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Featured Application: The results presented in this study provide a reference point on the most
important anthropometric determinants of women'’s futsal performance, which can help coaches
to improve their performance.

Abstract: Futsal is classified as a high-intensity intermittent sport or repeated-sprint sport. Explosive
and very fast movements are performed with short reaction time, interspersed with playing time of 3
to 6 min during the 40 min match, at intensities of 85-90% of maximum HR. Performance factors
such as agility, sprint repetition capacity, aerobic endurance capacity, lower body power, and speed
are associated with the game actions. These performance factors can be affected by the athlete’s
body composition. The aim is to determine the relationship between the different physical and
physiological performance parameters and body composition in top-level women'’s futsal players.
The subjects of the study were 12 elite female futsal players (25.17 £ 4.75 years old) competing in the
First Division Spanish League. An anthropometric assessment was conducted by an ISAK level III
anthropometrist for three days during the competitive period. The sum of 4, 6 and 8 skinfolds and
body composition were calculated with anthropometric data. Performance tests were conducted to
evaluate agility, ability to repeat sprints, velocity and the explosive power of lower extremities in the
playing court with specific warm up and previous explication during 2 days in the same week as the
anthropometric tests. The tests used for that purpose were: t-test, Yo-Yo test, repeat-sprint ability
(RSA), speed test, and jump test (JS, CMJ and ABK). Pearson correlations were used to establish the
different associations with a p-value < 0.05. The results showed a negative correlation between agility
and the fat component, and a positive correlation between the muscle component and aerobic capacity,
agility, speed, and ABK jump. Body composition plays a fundamental role in the development of
performance-related skills in women’s futsal.

Keywords: futsal; female athlete; performance; body composition; anthropometry; agility; speed;
VO;,max; sprint ability

1. Introduction

The duration of a match can exceed the theoretical 40 min of the match by up to 80%
due to stoppages of time when play is stopped for fouls, throw-ins or corners [1-3]. This
aspect, together with the small size of the field of play (40 x 20 m) and the unlimited number
of substitutions, makes futsal a form of high-intensity intermittent sport (HIIS) or sport of
repeated sprints [4]. Players perform mostly interval-fractional-type efforts, of submaximal
and maximal intensity, and interspersed with active and incomplete recovery breaks (low-
intensity activities or game breaks) [5]. Between substitutions of the same player, the playing
time usually lasts between 3 and 6 min [3,6]. During the match, intensities of around 85-90%
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of the HRmax are recorded, with this intensity maintained for 80% of the match time, along
with a maximum oxygen consumption level of 75% [6,7]. In addition, an average of nine
different actions per minute are performed, at least two of them being of high-intensity [8],
and with these situations related to aerobic power [9]. Therefore, these intensities are difficult
to maintain due to the accumulation of metabolites, such as the infold in blood lactate, the
depletion of muscle phosphocreatine deposits, or changes in intermuscular coordination that
affect contraction [10]. In light of these demands, and the fast and explosive game actions,
several authors state that the repeat sprint ability (RSA), defined as the ability to repeat
these high-intensity actions [11-15], should be considered when evaluating performance in
indoor football, as it can be used to discriminate the competitive level of an indoor football
player [16,17]. Likewise, the speed of the player, which also influences the speed of the actions
and the game, is another determining factor [18]. Another performance factor to consider
is agility [19], defined as a rapid movement of the whole body with changes in speed and
direction in response to various stimuli [20], which can be decisive in neutralizing the actions
of the opponent, reducing the risk of injury, and improving the player’s performance [21].
On the other hand, in terms of technique, the explosive power of the lower extremities is
decisive for ball striking and explosive actions [22]. Lastly, due to the rules of the game of
futsal, players require high aerobic capacities, as they can cover up to 4.5 km per match, as
well as a good development of anaerobic energy pathways [16].

All these sport performance parameters can be modified by the athlete’s body compo-
sition [23]. The fat percentage can influence the sprint time and the body power assessed by
the vertical jump. Other studies have seen a correlation between the percentage of muscle
mass on agility or aerobic capacity in sports with similar characteristics to futsal, such as
handball, hockey or volleyball [24-26]. There is scarce scientific evidence of anthropometric
characteristics of female futsal players in relation to their competitive performance [27,28].
However, Kooshaki et al. (2014) associated the anthropometric characteristics of female
players to key futsal skills (ball control, ball sprint speed, passing, dribbling, and shooting),
concluding that there was a direct negative association between fat percentage and the
ability to dribble and control the ball at maximum speed, being worse the higher the fat
percentage [29].

Given the above, it can therefore be deduced that when comparing two teams with the
same or similar technical-tactical ability, the one with a higher level of physical condition
will have a greater chance of success [30]. The aim of the study was to evaluate body
composition and performance characteristics in elite female futsal players and analyze
associations between the measured characteristics.

2. Materials and Methods
2.1. Subjects

The study population was selected by non-probability, non-injury convenience sam-
pling. The team consisted of 14 players, but two of them were excluded due to injury.
The 12 Spanish elite female futsal players from the Alicante team (25.17 & 4.75 years old)
voluntarily participated in this study. None of the players suffered any injuries in the
6 months prior to the tests on orthopedic or neurological diseases or operations of lower
extremities. The team competes in the first division of the Spanish futsal league. Team’s
track record includes twice European University champions, qualifying for the Spanish
queen’s cup 9 times, 8 Spanish university championships, and runners-up in the Spanish
league 2016/2017 season. The composition by positions of the sample was as follows:
3 goalkeepers, 4 forwards, 4 wingers and 1 pivot. The female futsal players studied had, at
least, 5 years competing and training in elite futsal teams. The players trained a total of
7.5-12.5 h/week, spread over a total of 3-5 sessions depending on the period of the season
they were in. The athletes took part in afternoon training sessions from Monday to Friday
(strength, technical-tactical, endurance, and plyometrics) at 19:30. On weekends, they gen-
erally competed on Saturday evenings at 19:00 for home matches. For away matches every
fortnight, the team travelled by bus and the journeys lasted between 4 and 26 h (round trip).
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Anthropometric and performance assessment was performed in February 2020 during
the competition period. The anthropometric evaluation was carried out in non-working
or non-teaching hours in the afternoon, the previous training session, on 3 consecutive
days. On the measurement days, the players should not have performed high-intensity
exercise the previous day, nor should they have performed training or stretching sessions
on the same day. Anthropometric assessment was performed in a room that was especially
designed for this purpose [31,32]. The performance tests were carried out on the usual
training track and at the usual training time, in the afternoon before the start of training
in two sessions in the same week before the week of the anthropometric assessment. A
written informed consent form was obtained from the participants explaining the objectives
and characteristics of the study.

2.2. Experimental Design

This is an observational and descriptive study. The subjects studied included the elite
female futsal players of the University of Alicante. Exclusion criteria were players with any
active injuries.

2.3. Instrumental Procedures
2.3.1. Anthropometric Measurements

Anthropometric measurements were taken according to the ISO 7250-1:2017 and the
International Society for the Advancement of Kinanthropometry (ISAK) standard [31].

The anthropometric measurements were performed using a measuring rod (1 mm
accuracy), a scale (TANITA—BC-601, Amsterdam, The Netherlands—100 g accuracy),
a flexible tape measure (1 mm accuracy), a small sliding caliper (Cescorf, Porto Alegre,
Brasil—1 mm accuracy), a skinfold caliper (Holtain, Crymych, UK—0.2 mm accuracy) and
others Supplementary Material (demographic pencil and anthropometric box).

A trained anthropometrist with level III ISAK certification conducted the assessment.
Body composition measurements included (1) Basic measurements (body mass and stretch
stature); (2) Skinfolds (triceps, subscapular, biceps, iliac crest, supraspinal, abdominal, thigh,
and calf); (3) Girths (arm relaxed, arm flexed and tensed, waist, abdominal, hips, thigh
middle, and calf); (4) Breadths (humerus, bi-styloid, and femur). The body composition
was determined using the formulas described by the Spanish Kinanthropometry Group
(GREC) [32], following the four-component model (muscle mass (MM), fat mass (FM),
bone mass (BM) and residual mass (RM)). For this, the following were utilized: Wither’s
formula for calculating FM expressed in percentage [31], Lee’s formula for calculating MM
expressed in kg [33], and Rocha’s formula for calculating BM expressed in kg [34]. At
the same time, the sum of 8 skinfolds was calculated, as well as two health indices: the
waist-height index and the body adiposity index. The technical errors of measurement were
0.04% for basic measurements, 2.34% for skinfolds, 0.26% for girths and 0.35% for breadths.

Somatotype was estimated following the Heath—Carter method, establishing the three
Carter components (endomorph, mesomorph, and ectomorph, separately) and representing
those results in a somatotype chart. The somatotype chart is the graphical representation of
the somatotype where the rating of the three components of the somatotype is plotted in a
two-dimensional chart [35].

2.3.2. Performance Testing

All tests were carried out during the second week of February 2020, coinciding with
the second phase of the competition period, and after two weeks of readjustment to training.
These were carried out during two training sessions, with a minimum of 48 h between
sessions on the training track with the usual training clothes. In the first session, the
jumping test, running speed test and RSA test were performed in that order. The agility test
(t-Test) and aerobic endurance capacity test (“Yo-Yo”) were performed in the second session
in that order. A generic, general warm-up was carried out before participation in the tests,
which consisted of 3 min of continuous running, 5 min of dynamic joint mobility, and
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3 progressive sprints of 25 m. A rest period of 10 min was allowed between the different
tests. All subjects were familiarized with the tests and had performed them at least once
before, as well as with the explanations given by the researchers in situ.

Aerobic Endurance Capacity

A PolarM400® heart rate monitor with a PolarH7® chest strap was used to measure
heart rate (HR). The “Yo-Yo Intermittent Recovery Test level 1” (YYIR1) was performed.
It is an intermittent aerobic endurance test with a progressive infold in intensity until
exhaustion. The test consists of periods of 40 m sprints (2 x 20 m out-and-back), increasing
in speed according to the distance covered, with the time being monitored by beeps from an
audio device connected to a loudspeaker [36]. An active recovery time of 10 s is provided,
which remains unchanged throughout the test, consisting of 2 x 2.5 m of jogging. The test
is terminated when a subject fails to reach the finish line twice in succession. The infold
in speed is carried out as follows: 4 runs at 10-13 km/h (0-160 m) and another 7 runs
at 13.5-14 km/h (160-440 m), continuing with speed increments of 0.5 km/h, staggered
after every 8 runs (i.e., after 760, 1080, 1400, 1720 m, etc.) until exhaustion. The track is
bounded by cones, with a width of 2 m and a length of 20 m, with another cone marking
the active recovery distance (5 m) [37]. The total distance covered in the test was used as a
criterion for the estimation of VO,max [36]. The characteristics measured were the distance
covered in meters and HR in beats per minute, giving rise to the calculation of VO,max.
The average values of maximum HR, average distance covered and average VO,max of all
the players were used for the analysis.

RSA

Time was measured for 5 and 25 m using three photocells (Microgate® Polifemo Radio
Light, Bolzano, Italy) (1 m from the floor). In the second session, an RSA test was per-
formed to estimate the ability to repeat high-intensity actions, where each player had to
perform 6 maximum sprints of 25 m with 25 s of active recovery between them [38], also
measuring the acceleration in 5 m [17]. Recovery was performed by jogging back to the
starting point, providing auditory feedback to inform when to start the sprint. The start
mark was placed 0.5 m from the first photocell. As performance indicators, the sum of the
times recorded to cover the 6 repetitions of 25 m [39], the fatigue index, associated with the
ability to repeat sprints, using the sprint decline rate (Sdec), determined using the equation:
Sdec = (RSAtotal/(RSA best x 6) x 100) — 100 [14], and the change in fatigue index relat-
ing the first and last sprint using the equation: Change = ((RSA latest — RSA first)/(RSA
first)) x 100 [39].

Running Speed

Three photoelectric cells (Microgate Polifemo Radio Light, Bolzano, Italy) [17] were
used as the instruments (1 m from the floor), which were placed at the start, at 5 m, to
measure the acceleration time of the players, and at 25 m, to evaluate the total time at the
end of the run. It should be noted that the players had the starting line 0.5 m from the first
photocell. The average time it took the players to cover 5 and 25 m course were calculated,
as well the best mark of both distances was recorded in seconds.

Agility

One photoelectric cell (Microgate Polifemo Radio Light, Bolzano, Italy) [17] was used
as the instrument placed at the start of the drawn T. The t-Test was used, following the
protocol with certain modifications made by Asencio-Vicedo et al. (2020) [40]. This test
consists of a circuit at maximum speed in which a letter T has to be drawn and delimited
with cones in 4 points (Figure 1). The player started the test with both feet 0.5 m behind
the starting line (A) and sprinted in a straight line 10 m to point B. Once the cone was
reached, the player shuffled to the left and 5 m to the next cone (C), after which the player
shuffled to right 10 m to touch the cone on the other side (D). Then, shuffled to the left
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5 m back to return to the central cone (B), in that moment, players ran backward until they
passed the starting line (A). The t-test measures different types of displacement. Lateral
and backwards. In futsal, there are not only linear movements, but also lateral movements
(covers, and supports) and backwards movements (retreats and pivot play). Each subject
was allowed a minimum of 3 min between two attempts to ensure adequate recovery. The
measure obtained to establish correlations is the best time in seconds of three attempts.

5m 5m
A%AA /o

10m

v

/i

Figure 1. Graphical representation of the agility test “t-test”.

Explosive Power of Lower Extremities

The Chronojump DIN-A4 force platform (Optojump, Microgate, Bolzano, Italy) was
used together with the Chronojump software application. The procedure followed was
a battery of the jump tests Squat Jump (SJ), Countermovement Jump (CM]J), Abalakov
jump (ABK) [41] which follows the following sequence: Initially, the SJ is performed, which
consists of a jump starting from a knee flexion of approximately 90°. The hands must
be placed on the hips and must not be separated until the end of the jump. This jump
is performed without a countermovement. Next, a CM] is performed, which consists of
starting the jump in the same way as the previous procedure, but this time, when starting
the jump, the athlete can perform a countermovement or rebound, that is, perform a knee
flexion—extension and then look for a vertical jump. Finally, an ABK is performed, which
consists of a similar procedure to the previous ones, except that in this type of jump, the
players can use the swinging of their arms to propel their bodies towards the maximum
vertical jump. Up to 3 attempts were allowed for each jump with a recovery time between
attempts of minimum 3 min to ensure complete recovery. The measurements recorded in
these tests are the flight time in seconds and the height the players reach in cm. The best
jump was used for the analysis.

2.4. Statistical Analysis

The Statistical Package for Social Sciences (SPSS) v.22 software was used to analyze
the data. A Kolmogorov—Smirnov normality test indicated a normal distribution, so the
statistical test applied was Pearson’s correlation coefficient (r) to determine the relationships
with the performance of all measured parameters. Variables with a correlation between
0.30 and 0.70 were considered as moderate associations, while variables with a correlation
higher than 0.70 were considered as sufficiently strong associations. p-values lower than
0.05 were considered statistically significant [42].

3. Results

Tables 1 and 2 shows the anthropometric values of the sample derived from the
anthropometric measurements taken.
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Table 1. Anthropometric data.

Variable Mean SD

Basic measures
Body mass (kg) 59.79 6.36
Stretch stature (m) 1.64 0.05
BMI (kg/m?) 2227 1.75

Skinfolds
Subscapularis (mm) 9.41 2.67
Triceps (mm) 13.76 3.43
Biceps (mm) 4.83 1.66
Iliac crest (mm) 13.73 5.02
Supraspinal (mm) 9.33 2.64
Abdominal (mm) 14.69 5.34
Thigh (mm) 22.93 4.68
Calf (mm) 10.20 2.72
Sum of 4 skinfolds (mm) 42.70 8.64
Sum of 6 skinfolds (mm) 80.32 15.84
Sum of 8 skinfolds (mm) 101.89 21.78
Girths
Relax arm (cm) 26.34 1.84
Flexed and tensed arm (cm) 27.38 1.64
Waist (cm) 70.31 3.31
Abdominal (cm) 76.81 4.64
Hips (cm) 96.29 3.93
Thigh middle (cm) 52.01 2.34
Calf (cm) 34.98 1.52
Breadths

Humerus 6.11 0.33
Bi-styloid 5.01 0.24
Femur 9.14 0.32

Table 2. Body composition data.

Variable Mean SD

Body Density 1.07 0.01

Fat Mass (FM) (%) 21.03 3.05
Fat Mass (FM) (Kg) 12.57 3.29
Muscle Mass (MM) (%) 38.39 2.05
Muscle Mass (MM) (Kg) 22.95 5.80
Bone mass (%) 16.00 1.19
Bone mass (Kg) 9.57 2.47
Endomorphy 343 0.79
Mesomorphy 3.53 0.68
Ectomorphy 2.13 0.88

FM: Wither’s formula; MM: Lee’s formula; BM: Rocha’s formula. Whiter’s formula: 100 x (4.95/Body Density —
4.5); Lee’s Formula: Height x (0.00744 x perimeter corrected arm contracted? + 0.00088 x corrected front thigh
gir’ch2 +0.00441 x calf girth2) + (2.4 x age) — (0.048 x gender) + race + 7.8; Rocha’s formula: 3.02 x (Height2 X
Bystiloid breadth/100 x Femur breadth/100 x 400)°712.

Table 3 shows the results of the different performance tests carried out, expressed in
the measurement value that corresponds to each of them as well as the standard deviation
(SD) of each value.
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Table 3. Performance testing results.

Performance Test Value SD

t-test

Best (s) 11.01 0.31

Running Speed

Mean 5 m (s) 1.16 0.08
Best 5 m (s) 1.14 0.08
Mean 25 m (s) 4.07 0.15
Best 25 m (s) 4.03 0.16
CM]J, SJ and ABK

Best Flight time SJ (s) 0.49 0.02
Best Height SJ (cm) 28.95 2.57
Best Flight time CM]J (s) 0.50 0.02
Best Height CMJ (cm) 3147 2.82
Best Flight time ABK (s) 0.52 0.03
Best Height ABK (cm) 33.60 3.75
Yo-Yo

HR Max (bpm) 189.78 2.05
Average HR (bpm) 167.22 10.23
Distance (m) 1120.00 336.4
VO;max (mL/kg/min) 45.81 2.83
RSA

Mean (s) 3.87 0.16
Total (s) 23.30 0.98
Best (s) 3.76 0.18
Sdec (s) 2.79 1.62

HR Max: Heart Rate Maximum. Maximum number of beats per minute that the heart reached during the test;
Sdec: Sprint Decline Rate, bpm: beats per minute.

The correlations between the values in Tables 1 and 2 are shown in Table 3, where the
main variable, the test in question, and the anthropometric factor to which it is related are
shown in Table 4.

The Yo-Yo aerobic endurance test showed a medium-high inverse correlation between
VO;max values with abdominal skinfold (r = —0.772) and abdominal girth (r = —0.685). In
addition, a correlation with the mesomorphic component (r = 0.672) was also found.

In turn, agility also showed a strong correlation with the abdominal skinfold (r = 0.744),
and moderately high correlations with the biceps fold (r = 0.610), endomorphy (r = 0.616)
and the different sums of skin folds, as shown by r = 0.575 (sum of 4 folds), r = 0.593 (sum
of six skinfolds) and r = 0.576 (sum of eight skinfolds). There were no relevant correlations
between agility and other variables.

As for jumping, there was a moderately high correlation between the size of the
players and the flight time in the ABK jump (r = 0.605) and with the height of the same
type of jump (r = 0.598). In relation to the other types of jumps that were measured, no
relevant correlations were observed, neither with the SJ nor with the CMJ.

Correlations were also found between speed and the mesomorphic component, as
observed by a moderately low correlation with the 5 m mean (r = 0.430), and moderately
high correlation with the 25 m mean (r = 0.612). Finally, a moderately high correlation
was found between mesomorphy and the average of each player’s best 25 m performance
(r=0.624).

The RSA test did not present any significant correlation that could relate any anthro-
pometric parameter to the RSA capacity.
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Table 4. Correlations between test and anthropometric variables.

Test Pe:'/faorll'rar?:relce Antl‘:: (f;)br:leetric Pearson’s Correlation p-Value
Biceps skinfold 0.610 0.035*
abd. skinfold 0.744 0.006 *
t-test Agility Sum. 4 skinfolds 0.575 0.050 *
Sum. 6 skinfolds 0.593 0.042 *
Sum. 8 skinfolds 0.576 0.050 *
Endomorphy 0.616 0.033 *
Flight time ABK Explosive power Stretch stature 0.605 0.037*
Height ABK Stretch stature 0.598 0.040 *
Mean 5 m. Mesomorphy 0.430 0.163
Best 5 m. Mesomorphy 0.512 0.089
Size 0.472 0.122
Speed Sum. 4 folds 0.419 0.175
Mean 25 m. Mesomorphy 0.612 0.034 *
Ectomorphy 0.478 0.116
% fat 0.435 0.158
Best 25 m. Mesomorphy 0.624 0.030*
Ectomorphy 0.458 0.134
abd. skinfold —0.772 0.015*
abd. girth —0.685 0.042 *
Biceps skinfold —0.537 0.136
Yo-Yo VOomax Tliac crest fold —0.633 0.067
Suprasp. skinfold —0.516 0.155
Sum. 8 skinfolds —0.541 0.133
BMI —0.557 0.119

* p-value: Significant p value (p < 0.05). abd: abdominal; Suprasp: supraspinal, sum: summation.

4. Discussion

The aim of this study was to evaluate body composition and performance charac-
teristics in elite female futsal players and analyze associations between the measured
characteristics. This study showed that different characteristics of body composition and
anthropometric measures presented correlations with performance parameters. Aerobic
endurance capacity was inversely correlated with abdominal skinfold and abdominal girth
and positively correlated with the mesomorphic component. The abdominal skinfold also
was related positively with agility, that could be affected by the endomorphy component
and the sum of four and four skinfolds. The highest players obtained better results in
the ABK jump and players who had more mesomorphy component obtained better re-
sults in the 25 m velocity test. The RSA test was the only test with no relation with any
performance parameter.

In other studies, body composition and anthropometric variables have shown some
relationship with certain components of athletic performance [43-45]. Body fat percentage
is one of the limiting factors in terms of the ability to perform explosive actions [46]. The
results obtained in this study in terms of fat mass percentages (21.30 & 3.51) were similar
to the percentages found in the scientific literature with athletes in sports with the same
characteristics [27,28,47-49]. On the other hand, the mean percentage of muscle mass
obtained (38.39 + 2.05) was below that obtained by Queiroga et al., 2018 [49] in a team
of female indoor football players, where they presented percentage levels of 45.4 + 4.5.
However, the result concurred with the study carried out by Voser (2016) [49], whose mean
lean mass percentage was 38.32 £ 1.6. Regarding somatotype, the players showed an endo-
mesomorphic body structure (3.43-3.53-2.13), which means that there is a balance between
fat percentage and muscle percentage. Similar values were presented in a study carried out
on 115 female players in Brazil (4.5-4.1-2.0), with higher values than those obtained in our
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study, but with the same body classification [50], just as in another study carried out with
86 Spanish players with similar values and the same classification (3.82-3.27-2.01) [48].

These body composition variables could be related to a greater or lesser extent with
some skills necessary for sports practice, such as agility, aerobic capacity, lower body power,
and speed. In relation to agility, the time obtained in the t-test measurement was higher
than those obtained in other studies with athletes trained in other sports with similar
characteristics [40]. In contrast, the scientific literature has described a direct relationship
between the assessment of aerobic capacity in a level 1 intermittent endurance Yo-Yo test, and
the physical performance in an indoor football match, of high-level competitive players [51].
The mean VO,max values obtained in this study were within the mean values found in
studies related to intermittent sports [51-53] and there was no clear evidence that higher
VO,max values significantly improved competitive performance in this discipline [53].
Another of the determining variables of performance in indoor football is the explosive
power of lower extremities [22]. In the study carried out by Gorostiaga et al. (2009) [54],
it was observed that indoor football players obtained lower values in the vertical jump
(38.1 cm) than outdoor football players (44.9 cm), which may be due to the fact that in indoor
football, there are fewer frequent actions in which vertical jumps are performed or needed,
as the ball travels for a longer period at ground level. The results of our study (31.47 cm)
and another study carried out with elite female futsal players (26.7 cm) [9] showed lower
values than those obtained in the male sex due to the greater muscle power developed in
the male sex. As for the CM]J and SJ vertical jumps, no correlations were found with the
anthropometric variables. On the other hand, the flight time and height of the ABK jump
correlated with the height of the female players. The highest correlations obtained in our
study are shown between mesomorphy and the time employed running 25 m, both in the
overall mean (r = 0.612) and the mean of the best times (r = 0.624). To measure speed in futsal,
some studies have used different distances [38,55], and 25 m may be a slightly excessive
distance in futsal [56]. After analyzing the results of our study, and in comparison with the
literature found, we can say that a percentage of muscle mass, related to the mesomorphic
component, could improve the speed factor, as documented in other studies related to
acceleration and speed and muscle mass [57-59], with this being an advantage for indoor
football players when performing technical and motor actions during a match [9].

From the results of our study, a mean inverse correlation between fat percentage and
total VO,max derived from the Yo-Yo test was found (r = —0.590; p = 0.094); this was also
corroborated by the data obtained from the skinfolds, which also showed a significant
inverse correlation for the parameters of abdominal skinfold with VO,max (r = —0.772;
p = 0.015) and abdominal perimeter with VO,max (r = —0.685; p = 0.042). Furthermore, a
correlation was also observed between muscle mass values and aerobic capacity (r = 0.513;
p = 0.158), which may indicate that levels of muscle mass close to 40%, and low levels
of fat mass, could contribute to the development of good aerobic capacity. Our study
showed a strong correlation between agility and anthropometric variables related to the
fatty compartment (sum skinfold, abdominal skinfold, biceps skinfold, and endomorphic
component), indicating that the lower the value measured in these variables, the greater
the agility that can be developed for the performance of actions typical of indoor football
such as changes in direction, accelerations, or decelerations, but no references have been
found in the scientific literature that relate agility to these variables. Finally, in our study, no
correlations were found between the ability to repeat sprints and anthropometric variables,
but other studies have associated a greater ability to repeat sprints with a high muscle profile
and low adiposity [60], which may be due to the sample size and gender of the subjects.

The limitations of our study are centered on the lack of other studies that focused on
female futsal players and studies of futsal and similar sports that relate body composition
to physical performance. On the other hand, the authors consider the sample size to be
a limitation; it should be taken into consideration that there was only one first division
women'’s futsal team in the province of Alicante, and due to the logistics of the tests, it was
impossible to increase the sample with teams from other autonomous communities. It is
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also worth mentioning the timing of the anthropometric measurements. In our study, these
measurements were taken in the afternoon because the players are students and many of
them work, which is why in the mornings, they could not go to the room prepared for the
tests, having to transfer the analyses to the afternoons, before the training session. In this
sense, and due to the small sample size, the body composition and performance tests were
not distinguished by the different positions of the players, as the sample would be very small,
and it would not be possible to establish significant relationships between the different groups
by position. This aspect should be considered for future research, as the difference between
positions may exist and define the performance characteristics of a player.

5. Conclusions

Aerobic capacity, VO,max and speed are related to a predominantly mesomorphic
component, higher total muscle mass and lower % and total fat mass % of each player. A
larger abdominal skinfold and a larger abdominal girth are associated with poorer agility
and the stretch stature of the players is related to greater lower-extremity explosive power.
The development of a balanced somatotype between both, with a slight mesomorphic
predominance, seems to offer a better performance in women’s indoor football. Key factors
in futsal performance, such as aerobic capacity, VO,max and agility, benefit when athletes
have anthropometric parameters with a higher percentage of muscle mass. The results of
this study may be useful for the coaching staff of women'’s futsal teams, who can assess the
anthropometric composition of the players and thus determine what could be changed to
improve performance. It also generates data for comparison in future research in the field
of women'’s futsal related to body composition and performance.
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3.02 x (Heigh’c2 x Bystiloid breadth/100 x Femur breadth/100 x 400)°712, Heart Rate Maximum (HR
Max); Sprint Decline Rate (Sdec), beats per minute (bpm); Abdominal (abd); supraspinal (Suprasp).



Appl. Sci. 2022,12, 11492 110f13

References

1.  Federacion Internacional de Futbol (FIFA). Reglas de Juego Del Futsal 2020/2021; 2020. Available online: https:/ /www.fvf-bff.
org/img/Normativa/REGLAS%20DE%20JUEGO%20FUTSAL%202021-22(1).pdf (accessed on 1 August 2022).

2. Barbero-Alvarez, ].C.; Soto, V.M.; Barbero-Alvarez, V.; Granda-Vera, ]. Match Analysis and Heart Rate of Futsal Players during
Competition. J. Sports Sci. 2008, 26, 63-73. [CrossRef] [PubMed]

3. Spyrou, K; Freitas, T.T.; Marin-Cascales, E.; Alcaraz, P.E. Physical and Physiological Match-Play Demands and Player Character-
istics in Futsal: A Systematic Review. Front. Psychol. 2020, 11, 569897. [CrossRef] [PubMed]

4. Bangsbo, ]. Physiological Demands of Football. Sport. Sci. 2014, 27, 1-6.

5. Medina, J.A ; Salillas, L.G.; Virén, P.C. Necesidades Cardiovasculares y Metabdlicas Del Fitbol Sala: Analisis de La Competicion.
Apunt. Med. I'Esport 2002, 67, 45-51.

6. Castagna, C.; D'Ottavio, S.; Vera, J.G.; Alvarez, J.C.B. Match Demands of Professional Futsal: A Case Study. J. Sci. Med. Sport 2009,
12, 490-494. [CrossRef]

7. Castagna, C.; Belardinelli, R.; Impellizzeri, EM.; Abt, G.A; Coutts, A.].; D’Ottavio, S. Cardiovascular Responses during
Recreational 5-a-Side Indoor-Soccer. J. Sci. Med. Sport 2007, 10, 89-95. [CrossRef]

8.  Barbero Alvarez, J.C.; Soto Hermoso, V.; Granda Vera, J. Effort Profiling During Indoor Soccer Competition. J. Sports Sci. 2004, 1,
500-501.

9.  Ramos-Campo, D.J.; Rubio-Arias, ].A.; Carrasco-Poyatos, M.; Alcaraz, P.E. Physical Performance of Elite and Subelite Spanish
Female Futsal Players. Biol. Sport 2016, 33, 297-304. [CrossRef]

10. Thomas, C.; Sirvent, P; Perrey, S.; Raynaud, E.; Mercier, J. Relationships between Maximal Muscle Oxidative Capacity and Blood
Lactate Removal after Supramaximal Exercise and Fatigue Indexes in Humans. J. Appl. Physiol. 2004, 97, 2132-2138. [CrossRef]

11.  Bangsbo, J. Fitness Training in Football: A Scientific Approach; August Krogh Institute, Ed.; University of Copenhagen: Copenhagen,
Denmark, 1994.

12.  Impellizzeri, EM.; Rampinini, E.; Castagna, C.; Bishop, D.; Ferrari Bravo, D.; Tibaudi, A.; Wisloff, U. Validity of a Repeated-Sprint
Test for Football. Int. J. Sports Med. 2008, 29, 899-905. [CrossRef]

13. Psotta, R.; Blahus, P.; Cochrane, D.J.; Martin, A.J. The Assessment of an Intermittent High Intensity Running Test. ]. Sports Med.
Phys. Fitness 2005, 45, 248-256. [PubMed]

14. Spencer, M.; Bishop, D.; Dawson, B.; Goodman, C. Physiological and Metabolic Responses of Repeated-Sprint Activities: Specific
to Field-Based Team Sports. Sport. Med. 2005, 35, 1025-1044. [CrossRef] [PubMed]

15. Svensson, M.; Drust, B. Testing Soccer Players. J. Sports Sci. 2005, 6, 601-618. [CrossRef]

16. Alvarez, J.C.B.; D'Ottavio, S.; Vera, ].G.; Castagna, C. Aerobic Fitness in Futsal Players of Different Competitive Level. J. Strength
Cond. Res. 2009, 23, 2163-2166. [CrossRef] [PubMed]

17.  Ayarra, R.; Nakamura, FY.; Iturricastillo, A.; Castillo, D.; Yanci, J. Differences in Physical Performance According to the
Competitive Level in Futsal Players. |. Hum. Kinet. 2018, 64, 275-285. [CrossRef] [PubMed]

18. Naser, N.; Ali, A.; Macadam, P. Physical and Physiological Demands of Futsal. J. Exerc. Sci. Fit. 2017, 15, 76-80. [CrossRef]
[PubMed]

19. Benvenuti, C.; Minganti, C.; Condello, G.; Capranica, L.; Tessitore, A. Agility Assessment in Female Futsal and Soccer Players.
Medicina 2010, 46, 415. [CrossRef] [PubMed]

20. Sheppard, J.; Young, W. Agility Literature Review: Classifications, Training and Testing. ]. Sports Sci. 2006, 24, 919-932. [CrossRef]
[PubMed]

21. Milanovi¢, Z.; Sporis, G.; Trajkovi¢, N.; Fiorentini, F. Differences in Agility Performance between Futsal and Soccer Players. Sport
Sci. 2011, 4, 55-59.

22.  Fried, T,; Lloyd, G.J. An Overview of Common Soccer Injuries. Management and Prevention. J. Sports Med. 1994, 4, 269-275.

23. Reilly, T.; Williams, A.M.; Nevill, A.; Franks, A. A Multidisciplinary Approach to Talent Identification in Soccer. J. Sports Sci. 2000,
18, 695-702. [CrossRef] [PubMed]

24. Zapartidis, I; Vareltzis, I.; Gouvali, M.; Kororos, P. Physical Fitness and Anthropometric Characteristics in Different Levels of
Young Team Handball Players. Open Sports Sci. J. 2009, 2, 22-28. [CrossRef]

25. Elferink-Gemser, M.T.; Visscher, C.; Lemmink, K.A.P.M.; Mulder, T.W. Relation between Multidimensional Performance Char-
acteristics and Level of Performance in Talented Youth Field Hockey Players. J. Sports Sci. 2004, 22, 1053-1063. [CrossRef]
[PubMed]

26. Gabbett, T.; Georgieff, B. Physiological and Anthropometric Characteristics of Australian Junior National, State, and Novice
Volleyball Players. . Strength Cond. Res. 2007, 21, 902-908. [CrossRef]

27.  Ari, Y. The Relationship between Anthropometric Characteristics and Motoric Performance of Female Futsal Players. Int. |. Appl.
Exerc. Physiol. 2020, 9, 11-17.

28. Queiroga, M.R;; Ferreira, S.A.; Romanzini, M. Anthropometric Profile of Elite Athletes of Women’s Futsal According to Tactical
Function in the Game. Rev. Bras. Cineantropometria Desempenho Hum. 2005, 7, 30-34.

29. Kooshaki, F; Nikbakht, M. Relationship between Body Composition Profile and Basic Futsal Skill in Elite Futsal Female Players.
Heal. Satefy Environ. 2014, 2, 98-102.

30. Gheorghe, C.; Ion, C. The Futsal Players Physical Training during the Special Period. . Phys. Educ. Sport 2011, 12, 125.


https://www.fvf-bff.org/img/Normativa/REGLAS%20DE%20JUEGO%20FUTSAL%202021-22(1).pdf
https://www.fvf-bff.org/img/Normativa/REGLAS%20DE%20JUEGO%20FUTSAL%202021-22(1).pdf
http://doi.org/10.1080/02640410701287289
http://www.ncbi.nlm.nih.gov/pubmed/17899472
http://doi.org/10.3389/fpsyg.2020.569897
http://www.ncbi.nlm.nih.gov/pubmed/33240157
http://doi.org/10.1016/j.jsams.2008.02.001
http://doi.org/10.1016/j.jsams.2006.05.010
http://doi.org/10.5604/20831862.1212633
http://doi.org/10.1152/japplphysiol.00387.2004
http://doi.org/10.1055/s-2008-1038491
http://www.ncbi.nlm.nih.gov/pubmed/16230973
http://doi.org/10.2165/00007256-200535120-00003
http://www.ncbi.nlm.nih.gov/pubmed/16336007
http://doi.org/10.1080/02640410400021294
http://doi.org/10.1519/JSC.0b013e3181b7f8ad
http://www.ncbi.nlm.nih.gov/pubmed/19855347
http://doi.org/10.1515/hukin-2017-0201
http://www.ncbi.nlm.nih.gov/pubmed/30429918
http://doi.org/10.1016/j.jesf.2017.09.001
http://www.ncbi.nlm.nih.gov/pubmed/29541136
http://doi.org/10.3390/medicina46060058
http://www.ncbi.nlm.nih.gov/pubmed/20944450
http://doi.org/10.1080/02640410500457109
http://www.ncbi.nlm.nih.gov/pubmed/16882626
http://doi.org/10.1080/02640410050120078
http://www.ncbi.nlm.nih.gov/pubmed/11043895
http://doi.org/10.2174/1875399X00902010022
http://doi.org/10.1080/02640410410001729991
http://www.ncbi.nlm.nih.gov/pubmed/15801499
http://doi.org/10.1519/R-20616.1

Appl. Sci. 2022,12, 11492 12 0f13

31.

32.

33.

34.
35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Esparza-Ros, F.; Vaquero-Cristobal, R.; Marfell-Jones, M. Protocolo Internacional para la Valoracion Antropométrica; UCAM Uni-
versidad Catdlica de Murcia, Ed.; Sociedad Internacional para el Avance de la Cineantropometria: Murcia, Spain, 2019;
ISBN 978-84-92986-17-0.

Alvero Crugz, ].R.; Cabanas, M.D.; Herrero-de-Lucas, A.; Martinez Riaza, L.; Moreno Pascual, C.; Porta Manzanillo, J.; Quintana,
M.; Sirvent Belando, J.E. Protocolo de Valoracién de La Composicion Corpora Para El Reconocimiento Médico-Deportivo.
Documento Del Consenso Del Grupo Espariol de Cineatropometria (GREC) de La Federacion Espariola de Medicina Del Deporte
(FEMEDE). Version 2010. Arch. Med. del Deport. 2010, 27, 330.

Lee, R.C.; Wang, Z.; Moonseong, H.; Ross, R.; Janssen, I.; Heymsfield, S.B. Total-Body Skeletal Muscle Mass: Development and
Cross-Validation of Anthropometric Prediction Models. Am. J. Clin. Nutr. 2000, 72, 796-803. [CrossRef]

Rocha, M. Peso Osseo Do Brasileiro de Ambos Os Sexos de 17 a 25 Afios. Arq. Anat. Antropol. 1975, 1, 445-451.

Carter, ]. The Heath-Carter Somatotype Method. In Anthropometrica: A Text Book of Body Measurement for Sports and Health Courses;
San Diego State University: Sidney, Australia, 1996.

Bangsbo, J.; laia, EM.; Krustrup, P. The Yo-Yo Intermittent Recovery Test. Sport. Med. 2008, 38, 37-51. [CrossRef] [PubMed]
Krustrup, P.; Mohr, M.; Amstrup, T.; Rysgaard, T.; Johansen, J.; Steensberg, A.; Pedersen, P.K.; Bangsbo, J. The Yo-Yo Intermittent
Recovery Test: Physiological Response, Reliability, and Validity. Med. Sci. Sports Exerc. 2003, 35, 697-705. [CrossRef] [PubMed]
Galy, O.; Zongo, P.; Chamari, K.; Chaouachi, A.; Michalak, E.; Dellal, A.; Castagna, C.; Hue, O. Anthropometric and Physiological
Characteristics of Melanesian Futsal Players: A First Approach to Talent Identification in Oceania. Biol. Sport 2015, 32, 135-141.
[CrossRef] [PubMed]

Pyne, D.B.; Saunders, P.U.; Montgomery, P.G.; Hewitt, A.J.; Sheehan, K. Relationships between Repeated Sprint Testing, Speed,
and Endurance. . Strength Cond. Res. 2008, 22, 1633-1637. [CrossRef]

Asencio-Vicedo, P.; Sabido-Solana, R.; Garcia -Valverde, A.; Hernandez-Davo, J.L. Relacion Entre Distintos Test Con Sobrecarga
Excentrica y Test de Cambio de Direccion. Rev. Prep. Fis. Fiitbol. 2019, 1889, 5050.

Ruscello, B.; Castagna, C.; Carbonaro, R.; Gabrielli, P.R.; D’Ottavio, S. Fitness profiles of elite male Italian teams handball pla-yers.
J. Sports Med. Phys. Fitness. 2021, 61, 656-665. [CrossRef]

Martinez, M.A; Sanchez-Villegas, A.; Toledo, E.A.; Faulin, J. Bioestadistica Amigable, 3rd ed.; Elsevier: Barcelona, Spain, 2017.
Hrysomallis, C. Balance Ability and Athletic Performance. Sport. Med. 2011, 3, 221-232. [CrossRef]

Cherif, M.; Said, M.A.; Bannour, K.; Alhumaid, M.M.; Chaifa, M.B.; Khammassi, M.; Aouidet, A. Anthropometry, Body Composition,
and Athletic Performance in Specific Field Tests in Paralympic Athletes with Different Disabilities. Heliyon 2022, 8, €09023. [CrossRef]
Silva, M.R.G.; Paiva, T. Poor Precompetitive Sleep Habits, Nutrients’ Deficiencies, Inappropriate Body Composition and Athletic
Performance in Elite Gymnasts. Eur. J. Sport Sci. 2016, 16, 726-735. [CrossRef]

Withers, R.; Craig, N.; Bourdon, P.; Norton, K. The Relative Body Fat and Anthropometric Predicition of Body Density of Male
Athletes. Eur. ]. Appl. Physiol. Occup. Physiol. 1987, 56, 191-200. [CrossRef]

Queiroga, M.R.; Ferreira, S.A.; Pereira, G.; Kokubun, E. Somatotipo Como Indicador de Desempenho Em Atletas de Futsal
Feminino. Rev. Bras. Cineantropometria Desempenho Hum. 2008, 10, 56-61. [CrossRef]

Castillo, M.; Sospedra, I.; Gonzélez-Rodriguez, E.; Hurtado-Sanchez, J.A.; Lozano-Casanova, M.; Jiménez-Alfageme, R.; Martinez-
Sanz, ].M. Body Composition and Determination of Somatotype of the Spanish Elite Female Futsal Players. Appl. Sci. 2022, 12, 5708.
[CrossRef]

Marques, P.A ; Voser, R.d.C.; Tartaruga, L.A.P. Perfil Antropométrico de Atletas Universitarias de Futsal Feminino Conforme a
Funcao Tatica. Rev. Bras. Nutr. Esportiva 2016, 10, 215-221.

Queiroga, M.; Moacir Mezalira, F.; de Souza, W.; Weber, V.; de Moura Carvalhaes, M.; Ferreira, S.; da Silva, D. Morphological
Profile of Athlete Starters and Nonstarters of Feminine Futsal. ]. Phys. Educ. 2018, 29, 9. [CrossRef]

Krustrup, P.; Mohr, M.; Ellingsgaard, H.; Bangsbo, J. Physical Demands during an Elite Female Soccer Game: Importance of
Training Status. Med. Sci. Sports Exerc. 2005, 37, 1242-1248. [CrossRef]

Martinez-Lagunas, V.; Hartmann, U. Validity of the Yo-Yo Intermittent Recovery Test Level 1 for Direct Measurement or Indirect
Estimation of Maximal Oxygen Uptake in Female Soccer Players. Int. ]. Sport. Physiol Perform. 2014, 5, 825-831. [CrossRef]
Barbero-Alvarez, ].C.; Subiela, ].V.; Granda-Vera, J.; Castagna, C.; Gémez, M.; Del Coso, J. Aerobic Fitness and Performance in
Elite Female Futsal Players. Biol. Sport 2015, 32, 339-344. [CrossRef]

Gorostiaga, E.M.; Llodio, I.; Ibanez, J.; Granados, C.; Navarro, I.; Ruesta, M.; Bonnabau, H.; Izquierdo, M. Differences in Physical
Fitness among Indoor and Outdoor Elite Male Soccer Players. Eur. J. Appl. Physiol. 2009, 106, 483—491. [CrossRef]

Cometti, G.; Maffiuletti, N.A.; Pousson, M.; Chatard, J.C.; Maffulli, N. Isokinetic Strength and Anaerobic Power of Elite, Subelite
and Amateur French Soccer Players. Int. ]. Sports Med. 2001, 22, 45-51. [CrossRef]

Alvarez Medina, J.; Manonelles, P.; Giménez Salillas, L.; Corona Virén, P. Training, Performance and Control of the Strength and
the Anaerobic Alactic Way in Indoor Soccer. Arch. Med. Dep. 2004, 21, 307-315.

Castafieda Babarro, A.; Viribay Morales, A.; Leén Guerefio, P.; Mielgo-Ayuso, ].; Urdampilleta, A.; Coca Nufiez, A. Anthropometric
Profile, Body Composition, and Somatotype in Stand-up Paddle (SUP) Boarding International Athletes: A Cross-Sectional Study.
Nutr. Hosp. 2020, 5, 958-963. [CrossRef] [PubMed]

Watts, A.S.; Coleman, I.; Nevill, A. The Changing Shape Characteristics Associated with Success in World-Class Sprinters. J.
Sports Sci. 2012, 11, 1085-1095. [CrossRef] [PubMed]


http://doi.org/10.1093/ajcn/72.3.796
http://doi.org/10.2165/00007256-200838010-00004
http://www.ncbi.nlm.nih.gov/pubmed/18081366
http://doi.org/10.1249/01.MSS.0000058441.94520.32
http://www.ncbi.nlm.nih.gov/pubmed/12673156
http://doi.org/10.5604/20831862.1140428
http://www.ncbi.nlm.nih.gov/pubmed/26060337
http://doi.org/10.1519/JSC.0b013e318181fe7a
http://doi.org/10.23736/S0022-4707.21.11850-X
http://doi.org/10.2165/11538560-000000000-00000
http://doi.org/10.1016/j.heliyon.2022.e09023
http://doi.org/10.1080/17461391.2015.1103316
http://doi.org/10.1007/BF00640643
http://doi.org/10.5007/1980-0037.2008v10n1p56
http://doi.org/10.3390/app12115708
http://doi.org/10.4025/jphyseduc.v29i1.2965
http://doi.org/10.1249/01.mss.0000170062.73981.94
http://doi.org/10.1123/ijspp.2013-0313
http://doi.org/10.5604/20831862.1189200
http://doi.org/10.1007/s00421-009-1040-7
http://doi.org/10.1055/s-2001-11331
http://doi.org/10.20960/nh.03021
http://www.ncbi.nlm.nih.gov/pubmed/32960636
http://doi.org/10.1080/02640414.2011.588957
http://www.ncbi.nlm.nih.gov/pubmed/21916672

Appl. Sci. 2022,12, 11492 13 0f 13

59.

60.

Barbieri, D.; Zaccagni, L.; Babi¢, V.; Rakovac, M.; Misigoj-Durakovi¢, M.; Gualdi-Russo, E. Body Composition and Size in Sprint
Athletes. J. Sports Med. Phys. Fit. 2017, 9, 1142-11146. [CrossRef] [PubMed]
Brocherie, E; Girard, O.; Forchino, F; Al Haddad, H.; Dos Santos, G.A.; Millet, G.P. Relationships between Anthropometric

Measures and Athletic Performance, with Special Reference to Repeated-Sprint Ability, in the Qatar National Soccer Team. .
Sports Sci. 2014, 32, 1243-1254. [CrossRef] [PubMed]


http://doi.org/10.23736/S0022-4707.17.06925-0
http://www.ncbi.nlm.nih.gov/pubmed/28085130
http://doi.org/10.1080/02640414.2013.862840
http://www.ncbi.nlm.nih.gov/pubmed/24742185

	Introduction 
	Materials and Methods 
	Subjects 
	Experimental Design 
	Instrumental Procedures 
	Anthropometric Measurements 
	Performance Testing 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

