot-toe) and four categories (i.e., fractures and
bone stress, joint [non-bone] and ligament, muscle and ten-
don, contusions), respectively.” Injury mechanisms were
classified as overuse (i.e., unidentifiable event, usually due
to repeated micro-traumas) or traumatic (i.e., specific iden-
tifiable occurrence).”

Time exposure for each player considered the total time
spent in training and competition. Team talks and video tac-
tical sessions, meetings with sport psychologists and nutri-
tionists, and personal activities undertaken away from the
team'’s staff were not included. Injury rates were expressed
per 1,000 hours of training and match combined.

Statistical analysis

Statistical analysis was performed using SPSS Statistics, ver-
sion 22.0 (SPSS, Inc., Chicago, IL). Descriptive data of abso-
lute and relative number of injured athletes pre- and post-
lockdown were reported. The distribution in the number of
injuries between both periods of analysis was compared
through the Chi-Square test and the z-test and the 95%
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confidence intervals (95% Cls) were computed. The statisti-
cal significance was set as p = 0.05.

Results

Tables 1 and 2 report the pre- and post-lockdown lower-limb
injury rates and characteristics. No lower-limb overuse inju-
ries were observed pre-lockdown. Nevertheless, 38% (i.e.,
5) of players suffered from non-contact overuse injuries
after the lockdown in hip-groin and tight muscles, all sus-
tained during training. Chi-Square tests revealed a signifi-
cant difference in the distribution of the number of injuries
between the two moments (p=0.039).

Discussion

This case study identified a greater number of non-contact
lower-body injuries (incidence of 7.731000h ' [95% CI:
2.19-13.27]) after the lockdown in an elite futsal team.
Specifically, ~40% of the players (i.e., 5) suffered minimal
severity injuries (l.e., < 3 days of court absence) during the
6 weeks following home-confinement. Conversely, no inju-
ries were registered before the lockdown considering the
same exposure time.

In general terms, overuse injuries are more common dur-
ing the pre-season when compared to the rest of season.”'"
This has been suggested to occur due to inadequate recovery
and/or inappropriate loading during the first weeks of prep-
aration following reduced training periods (i.e., transition
period).’” Considering the context of the present study, the
post-lockdown period may be considered as a “mini prepara-
tory phase” with the distinctive aspect that players returned
from a home-confinement characterized by a sudden
decrease in the number and frequency of high-intensity
motor actions, especially those involving the stretch-short-
ening cycle (as compared to the in-season).'’ Moreover,
players had only a few weeks to prepare for a highly
demanding official play-off league match. Therefore, we
speculate that some athletes were not able to cope with the
high physical and technical demands of futsal training and
competition; hence, the greater number of overuse
injuries.

Previous studies have shown the detrimental effects of
the COVID-19 lockdown on neuromuscular performance in
elite team-sports athletes.'*'“ In particular, a recent study
'" using the same sample of elite male futsal players
revealed that home-confinement resulted in a significant
impairment in 10-m sprint performance. Of interest, vertical
jump height remained unaltered, although several kinetic

Table2  Injury characteristics post-COVID-19 lockdown.

Post-COVID-19 Injury Characteristics

Mechanism of injury Overuse 5

Injury severity Minimal 5

Injury location lower- Hip/groin 4 (80%)
timbs Thigh 1(20%)

Injury type Muscle and tendon 5 (100%)

variables (i.e., eccentric peak velocity and power, rate of
force development, and landing peak force) were affected
post-lockdown, despite players performing a maintenance
training program while confined, as described elsewhere. '’
Noteworthy, the main differences were obtained for the
eccentric and landing phases, suggesting that alterations on
muscle-tendon properties '* or stretch-shortening cycle
mechanisms may have occurred during this period. To some
extent, these important modifications can justify the higher
number of injuries post-lockdown. These changes in neuro-
muscular function may have affected players’ ability to effi-
ciently decelerate and tolerate high eccentric-loading
actions, which is highly and frequently required in futsal.”

It is important to highlight that futsal is characterized by
high-intensity activities such as accelerations, decelera-
tions, and directional changes.” The issue here is that, dur-
ing the lockdown, it was not possible to provide these types
of stimuli to the players. In addition, the reduced period of
training before competition could have resulted in the
higher rates of injuries observed in the post-lockdown
period, even considering that the number of matches was
greater before the home-confinement (6 official matches vs
4 friendly and 1 official). Importantly, due to the reduced
sample size and the elite level of the players examined
here, the present results should not be generalized. Further
retrospective investigations on pre- and post-lockdown
injury rates with greater sample sizes and timeframes or
involving athletes from different sports and performance
levels are warranted.

In summary, a significant increase in non-contact lower-
body injuries was observed after the COVID-19 lockdown in
elite futsal players. Specifically, when considering an equal
exposure time, the injury incidence was 7.73:1000h '
(95% Cl: 2.19-13.27) after the quarantine, as opposed to no
overuse injuries recorded pre-lockdown. Therefore, follow-
ing long-term training cessation, practitioners are advised
to: 1) implement a thorough analysis of players’ neuromus-
cular qualities and fatigue [through vertical jump kinetics,
for example '], to identify individual necessities and, thus,
prescribe more tailored injury-reduction programs; 2) opti-
mize recovery strategies to allow players to better tolerate

Table 1  Injury indices before and after the COVID-19 lockdown.

Pre-COVID-19 Post-COVID-19 px:
Total Exposure Time (h) 53.3+54 529+28
Total Injuries - 5
Injury Incidence (ne1000h ') 0 7.73(95% Cl: 2.19-13.27) 0.039
Values presented as mean + SD.

p = 0.05; significant pre —post differences anaiyzed by a Chi-Square test.

h: hours; SD: standard deviation.
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the high training and playing demands during congested cal-
endars; and 3) closely monitor external and internal training
loads. Finally, sport organizations and federations should
consider that players may need longer preparation periods
to ensure safer return-to-competition practices after pro-
longed periods of training cessation or reduced training, and
that competitive schedules should be adjusted to protect
players’ health and maintain optimal levels of performance
throughout the competitive period.
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