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This study aimed to compare the worst-case scenarios (WCS) between official (OFF) and non-official
(Non-OFF) matches, in different time-periods in an elite futsal team.

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

Considering ROLL, significant and small differences were found in PL-min-1, 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 non-
significant 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).

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.

five-a-side soccer; most demanding passages; external load; performance.
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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 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 [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 to another investigation that reported that
only 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 (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 [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
(i.e., 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 (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 [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

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., Liga
Nacional de Futbol 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 (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.

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 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 spreadsheet for
further analysis. PL consists of the sum of the accelerations across all axes of the internal
tri-axial 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, 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.

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
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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% 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-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
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Fig. 1. 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.

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 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).
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Fig. 2. 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.

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 (i.e., 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-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 1. The differences in the intensity calculated by rolling averages and fixed-periods among time-windows
|
PL-min (a.u.)

Time -Window - - Mean Diff (%) p value ES 95% Cl
Rolling Fixed
30-s 26.1 +£2.84 24.2 £2.93 1.77 £ 0.12 0.001 0.98 0.83-1.13
1-min 21.2 +£2.21 19.6 = 2.39 1.70 £ 0.10 0.001 0.97 0.82-1.12
3-min 16.2 + 1.68 15.9 + 2.08 0.47 £0.10 0.001 0.18 0.06 - 0.30
5-min 14.6 + 1.69 14.9 + 2.00 -0.14 £ 0.11 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; Cl: 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 (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
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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 (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 [28]. 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
recovery (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 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
scenarios, 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 (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
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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 most
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 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.

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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