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Abstract

Study aim: This study aimed to evaluate predictors of futsal-specific change-of-direction speed and futsal-specific reactive agil-
ity in professional male futsal players.

Material and methods: The players (n=75) studied were members of seven futsal teams that competed at the highest national
level in Croatia and in Bosnia and Herzegovina. The predictors in this study included measures of generic power, speed, agil-
ity, and anthropometrics. The univariate and multivariate relationships among the predictors and the criteria (futsal-specific
change-of-direction speed and futsal-specific reactive agility) were assessed by using Pearson’s correlations and multiple re-
gression analysis, respectively.

Results: The predictors were poorly related to the different facets of agility (all trivial to moderate correlations). Multiple re-
gression models were not successfully cross-validated for any of the types of agility performance.

Conclusion: Generic power, speed, agility, and anthropometrics are not valid predictors of futsal-specific change-of-direction
speed and futsal-specific reactive agility. As these futsal performances were used to mimic real-game situations in futsal, these
findings suggest that superiority in generic motor abilities and anthropometrics may not have a significant effect on perform-
ance in futsal matches.
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Introduction

Futsal is a complex team sport that is interspersed with
rapid changes between high-intensity periods of play and
short periods of rest [2, 5, 11]. The structure of the game is
characterized by a large number of intense activities, such
as sprints, accelerations, decelerations, and rapid changes
in direction, which allow players to obtain or maintain ball
possession [1, 25]. As the reduced court size put players
under constant pressure from opposing players, fast deci-
sion making and superior agility capabilities are strictly
necessary for keeping or getting the ball [4, 18]. Indeed,
research shows that agility is an important determinant of
overall success in futsal [8, 18, 28]

Agility has been defined as “a rapid whole-body move-
ment with change of speed or direction in response to

a stimulus”, and it can be observed in terms of non-reactive
agility and reactive agility (RAG) [9, 31]. While non-reac-
tive agility (i.e., pre-planned agility) involves the active
change-of-direction speed (CODS) with advance knowl-
edge of the directional change, RAG (i.e., non-planned
agility) involves the ability to rapidly change direction
while responding to an unpredictable visual and/or audio
stimulus [27]. Previous research that investigated the agil-
ity of professional futsal players predominantly focused
on differences in CODS according to various performance
levels [1, 16, 17, 22, 26]. Although the characteristics of
the game require players to repeatedly react to external
stimuli, such as the ball or an opponent, the RAG perform-
ance (which involves reaction to an external stimulus) of
futsal players has received little attention to date.
Furthermore, studies have mostly examined generic —
not futsal-specific — agility performance, which does not
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appropriately mimic a real-game situation in which one’s
agility is challenged [25]. Indeed, authors have regularly
emphasized that sport-specific testing protocols are more
suitable for assessing the physical capacities related to
successful performance in a given sport compared to ge-
neric fitness tests [3, 13, 25]. In futsal, sport-specific tests
that simulate basic movement patterns in real-game situ-
ations should involve controlling and dribbling the ball.
However, so far, only two studies have utilized such tests
to assess CODS and RAG among professional futsal play-
ers [26, 28]. Briefly, in their studies, Sekulic et al. aimed to
analyse differences in futsal-specific CODS (FS_CODS)
and RAG (FS_RAG) according to various performance
levels (e.g., juniors vs seniors, starters vs non-starters,
top-level vs high-level). The results indicated no differ-
ences in futsal-specific CODS and RAG performance
between juniors and seniors or starters and non-starters,
while top-level players outperformed high-level players
in a futsal-specific reactive agility test when dribbling the
ball [26, 28].

Evidently, literature regarding futsal-specific agility
performance is scarce, while especially lacking the knowl-
edge on associated factors. In general, information on fac-
tors associated with futsal-specific agility performance
may be highly important in training and conditioning,
since it will allow the specific and targeted development
of certain capacities, which consequently may improve
a real-game situations [12, 19]. Considering physiologi-
cal background, capacities associated with futsal-specific
agility performance may be speed and agility. Namely,
both speed and power, and futsal-specific agility perform-
ance require rapid muscle contractions and therefore mus-
cle fibre types [32]. Besides, speed and power have been
widely considered as factors with a positive influence ge-
neric agility [15, 20, 27]. Although no systematic studies
to predict the factors of influence on futsal specific agility
performances and confirm such considerations, it is note-
worthy that some authors examined correlations between
physiological variables, and futsal-specific performances
[26, 28]. In short, relatively poor associations between
FS_COD and FS RAG and various physiological vari-
ables, including speed and power, were evidenced.

However, it should be emphasized that aim of these
studies was not investigate factors associated with futsal-
specific agility performances (i.e., results and causes were
not properly discussed), and that consequently true knowl-
edge on this issue is limited. Even the authors itself high-
lighted the necessity of further research in this area be-
cause of their relatively simple methodological approach
[26, 28]. Considering this research gap, more research is
needed to identify predictors of futsal-specific perform-
ance and clarify this issue. The results of such research
may provide detailed knowledge on factors that might in-
fluence real-game futsal situations, while improving match

performance in this way will most likely contribute greatly
to the achievement of greater overall success in futsal.

Given the theoretical background of relationship be-
tween speed/power and futsal-specific agility perform-
ance discussed previously, it seems reasonable to consider
generic speed and power as predictors of futsal-specific
CODS and RAG, as well as generic agility and anthro-
pometrics which have been evidenced to influence futsal-
specific agility performance [10, 14, 28, 30]. Therefore,
this study aimed to evaluate the generic motor abilities
and anthropometrics as predictors of futsal-specific CODS
and RAG in professional male futsal players.

Materials and methods

Participants

Seventy-five professional male futsal players (age =
25.1 + 5.1 years, body height = 182.3 + 6.03 cm, body
mass = 80.8 + 11.6 kg) voluntarily participated in the
study. All players were members of seven futsal teams that
competed at the highest national level in Croatia and in
Bosnia and Herzegovina. The participants were selected
based on the following criteria: a minimum of 7 years of
active involvement in futsal, older than 18 years of age,
free from injury or illness, and regular performance of
standard training for at least 3 weeks prior to testing.

All participants were regularly involved in futsal-spe-
cific training sessions to improve technical-tactical skills
(10-12 h per week). In addition, the players participated
for 2-3 h per week in strength and conditioning train-
ing sessions to improve their speed, strength, and power
capacities. To ensure optimal physical condition on the
testing day, participants were asked to refrain from any
high-intensity activities; tobacco, alcohol, or caffeine use;
or sleep deprivation for at least 2 days before the testing
sessions.

The investigation was approved by the local univer-
sity’s ethics board (approval number: 2181-205-02-05-14-
001), and all data were anonymized in accordance with the
principles of the Declaration of Helsinki to ensure player
and team confidentiality. All participants were informed of
the purpose, benefits, and risks of the investigation, and all
provided written consent for participation in the study.

Procedures

Testing was conducted over two days in September
2019 at the beginning of the competitive season. On the
first testing day, body height (BH), body mass (BM), body
fat percentage (BF%), countermovement jump (CMJ),
standing broad jump (SBJ), reactive strength index (RSI),
sprinting over 10 m (S10m), and the 20-yard generic
CODS test (20-yards) were measured. On the second day,
futsal-specific CODS and RAG tests were performed. All
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tests were performed in a sport hall on a parquet floor
between 8:00 and 11:00 to minimize the influence of cli-
matic and other conditions and to avoid diurnal variation.
A standardized warm-up was performed before testing,
which included (in the following order): 5 min of light
jogging, 5 min of dynamic stretching exercises, and 5 min
of high-intensity futsal-specific exercises (e.g., jumps,
sprints, change of direction, etc.).

Variables

The independent variables (i.e., predictors) in this
study included BH, BM, BF%, CMJ, SBJ, RSI, S10m,
and 20-yards. The dependent variables were the futsal-
specific change-of-direction speed test without dribbling
(FCODS,), futsal-specific change-of-direction speed
test while dribbling the ball (FCODS), futsal-specific
reactive agility test without dribbling on the dominant
side (FRAG), futsal-specific reactive agility test while
dribbling the ball on the dominant side (FRAG,), fut-
sal-specific reactive agility test without dribbling on the
nondominant side (FRAGq,), and futsal-specific reac-
tive agility test while dribbling the ball on the nondomi-
nant side (FRAGy,). The reliability of all variables was
checked with the intra-class coefficient (ICC).

Anthropometrics

BH and BM were measured while barefoot by using
Seca stadiometers and scales, respectively (Seca, Birming-
ham, UK). Skin callipers (Holtain, London, UK) were used
to measure BF%. The BF% was calculated using the body
density (BD) according to the following formula: BD =
1.162 — 0.063 - log Z4SF (where Z4SF = the sum of the
biceps, triceps, subscapular, and suprailiac skinfolds). The
body density was then converted into body fat percentage
as follows: BF% = (4.95/BD —4.5) - 100.18 [20].

Generic assessments

The CMJ was measured by using Optojump equipment
(Microgate, Bolzano, Italy). The testing procedure included
a maximum upward vertical jump after moving downward
from an upright starting position with the hands placed on
the hips [7]. The test’s reliability was high (ICC: 0.80).
The SBJ was evaluated with a measuring scale (ELAN,
Begunje, Slovenia). Participants were instructed to vig-
orously jump forward as far as possible from a standing
position. The length of the correct jump was recorded in
centimetres from the line of reflection to the heel of the
foot closest to the point of reflection [28]. The test’s re-
liability was high (ICC: 0.88). The RSI was assessed by
using Optojump equipment (Microgate, Bolzano, Italy).
The participants were instructed to step off from a height
and jump as far up as possible while attempting to mini-
mize the contact time. The test’s results were calculated by
using the height jumped from the lower position and the

time spent on the ground to develop the forces required
for that jump [20]. The test’s reliability was appropriate
(ICC: 0.75). Each player performed three trials for each
test with 30 s of rest between trials, and the best perform-
ance was used as the final result.

The S10m was measured with the Powertimer New-
test timing gate system (Oulu, Finland). Electronic timing
gates were positioned at 1 m (beginning of the measure-
ment) and 11 m from the starting line. The participants
were instructed to begin with their preferred foot forward,
which was placed on a starting line, and to run as quickly
as possible distance from a stationary standing start. The
time stopped after the participant passed the second gate
[32]. Each player performed three trials with 2 min of rest
between trials, and the best performance was used as the
final result. The reliability for test was high (ICC: 0.93,
respectively).

The 20-yards test was used to measure the generic
CODS. The test was organised with one timing gate (Pow-
ertimer Newtest, Oulu, Finland) and three cones placed
on the same line with 5 yards between them. The timing
gate was positioned at the middle cone, and the starting
position of the participants was 0.5 m to the right in a lat-
eral stance. The test started when participants rotated their
bodies to the left and triggered the time while passing the
timing gate. The participants ran 5 yd to the left cone, per-
formed a change of direction, then ran 10 yd to the op-
posite side, performed another change of direction, and
ran 5 yd toward the middle cone. When the middle cone
was reached, the time was stopped [28]. Each player per-
formed three trials with 60 s of rest between trials, and the
best performance was used as the final result. The test’s
reliability was high (ICC: 0.90).

Futsal-specific assessments

Futsal-specific CODS (FCODS) and RAG (FRAG)
were assessed with recently developed Y-shaped tests that
followed two procedures: (i) The participants had to touch
the ball at the precise moment at which a change of direc-
tion occurred (FCODS |, FRAG p, and FRAG,); (ii) the
participants dribbled a ball during the execution of each
test (FCODS,,, FRAG,, and FRAG,). The timing for
the FRAG tests began when the participants crossed the
initial infrared signal. At that moment, a hardware module
lit one cone that was 30 cm high (A or B). As no prior in-
dication was provided for the FRAG tests, the participants
had to quickly notice the specific light and react accord-
ingly. Thus, their RAG performance was unplanned. For
the CODS tests, the participants had advance knowledge
of which cone would light up and were, therefore, able to
pre-plan their movements. The participants were instruct-
ed to perform maximally concentrated tests [25, 28].

For FCODS,, FRAG,,, and FRAGy, the participants
were instructed to dribble a ball to a marked circle on the
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ground in front of the designated cone. The participants
left the ball within the circle, and then changed their di-
rection to run back to the starting line as quickly as pos-
sible (Fig. 1a). For FCODS, FRAG,, and FRAGy, the
participants had to run to the ball, which was placed in
front of the cone, touch it with the sole of the foot, and
then run back through the infrared signal to stop the timer
(Fig. 1b). The FRAG and FCODS tests were performed
over five trials (with 1 min of rest between each trial) with
either the known scenario (for FCODS and FCODS,) or
the unknown scenario/template (for FRAG,, FRAG,
FRAG;, and FRAGy). The FCODS and FRAG tests
used in this study were recently studied for their reliability
and validity, and the results were presented in detail else-
where (ICC ranged from 0.77 to 0.80) [25, 28].

To determine the dominant and nondominant sides, the
mean values for all B-cone performances (i.e., executions
on the right side) and all A-cone performances (i.e., execu-
tions on the left side) for each participant and each execut-
ed test were calculated first. The performance side with the
lower mean value was determined to be the dominant side
for each executed test (for each individual player) [25].

The measurement of the CODS and RAG performance
was carried out with a hardware device based on an ATMEL
microcontroller (model AT89CS51RE2; ATMEL Corp, San
Jose, CA, United States). A photoelectric infrared sensor
(E18-D80ONK) served as an external time-triggering in-
put, and light-emitting diodes were used as outputs. The
photoelectric infrared sensor (see Figure 1—IR) had a re-
sponse time of less than 2 ms and a digital output signal.

- __'i)

2.5m

v
START LINE

The distance of the sensor for detection ranged from 3 to
80 cm, and it had the capability of detecting transparent
objects. The sensor was connected with a microcontroller
10 port (Figure 1 — IR). The device was connected to a PC
running the Windows 7 operating system, as previously
presented [20, 21, 25, 28].

Statistical analyses

Normality was confirmed using the Kolmogorov—
Smirnov test, and means and standard deviations were
calculated. Homoscedasticity was proven by the Levene
test. All fitness tests were checked for intra-testing reli-
ability by calculation of the intraclass correlation coeffi-
cient (ICC).

The univariate relationships were calculated using
Pearson’s correlation coefficients. The multivariate re-
lationships among the predictors and the criteria (agility
performance) were assessed with multiple regression anal-
ysis. As a preliminary phase, the predictors were checked
for multicollinearity. The variance inflation (VIF) factor
for the 10-yards test was 7.04, and therefore, this variable
was not included in the multiple regressions. For all other
variables, the VIF was less than 5.

In the first phase, multiple regressions for each criterion
(i.e., FCODS, FCODS}, FRAG, FRAG,, FRAG,
and FRAG,,) were calculated using half of the partici-
pants (n = 38; the randomly selected validation sample).
The regression model equations were then applied to the
remaining half of the participants (n = 37; the cross-valida-
tion sample). In the second phase, the actual performance

START LINE

Figure 1. Testing of the futsal specific agility and change of direction speed with dribbling the ball (a), and without dribbling

the ball (b)
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scores of the cross-validation sample were then correlated
to their predicted (calculated) performance scores. After-
wards, the calculated and achieved performance scores
were compared by means of a t-test for dependent samples
[20, 32].

Cohen’s d was used to identify effect sizes (ES), and
was interpreted as follows: trivial (<0.2), small (>0.2-0.5),
moderate (>0.5-0.8) and large (>0.8) [6]. The 95% confi-
dence intervals for ES were reported. Pearson’s correla-
tion coefficient was used to identify associations with the r
coefficient classification as previously suggested: r < 0.35
indicates a low or weak correlation, r = 0.36 to 0.67 in-
dicates a modest or moderate correlation, r = 0.68 to 0.1
indicates a strong or high correlation [33]. All statistical
analyses were conducted using the SPSS software (IBM,
SPSS, Version 25.0), and p < 0.05 was considered statisti-
cally significant.

Results

The players’ achievements in FCODS, were 15%
(d (95% confidence interval) = -1.43 (-1.78, —1.07), large
ES) and 27% (d = -2.34 (-2.74, —1.91), large ES) better
than their achievements in FRAG [, and FRAG .

In addition, the players’ achievements in FCODS
were 2% (d = —0.16 (-0.48, 0.16), small ES) and 7%
(d =-0.67 (-0.99, —0.33), moderate ES) better than their
achievements in FRAGp, and FRAG .

The players achieved 9% (d = —-0.86 (-1.19, —0.52),
large ES) better results in FRAGy, than in FRAG,
while the players’ average achievement in FRAG,, was
6% (d =-0.53 (-0.85, —0.20), moderate ES) better than in
FRAG,.

CMJ was significantly associated with FRAGy
(small correlation; 7% of common variance). The reactive
strength index was positively correlated with FCODST
and FRAG, (both small correlations; 5-10% of common
variance). SBJ was significantly correlated with FCODS,
FCODS,, FRAG,, and FRAGy (all small correlations;
6—8% common variance). S10m was not correlated with
any agility performances. In contrast, the 20-yards test
was significantly associated with all types of agility per-
formance (all moderate correlations; 14-26% of common
variance). BW and BF% were significantly correlated
with FCODS, FCODS|,, FRAGp,, and FRAGy (small
to moderate correlations; 7-16% of common variance)
(Table 2).

Table 3 presents correlations between predictors vari-
ables. All correlations were logical and expected (i.e.,

Table 1. Descriptive and reliability parameter of studied variables

Mean + SD Minimum Maximum ICC
Agility performances
FCODS; [s] 2.11£0.19 1.76 2.75 0.79
FCODS, [s] 2.50+0.26 2.04 3.24 0.78
FRAG [s] 242+0.24 2.03 3.18 0.77
FRAG, [s] 2.54+0.25 2.20 3.29 0.77
FRAG [s] 2.63 £0.25 2.20 3.51 0.78
FRAG [s] 2.68 +0.28 2.20 3.54 0.80
Motor abilities
CMJ [cm] 38.61 £ 5.11 24.50 51.30 0.80
RSI [index] 145.97 £37.45 62.24 242.76 0.75
SBJ [cm] 238.89 +£20.26 195.00 279.00 0.88
Sprint 10 m [s] 1.71 £ 0.11 1.53 1.98 0.93
20-yards [s] 4.65+0.26 4.14 5.40 0.90
Anthropometrics
Body height [em] 182.42 +£6.03 168.00 197.50
Body weight [kg] 80.88 = 11.57 56.50 139.90
Body fat [%] 9.15+3.67 2.99 22.25

SD — standard deviation, ICC — intraclass coefficient.
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Table 2. Pearson’s correlation coefficients between futsal specific CODS and RAG performance and predictor variables

FCODS FCODS, FRAG FRAG, FRAG FRAGy
Body height 0.14 0.16 0.06 -0.02 0.07 0.03
Body weight 0.29* 0.40%%** 0.27* 0.20 0.32%* 0.22
Body fat % 0.33%* 0.33%* 0.34%* 0.22 0.38%%* 0.22
CMJ -0.21 -0.21 -0.22 -0.12 -0.26%* -0.14
RSI —0.31%* -0.21 -0.22 -0.21 -0.21 —0.23*
SBJ —0.24* -0.26* —0.28%* -0.22 —0.29* -0.21
Sprint 10 m 0.09 0.13 0.12 0.11 0.17 0.08
20-yards (0.43%%* 0.51%%* 0.42%** 0.40%** 0.37%** 0.43%**
%% 5 < 0,001, ** p<0.01, * p<0.05.
Table 3. Pearson’s correlation coefficients between predictor variables
BH BW BF% CMJ RSI SBJ S10m
BW 0.58%**
Body fat % 0.22 0.71%**
CMJ -0.14 -0.26* —0.29*
RSI -0.12 -0.21 —0.32%%* 0.36%*
SBJ 0.05 -0.20 —0.46%** 0.63*** 0.37%*
S10m 0.14 0.33%* 0.38%** —0.40%* —-0.25% —0.42%%*
20-yards 0.05 0.46%** 0.63%** —0.39%* —0.46%** —0.46%** 0.40%**

wkp < 0,001, **p < 0.01, *p < 0.05.

correlations between body fat and motor abilities, correla-
tion between jumping capacities, etc), while all values of
correlations were small to moderate (maximum 50% com-
mon variance or less).

When multiple regressions were calculated for
FCODS, and FCODS,, in the validation subsample of
the participants, the predictors explained 54% and 56%
of the variance of the criteria, with 20-yards being sig-
nificantly partially associated with both criteria. For
FRAG  and FRAGp,in the validation subsample of the
participants, the predictors explained 52% and 39% of
the variance of the criteria, with 20-yards being signifi-
cantly partially associated with FRAG . On the other
hand, for FRAG[ and FRAG, in the validation sub-
sample of the participants, the predictors explained 40%
and 61% of the variance of the criteria, with 20-yards
and BH being significantly partially associated with
FRAG (Table 4).

The established regression models were then applied
to the cross-validation subsample of the participants:

FCODS|=-0.4755 + 0.00142 - BH + 0.003408 - BW
+0.003428 - BF% + 0.002173 - CMJ + 0.000272 - RSI +
0.001351 - SBJ —0.1502 - S10m + 0.4424 - 20-yards

FCODS,=0.9030 + 0.001147 - BH + 0.006756 - BW
—0.01551 - BF% + 0.000480 - CMJ + 0.000922 - RSI +
0.002462 - SBJ —0.6983 - S10m + 0.640417 - 20-yards

FRAG,=0.1474 — 0.007565 - BH + 0.008480 - BW
+0.000911 - BF% + 0.006808 - CMJ — 0.000791 - RST +
0.002374 - SBJ —0.2278 - S10m + 0.5578 - 20-yards

FRAG, = 0.4425 — 0.008702 - BH + 0.008429 - BW
- 0.01691 - BF% + 0.01252 - CMJ — 0.000985 - RSI —
0.000303 - SBJ +0.3286 - S10m + 0.5121 - 20-yards

FRAG = 1.285 - 0.01027 - BH + 0.009511 - BW +
0.005797 - BF% + 0.002419 - CMJ — 0.001101 - RSI +
0.003214 - SBJ + 0.041573 - S10m + 0.330193 - 20-yards

FRAG = —0.1767 — 0.01297 - BH + 0.01541 - BW
—0.03181 - BF% + 0.01383 - CMJ — 0.001315 - RSI +
0.007758 - SBJ + 0.1163 - S10m + 0.7527 - 20-yards

The correlations between the calculated and observed
scores for the cross-validation subsample were 0.05, 0.26,
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Table 4. Multiple regression of futsal specific CODS and RAG performance calculated for validation sample of participants

(data are given as non-standardized regression coefficients)

FCODS; FCODS,, FRAG FRAG, FRAG FRAG
Intercept -0.48 0.90 0.15 0.44 1.29 -0.18
Body height 0.00 0.00 -0.01 -0.01 -0.01 -0.01
Body weight 0.00 0.01 0.01 0.01 0.01 0.02%
Body fat % 0.00 -0.01 0.00 -0.02 0.01 -0.03
CMJ 0.00 0.00 0.01 0.01 0.00 0.01
RSI 0.00 0.00 0.00 0.00 0.00 0.00
SBJ 0.00 0.00 0.00 0.00 0.00 0.00
Sprint 10 m —0.15 ~0.70 023 0.33 0.04 0.12
20-yards 0.44 0.64* 0.56* 0.51% 0.33 0.75%
R 0.73 0.75 0.72 0.63 0.64 0.78
R? 0.54 0.56 0.52 0.39 0.40 0.61
p 0.01 0.01 0.01 0.06 0.04 0.01

R — multiple correlation; R? — coefficient of determination; * denotes statistical significance of p < 0.05.

—0.05, 0.06, —0.05, and —0.06 for FCODS,, FCODS,
FRAG,, FRAG,, FRAGy, and FRAG,, respectively
(all p > 0.05). In the next phase, the calculated and ob-
served scores for the cross-validation subsample were
compared by means of a T-test for dependent samples. Sig-
nificant differences between the calculated and observed
scores were found for all agility performances (t-values
from 6.30 to 27.09, all p < 0.001). Accordingly, we may
emphasise the inappropriateness of the regression model-
ling for all types of agility performance.

Discussion

This study is one of the first to systematically evalu-
ate the predictors of futsal-specific CODS and RAG per-
formance in professional male futsal players. Generic
speed, power, and agility capabilities, as well as anthro-
pometrics, were poorly correlated with futsal-specific
CODS and RAG performance. In addition, multiple re-
gression modelling with running speed, power, agility,
and anthropometric/body-built indices as predictors did
not allow the determination of valid regression models
for the definition of futsal-specific CODS and RAG per-
formance. These findings clearly indicate that the predic-
tors studied here are not valid for predicting futsal-spe-
cific CODS and RAG performance among professional
futsal players.

Due to the similarity in physiological backgrounds of
agility, power, and speed performance (i.e., all three types

of performance require the intensive involvement of fast-
twitch muscle fibres), it is considered that increased speed
and power capabilities may result in better generic agility
performance [10, 14, 29, 30]. Moreover, previous research
showed that even sport-specific agility performance may
be, to some extent, influenced by power capacity [20]. In
particular, Pehar et al. demonstrated that the broad jump is
an important predictor of basketball-specific CODS, while
the reactive strength index is directly related to basketball-
specific CODS and RAG performance. However, the re-
sults from our study do not support such conclusions for
futsal players. Specifically, the multiple regression mod-
els established in our study were not successfully cross-
validated for FCODS,, FCODS,, FRAG,, FRAG,,
FRAGy, and FRAG,. These findings show that generic
speed and power capabilities, together with anthropomet-
rics (e.g., body weight, height, and fat) and generic agility
performance, are not decisive in defining futsal-specific
CODS and RAG performance.

Considering that optimal agility is manifested dif-
ferently across various sports — for example, basketball,
tennis, and handball involve significant “stop-and-go”
transitions, while football and rugby primarily involve
rapid directional changes [29] — it is not surprising that the
results differ when observing the agility performance of
players of different sports. Moreover, basketball-specific
agility tests consist of manipulating the ball with the upper
limbs, while futsal-specific agility tests involve manipulat-
ing the ball with the lower limbs. This most likely results
in different biomechanics when performing directional
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changes, which consequently place different demands on
players’ physical capacities. In addition, the aforemen-
tioned study included basketball players from the second
division, while we observed only first-division futsal play-
ers [20].

Specifically, cognitive and perceptual factors play an
important role in achieving better agility performance, and
research has indicated that lower-level athletes generally
have weaker cognitive capabilities and technical perform-
ance than higher-level athletes [19, 23, 24]. Lower-level
athletes (e.g., basketball players in the study of Pehar
et al.) possibly compensate for their cognitive capabilities
and technical performance with physical factors, which
consequently promote their motor abilities and anthro-
pometrics as important predictors of agility performance
[20]. On the other hand, some of the futsal players stud-
ied here were the winners of national championships and
participants in the Futsal Champions League of the Un-
ion of European Football Association (UEFA) (which is
the highest competition level for futsal teams in Europe).
Such top-level players may have superior cognitive and
perceptual capabilities, as well as technical performance,
which almost certainly decreases the direct influence of
physical capacities on the execution of agility tasks. As
a consequence, their motor abilities and anthropometrics
most likely appeared to be non-valid predictors of agility
performance. However, considering that this investigation
did not analyse cognitive and technical capabilities, these
speculations should be confirmed in future studies.

The results of regression modelling suggesting that
motor abilities and anthropometrics are non-valid predic-
tors of futsal-specific agility performance can be directly
supported by analysing the univariate correlations be-
tween predictors and criteria. Specifically, although CMJ,
RSI, SBJ, 20-yards, BW, and BF% were significantly cor-
related with the different facets of agility (r = 0.23-0.51;
all small to moderate correlations), the common variances
ranged from 5% to a maximum of 26%. In addition, S10m
and BH were not at all significantly correlated with the
criteria. These results clearly indicate that generic power,
speed, and agility capacities, as well as anthropometrics,
are poorly related to futsal-specific CODS and RAG per-
formance. These findings are in the line with those of pre-
vious research that correlated various physiological and
anthropometric variables with futsal-specific CODS and
RAG performance and reported poor associations between
them [26, 28].

The present investigation has some limitations that
should be considered. Firstly, this is a cross-sectional
study, and therefore, for a more thorough analysis of the
predictors of futsal-specific agility performance, longitu-
dinal analyses are needed. In addition, a limited number
of independent variables were included to assess generic
power, speed, and agility, which could have affected the

results. To provide more a comprehensive understanding
of the predictors of futsal-specific CODS and RAG per-
formance, future research should evaluate other factors
that may influence futsal-specific agility performance,
such as cognitive and perceptual factors and technical per-
formance. In addition, other types of agility performance
(e.g., stop-and-go agility) should be considered. Finally,
observing players according to their playing positions may
contribute to a better applicability of the results.

Conclusion

This study showed that futsal-specific CODS and RAG
performance is poorly related to the generic power, speed,
agility, and anthropometrics, indicating that players’ mo-
tor abilities and anthropometric characteristics are not
decisive in defining futsal-specific agility performance.
Considering that the agility performance studied here
mimics real-game situations in futsal, the findings from
this study demonstrate that superiority in generic power
and speed, as well as in generic agility performance and
anthropometrics, may not have a significant effect on
futsal match performance. On the other hand, it is most
likely that superior cognitive and perceptual factors, such
as response time and decision-making time, together with
superior technical performance, may greatly contribute to
the achievement of successful match performance in futsal
matches. Therefore, training protocols that aim to develop
or maintain motor abilities should be specific to futsal (i.e.,
match-related). This most specifically means that the im-
plementation of a ball and the stimulation of cognitive and
perceptual capabilities are highly recommended for the
conditioning of futsal players. Such a training approach
may have a positive impact on futsal match performance
and, consequently, on the performance of the whole team.
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