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Introduction

Futsal is a team sport played on a court measuring
40 x 20 metres by two teams with five players (four
players on the court and one goalkeeper per team). Any
number of substitutions can be made without having
to stop the clock, thus favouring a very high intensity
throughout the match (Medina et al., 2001). Intermittent
effort predominates in the matches, which consist of
two 20-minute halves (Barbero, 2003) characterised
by the repetition of short bursts of high-intensity effort
and quick-paced play (Medina et al., 2001). with many
changes in direction. Consequently, technical staff have
to adjust their planning to the physical conditioning
needs of competition by designing sessions intended to
provoke positive and necessary adaptations of the players
and the team by placing them in contexts as similar as
possible to those they will subsequently encounter in
competition (Casamichana et al., 2018).

The advent of GPS devices in sports competition
and training has made it possible to monitor athletes’
movements in both training and competition (Castellano
& Casamichana, 2014). Numerous published articles have
analysed the characteristics and positional differences
of the competitive demands of different sports teams
both outdoors (Dalen et al., 2016; Martin-Garcia et al.,
2018; Wehbe et al., 2014) and indoors, such as basketball
(Fox et al., 2018; Garcia et al., 2020; Puente et al., 2017,
Svilar et al., 2018; Vazquez-Guerrero et al., 2018) and
handball (Karcher and Buchheit, 2014). However, there
are few studies on futsal, and most of them (Barbero,
2003; Barbero et al., 2014; Dogramaci et al., 2011;
Hernandez, 2001; Medina et al., 2001; Naser et al.,
2017) refer to specific indicators, without taking the
globality and complexity of the competitive demands into
consideration, focusing rather on describing locomotor
variables by means of video analysis (Barbero-Alvarez
et al., 2008; Dogramaci et al., 2011; Hernandez, 2001;
Naser et al., 2017). Consequently, the main objectives of
this study were: (I) to describe the physical conditioning
demands on elite futsal players in official matches, and
(1), to compare the differences in external load according
to specific playing position.

Methodology

Participants

The external load of 14 professional players (N=14)
(27.5+3 years; 174.9+6.8 cm; 72.2+5.3 kg) from the
same first-division team in the Spanish National Futsal
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League, categorised into three groups according to their
specific position on the court; stopper (S=5), flank
(FL="7) and forward (FO=2), was recorded; goalkeepers
were excluded from the study. At the time of the study,
the players were doing between four and six training
sessions and playing between one and three matches per
week. The data analysed were obtained by monitoring
the players on a daily basis, so that all their activities
were regularly monitored throughout the season. The
procedures used in this study observed the tenets of
with the Declaration of Helsinki and were approved by
the Scientific Research Ethics Committee (CEIC) of the
Catalan Sports Council of the Government of Catalonia
with number 17/CEICGC/2020. Before participating, the
participants in the study were duly informed and provided
their consent for their data to be used anonymously.

Design and procedure

The players were monitored over 15 official matches in
the regular phase of the 1st division of the National Futsal
League in the 2017-2018 season (11 victories, 3 ties and 1
defeat, ending the league in 2nd place). The matches were
all played on the same court (matches played as the home
team) and in similar environmental conditions. During the
regular phase of the National Futsal League, each one of
the 16 participating teams played a total of 30 matches
in a regular league system with home and away matches,
and the top 8 teams went on to the playoff as contenders
for the league title.

The total length of the matches analysed was 80.0
6.0 minutes (mean + standard deviation), and the players’
participation was 33.0+9.6 minutes, with FO being the
players with the highest participation, with an average of
36.2+7.3 minutes, S with 32.8+12.4 minutes and FL with
32.2+9.8 minutes.

The players’ external load was monitored using WIMU
PRO™ inertial devices (Realtrack Systems S.L., Almeria,
Spain) with UWB technology. These devices have different
sensors (accelerometers, gyroscopes, magnetometers, GPS
and others). The frequency at which the accelerometer,
gyroscope and magnetometer recorded data was 100 Hz,
while the UWB data were recorded at a frequency of 18 Hz.

Between 8 and 12 minutes before the start of the match,
and after a standard 24-minute warm-up, the devices were
fitted on each one of the bibs worn by the players under
their jerseys; the bibs were fitted and designed specifically
to secure the devices to the upper back, just above the
shoulder blades, without limiting trunk or arm mobility
in any way. The players were monitored throughout all
matches, although the external load was only quantified
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when the player was on the court (e.g., the data were not
included when a player was substituted, during time-
out or at halftime). At the end of every match, the data
were downloaded and synchronised so that they could
be analysed using the corresponding software (SPRO™,
Realtrack Systems S.L., Almeria, Spain).

Based on previous studies in basketball (Garcia et al.,
2020; Puente et al., 2017; Vazquez-Guerrero et al., 2018)
analysing physical conditioning demands in competition,
the following variables were analysed and presented in
absolute and relative terms per minute: total distance
travelled (TD) in m and total relative distance (TD, ) in
m-min-1; total distance travelled over 18 km-h-1 (TDHI:>18
km-h') in m and total relative distance travelled over 18
km-h'' (TDHI, ) in m-min-1; player load (PL) in arbitrary
units (au) and relative player load (PL, ) in au-min-1;
number of high-intensity accelerations (> 2 m-s-?) and
relative number of high-intensity accelerations in n-min-1;
and number of high-intensity decelerations (> 2 m-s-2) and
relative number of high-intensity decelerations in n-min-1.
These variables were also chosen because they represent
all the parameters used to monitor and quantify the daily
external load by different sports and teams in the Sports
Performance Area in the club to which all the players
participating in the study belonged.

Data analysis

To analyse the differences in the means of the variables
between playing positions, a general mixed linear model
was built (PROC MIXED) using Statistical Analysis
System (version 9.4 of SAS Studio - SAS Institute Inc.,
Cary, NC, USA). The random effects were player identity
(to account for repeated measurements in the players),
match identity (to account for the mean general differences
between the matches) and the residual (to account for the
differences between the players in the matches). Separate
variances were estimated for each playing position, the
random effect of the player and the residual, and these
variances were combined to obtain standard deviations
(SD) observed between players in each position. The three
SDs were then averaged (via weightings of the degrees
of freedom of the variances) to yield a general result of
the player’s SD in a typical match, and this SD was used
to standardise the differences between the means of the
playing positions. The playing positions were used as fixed
effects (three levels). A Poisson regression was used to
analyse the variables expressed as tallies. The magnitude
thresholds for the fixed effects were <0.2, 0.2, 0.6, 1.2,
2.0 and 4.0 for trivial, small, moderate, large, very large
and extremely large, respectively (Hopkins et al., 2009).
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The uncertainty in the estimates of the effects is
presented as 90 % compatibility limits. The decisions
based on the magnitudes of the effects were based on
unilateral hypotheses of substantial magnitudes (Lakens
et al., 2018). The p value to reject a hypothesis of a given
magnitude was the t-distribution area of the statistic of
the effect with values of that magnitude. The hypotheses
of substantial decreases and increases were rejected if
their respective p values were under .05. If a hypothesis
was rejected, the p value for the other hypothesis was
interpreted as evidence of that hypothesis, as the p value
corresponds to the subsequent likelihood of the true
effect size in a previous minimally informative Bayesian
reference analysis (Hopkins and Batterham, 2019). The
p value is reported qualitatively using the following
scale: .25-.75, possible; .75—-.95, probable; .95—-.995,
very probable; >.995, more probable (Hopkins et al.,
2009). If none of the hypotheses was rejected, the effect
size was regarded as unclear and is displayed without a
probabilistic descriptor.

Results

Table 1 presents the mean values + standard deviation of
each one of the variables analysed for each specific playing
position including the effect magnitude + confidence
intervals and the decision for the positional differences.

The objectives of this study were to describe physical
conditioning demands on elite futsal players in official
competition and to examine whether there were differences
between specific playing positions. The results suggest the
following: (1) the mean external load values per player per
match were: TD=3052+804 m; TD,, =88.7+15.3 m-min";
TDHI=254+101 m; TDHI_; =7.5+2.9 m-min’};
PL=57.2%15.2 au; PL,_, =1.7+0.3 au-min’'; high-
intensity accelerations =135+41 n; relative high-
intensity accelerations =3.9+ 1.0 n-min!; high-intensity
decelerations = 129 £39 n; relative high-intensity
decelerations =3.8 £ 1.0 n-min-!; (2) no substantial
differences were found between S and FL for any of the
external load variables analysed; (3) TD and TD,, , PL and
PL,., do not seem to be dependent on playing position,
with all three specific playing positions presenting similar
values; and (4) substantial differences were observed
between positions in variables related to intensity in both
absolute values (TDHI, high-intensity accelerations and
decelerations) and relative values (TDHI,, , high-intensity
relative accelerations and decelerations).

To our knowledge, this is the first study to conduct an
analysis of external load demands in elite futsal official
competition using UWB technology while also comparing
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Figure 1

Box plot and violin plot and data distribution by variable in absolute and relative values.
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Table 1 g
Mean values and standard deviations (SD) of the different variables analysed by position and differences between positions. E
o
5
Positional differences w
Season average (Mean = SD) (Effect size + confidence intervals; decision) E
-
Flank Forward Stopper Flank-Forward Flank-Stopper Forward-Stopper g
7]
D (m) 2961 + 893 3184 + 522 3034 + 852 -0:32+0.78; -0.03 +0.82%; 0.29 £ 0.89; T
unclear unclear unclear o
D, (m.min") 93+ 10 89+ 7 9347 0.42 £ 2.24; 0.03 + 0.40; -0.38 £ 1.93;
REL unclear unclear unclear
TDHI (m) 274 + 118 195 + 60 249 + 85 0.71 = 0.70; 0.16 £ 0.70; -055 = 0.31;
moderate unclear small
TDHIBEI__ 8.6+28 54415 70+04 112 + 07:*1: 0.16 £ 0.77; -0.95 + O.Eiif;
(m.min-1) moderate unclear moderate
PL (AU) 554 17 62 + 10 57 + 15 -0.57 = 9;70; -0.11 £ 0.78; 0.46 + 0.70;
small unclear unclear
Ploe N 17502 174002 18+02 -0.18 + 2.20; -0.08 + 0.78; 0.11 = 1.62;
(AU.min"") unclear unclear unclear
HIA 0.25 +0.71; -0.21 £ 0.73; -0.46 + 0.61;
>2m.s? 134 + 46 118 + 21 139 + 40 e N e
() unclear unclear small
-2 . _ . _ .
HIAR.EL7>2m.s 424009 33404 43108 1.09 + 0.7*1:k 0.23 + 0.82; 1.32 + 2.*77,
(n.min-") moderate unclear large
HID 0.18 + 0.87; -0.19 £ 0.71; -0.36 + 0.93;
>-2m.s? 128 + 46 116 £ 23 131 + 36 e e e
) unclear unclear unclear
HIDREIT >_-2m.S’ 40408 32404 41408 1.03 + 06*1 -0.29 + 0.92; -1.32 8.*80;
2 (n.min") moderate unclear large
Note. TD: total distance (m); TD., : total relative distance (m-min-'); TDHI: distance travelled at high intensity (> 18 km-h- (m); TDHI_:
relative distance travelled at high intensity (> 18 km-h-') (m-min-"); PL: player load (AU); PL. : relative player load (AU-min-"); HIA: high-
intensity accelerations (> 2 m.s?) (n); HIA. : relative high-intensity accelerations (> 2 m.s?) (n-min-'); HID = high-intensity decelerations
(> -2 m.s?) (n); HID : relative high-intensity decelerations (> -2 m.s?) (n-min-'); **: probable; ***: very probable
the differences between the different positions on the and technical qualities of FO, and especially by the fact
playing court. Previous studies have described the TD that FO generally play within the team’s tactical system
travelled by futsal players during competition, such as the and the play model.
study by Dogramaci et al., (2011), which described how As described in other team sports (Varley and Aughey,
Australian players travelled a total distance of 4277+1030 2013; Vazquez-Guerrero et al., 2018), identifying specific
m per match. These values are similar to those recorded acceleration profiles may help coaches, technical staff
on players of a futsal team in the Spanish Professional and sports scientists to tailor exercises for each position
Futsal League, who ran an average of 4313+2139 m with the goal of improving the athletes’ level of physical
per match (Barbero-Alvarez et al., 2008). The recording conditioning.
methodology in both studies (both used video analysis Although physical conditioning demands have been
technology) may account for the differences with the generally expounded and described in outdoor team sports
results found in our study (TD = 3052 +804 m). such as football (Martin-Garcia et al., 2018) and rugby
FO seem to be exposed to a lower total external load (Gabbett et al., 2012) using absolute values, the internal
than their teammates, as is also the case in basketball logic of futsal, with rules that make for a free, unlimited
(Vazquez-Guerrero et al., 2018). S and FL recorded dynamic of substitutions, seems to require the use of
higher high-intensity activity indexes than FO, made relative load values as a more representative method to
more accelerations and decelerations and travelled a describe the competition load. In basketball, for example,
greater distance at high intensity. These results might be the TD,., per player fluctuates between 76.6 and 86.8
explained by the anthropometric features and the physical metres (Puente et al., 2017), in handball it varies between
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87 and 101 metres (Barbero et al., 2014), while in futsal
it ranges from 108 to 117.3 metres (Barbero-Alvarez et
al., 2008), these latter values being higher than those
recorded in our study (TD,, =88.7+15.3 m-min™'). This
decrease in the TD,;, may be related to the increase in
the amount of time dedicated in recent years by teams to
the 5c4 playing system (a system in which the goalkeeper
is replaced by a field player, creating constant on-court
numerical superiority).

Although the small sample size could be considered
a limiting factor, it should be borne in mind that all the
players participating in the study were on the same team,
a common fact in studies based on professional teams.
Consequently, given that the team’s play model analysed
may have conditioned the results to a certain extent,
caution should be exercised when decisions based on them
are taken. Another factor to consider is that in this study
only external load values obtained via devices equipped
with ultra wideband (UWB) technology were analysed.
Including internal load variables (e.g., variables based
on heart rate or on the subjective perception of effort)
in future studies could herald a significant contribution
to the process of monitoring competitive and training
loads. Such future studies should also include a larger
sample of participants, if possible from other teams in
the same category, and should analyse more matches in
order to confirm these results.

Conclusions
The findings of this study offer a new perspective of
knowledge about physical conditioning demands in elite
futsal, in the understanding that their description, based
solely on speed-related locomotor variables, may not be
sufficient to understand the complexity of competition
and training.

In this context, the differences observed in the intensity
variables between different specific playing positions
should help coaches, physical trainers and other technical
staff to design training tasks and sessions that fit each
athlete’s individual needs better and to plan the training
process best suited to the demands of competition.
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