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Simple Summary: In sports training, the physical profiles and performances between selected
and non-selected players are not identical. The players” specific characteristics, such as exercise
performance, locomotion profiles, and physical exertions during training sessions, can be used to
identify the successful achievement in sports. However, such information has not been revealed
in futsal. This study followed a prospective cohort design between 2018 and 2019. In our study,
under-20 male Taiwan national futsal players were assessed for their physical fitness in two separate
time periods. The perceived responses of physical exertion, exercise heart rate responses, and
locomotion profiles were recorded during each training camp. Quantitative data during eighteen
training camps/competition periods were collected for comparison. Our findings demonstrated
that the selected players had a superior performance in 15 m Sprint and 30 m Sprint, exercise HR
responses, and locomotor demands compared to the non-selected players. Coaches and their staff
could consider the information of the present study for identifying selected players.

Abstract: The aim of this study was two-fold: (i) analyze the variations in the physical fitness of
selected and non-selected under-20 male national futsal players; and (ii) analyze the variations in
training intensity monitored during training camps. Thirty-three Taiwan under-20 national futsal
players were monitored for training intensity during 18 training camps. They were divided into two
groups: selected (1 = 14) and non-selected (1 = 17) players. The physical assessments included the
following measures: body mass, distance covered at Yo-Yo intermittent recovery test Level 1, final
velocity at 30-15 Intermittent Fitness Test (30-15 IFT), standing long jump, maximum heart rate (HR),
and 1-min sit-up. The training intensity was monitored using the rate of perceived exertion (RPE),
HR at different intensity zones, and locomotor demands measured at different speed thresholds.
The results revealed that the selected players were significantly faster in the 15-m sprint with ball
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(p = 0.001) and 30-m sprint (p = 0.001). Additionally, the selected players presented significantly
greater HRaverage and time spent above 90% maximum HR during the three-to-six-day training
camps (p < 0.05) compared to the non-selected players. Interestingly, the NS demonstrated a greater
number of sprints during the training camps (p = 0.001), while the selected players presented
greater distance/minute and average speed (p = 0.001). A regression analysis showed that the
distance/minute and average speed was a significant predictor of maximum HR in the selected
players. As conclusions, the physical fitness outcomes are different between the selected and non-
selected national futsal players. The selected players spent more time in high intensity HR demands

in training sessions.

Keywords: indoor football; sports; fitness; athletic performance; physical demands

1. Introduction

Futsal is an invasion team sport in which the effort is intermittent, varying from
low-to-moderate locomotor demands to very-high to all-out actions [1]. The distances
covered during male futsal matches may vary between 3046 m in under-17 players [2] and
4300 [3] meters; from those, 571 [3] to 1105 [4] meters can be attained at high-intensity run-
ning, while sprinting may vary between 106 [4] and 348 [3] meters by professional players.
The intermittence on locomotor demands also demonstrates variations in physiological
responses. As an example, the oxygen uptake during the match can be, on average, around
48 mL/Kg/min, with a particular aspect that 46% of the playing time is spent above 80%
of the maximal oxygen uptake in professional players [5]. As an intermittent exercise, the
values of blood lactate in professional players can vary a great deal depending on the type
of analysis since some of the reports present average values between 4.2 and 4.8 mmol/L [6]
and others between 14.9 and 15 mmol/L [7]. As for heart rate responses, the values for the
average of a match can be around or above 85% maximal heart rate (HR) in professional
players [1].

Players must have specific physiological and neuromuscular adaptations to sustain
the efforts of the match. An adult male futsal player may present values of maximal oxygen
uptake between 49 [8] and 63 [9] mL/Kg/min, maximal heart rate between 184 [10] and
198 [11] beats per minute, and cover, on average, between 1160 [12] and 1507 [13] meters in
the Yo-Yo Intermittent Recovery Test level 1 (YYIRT). Regarding vertical jump ability, male
futsal players may present average values between 36.6 [14] and 50.4 [15] centimeters in
the countermovement jump. Considering fat mass, male futsal players may vary between
10 [16] and 15% [17,18].

Although the above-described are the typical values for male futsal players, the
competitive level can demonstrate differences in the physical fitness. In the case of aerobic
fitness, elite players seem to have significant greater maximal oxygen uptake than sub-elite
(62.9 vs. 55.2 mL/Kg/min, respectively) [9]. Moreover, significant differences were found
between elite and sub-elite considering the performance achieved in the Futsal Intermittent
Endurance Test (1378 vs. 1018 m, respectively) [19]. Considering body composition, elite
players seems to have greater lean mass in dominant and non-dominant legs than lower-
level players [20]. However, regarding fat mass, no significant differences seem to be found
between elite and non-elite, or professional and semi-professional players [20,21].

In the context of national teams, coaches are often exposed to selecting situations
in which the overall performance of a player may play a role in the ultimate decision
of keeping the player or exclusion from the final list of selected players. Comparisons
between selected and non-selected players have been performed in soccer, with the evidence
suggesting that the selected players tend to be taller [22] and present significantly greater
lean body mass [23], jumping performance [23], power [23], speed [22,23], and repeated
sprint ability [22]. Although an interesting topic, this evidence is absent in futsal as far as



Biology 2022, 11, 434

30f15

we know. Considering that selected players are possibly in better shape than non-selected
players, this could possibly translate to how they sustain efforts in training scenarios.

As an example, significant very large correlations were found between training in-
tensities and the physical fitness presented in the YYIRT, while large correlations were
found between training intensities and maximal oxygen uptake presented by high-level
futsal players [24]. Following this evidence, a study also revealed a significant correlation
between maximal oxygen uptake and overall training intensities accumulated over a period
of four weeks [25].

Since physical fitness can be different between selected and non-selected players and
considering that physical fitness seems to be related with the training intensities attained
by players, it is relevant to identify if there are differences between selected and NS players
in training demands occurring in training scenarios. Considering the absence of evidence
regarding this matter in the futsal, and especially in national teams, our aim for the current
study was two-fold: (i) analyze the variations in physical fitness and performance profiles
of the selected and non-selected in under-20 male national futsal players; and (ii) analyze
the variations in training intensity monitored during training camps. We hypothesized
better physical fitness and performances for the selected players than the non-selected.
Variations in the physical performance and locomotion profile with different training camp
durations were also expected.

2. Materials and Methods
2.1. Study Design

A cohort study design was followed.

2.2. Setting

Eighteen training camps (TC) of an under-20 male national futsal team were monitored
over the years 2018 and 2019 (Table 1). The HR responses, rate of perceived exertion (RPE),
and locomotor demands were monitored in all training sessions and matches occurring
during the TC. Physical fitness assessments occurred twice over the two years. The final se-
lection of players occurred at the end of the last TC in 2019. The physical fitness assessments
were reported to the head coach as reference of physical level of players. The monitoring
records in relation to training and match status were solely used by the sport trainers. The
selection was exclusively responsible from the staff team with no influence of researchers
that merely described those were selected and those not. Based on this final selection, those
not selected were classified as non-selected players retrospectively (across the 18 TC and
for the first round of assessment occurring in 2018), and the same for those selected.

2.3. Participants

Thirty-three Taiwan male futsal players were observed during the two-year period.
At the beginning of the study, the average of age was 17.9 & 0.8 years old, while, in the
end of the period, the average was 18.4 & 1.1 years old. Considering the last notification
of selection of players, fourteen players were included in the list of selected players and
the remaining seventeen were classified as non-selected. It is important to mention that,
over the TC, the selected players were more regular in participating in most than non-
selected. Eligibility criteria for being included in the current research were defined such
that (i) players must be part of at least one TC; (ii) players must have had at least one
physical fitness assessment during the observation period. Players were informed about
the study design and protocol, risks, and benefits. The research followed the ethical
standards for study in humans and was approved by a local ethical committee with the
code UT-IRB-2018-068.
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Table 1. Timeline of the study.
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F: final competition; IT: invitation tournament; OS: overseas training camp; Q: qualifier competition;
TC: training camp.

2.4. Physical Fitness Assessment Procedures

In the beginning of training session and after the initial warm-up, the physical fitness
assessment was conducted during the first day afternoon of domestic training camps in
2018-TC1 (7 October 2018) and 2019-TC1 (15 June 2019). The players travelled from the
home clubs/schools and arrived at the training center on the registration day of training
camps. The players were required to perform the physical fitness assessment after the
orientation of training camps delivered by the head coach. The players started with 10 min
self-selected warm up activities supervised with the team sport trainer. Afterwards, the
players were instructed to conduct anthropometry and body composition assessment,
followed by standing long jump, one-minute sit up, and YYIRT level 1 in 2018-TC1. The
testing protocol was set as following order in 2019-TC1: anthropometry and body com-
position assessment, Standing long jump (SLJ), Countermovement jump (CM]J), 15- and
30-m sprint (15 m Sprint and 30 m Sprint), 15 m sprint with ball (15 m SB), 1 min sit-up
(IMSU), and 30-15 intermittent fitness test (30-15 IFT). The resting interval between the
assessments was 5 min. The players were allowed to intake hydration throughout the
physical fitness assessments. All assessments were conducted in an indoor sports complex
hall with central-air condition.

2.4.1. Anthropometry and Body Composition

The anthropometric measures of height and body weight were determined by a
portable stadiometer (Seca 213, SECA, Hamburg, Germany) and a portable weight scale
(Xyfwt382, Teco, Taiwan), respectively. The team sports trainers used a skin folder (Lange
Skinfolder Caliper, Beta Technology, Cambridge, MD, USA) to quantify four locations of
skinfold thickness. Subsequently, the percentage of body fat was determined by using
Faulkner’s formula [26] as 5.783 + 0.153 X (the sum of triceps, subscapular, suprailiac,
abdominal skinfolds)/100.
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2.4.2. One-Minute Sit Up

The one-minute full sit-up test (IMSU) was implemented for assessing abdominal
strength and endurance [27]. The participants were instructed to lie on foam floor mats.
One teammate held the participant’s ankle joint to stabilize the lower limbs’ positions. The
participants were required to maintain knee position at 90 degrees with hands placed on
the ears. The participants started with lying position and sit up when their elbows touched
to the knees and then back to the starting position. The participants were encouraged to
engage the endurance performance as much as possible in one minute. The total number
of successful performances was recorded.

2.4.3. Standing Long Jump

The standing long jump (SLJ) was implemented to assess maximal jump performance
of the futsal players [27,28]. Participants positioned their feet immediately before the
starting line and were instructed to perform a fast downward movement followed by a
maximal effort horizontal jump. After landing (bilateral), the closer feet to the starting line
were registered to measure the distance of the jump. The measurement was taken from the
heel using a metric tape in centimeters. Participants performed a familiarization trial and
three assessments interspaced by 3 min rest. The longest jump (meters) was considered for
further data treatment.

2.4.4. The Yo-Yo Intermittent Recovery Test—Level 1

The YYIRT—level 1 was implemented to measure the aerobic fitness of participants.
We have followed the original protocol [29]. The test consists of to execute 2 x 20-m,
following a walking recovery of 10-s. The test starts with a pace of 10 km/h (imposed
by an audio beep), and progressively increases by 0.5 km/h until the player achieves the
exhaustion. Four bouts 2 x 20-m are performed at 10-13 km/h, seven bouts are performed
at 13.5-14 km/h, and, after that, eight bouts are performed for each stage [29]. The test
was conducted in an indoor futsal court. The end of the tests was considered every time a
player did not attain the pace or not reached the supposed line at the beep two consecutive
times. The total distance completed during the test was considered as the main outcome.

2.4.5. Countermovement Jump (CM]J)

The players performed the hands-on-waist CMJ [30] with feed shoulder-width apart
on flat flood. All players were given two preliminary trials for practice. Afterwards, the
players conducted 3 trials with 1 min resting interval. The height of CM] performance
was assessed by My jump 2 smartphone application [31]. The position of smartphone was
set at a 4 m distance with level of recording at 1 m height. The best result was used for
data analysis.

2.4.6. 15- and 30-Meters Sprint (15 m Sprint and 30 m Sprint)

The sprint performance at 15-m and 30-m was assessed to evaluate individual maximal
speed during linear sprint. An adhesive tape was marked 30 cm behind the starting line.
The players were asked to perform 30-m sprint from a split stance in 3 times. Resting
interval was set as 2 min. Two experienced assistant coaches used stop watches (Seiko,
5056, Tokyo, Japan) to record the sprint time at 15-m and 30-m positions once the players
crossed over the recording lines. The assistant coach recorded at 30-m position gave
instruction to the players to sprints. The best result was used for data analysis.

2.4.7. 15-Meters Sprint with Ball (15 m SB)

The testing preparation of 15 m SB is same as the 15 m Sprint and 30 m Sprint test.
The players were instructed to dribble the ball in a straight line at maximal speed level. All
the players performed 2 times with 2 min resting interval. The assistant coach recorded at
15-m position and gave instruction to the players to sprints. The best result was used for
data analysis.
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2.4.8. 30-15 Intermittent Fitness Test (30-15 IFT)

The 30-15 IFT was implemented with the adjusted version for indoor court [32]. The
tests consist of executing 30-s of running, interspaced by a 15-s period of recovery. The
test starts at a pace of 8§ km/h and increases 0.5 km/h at each new stage (30-s running).
An audio beep governs the pace of players. The test ends in the moment of the player’s
exhaustion or if the players are unable to reach the expected line at the time of the beep.
The main outcome extracted is the final velocity completed at 30-15 IFT.

2.5. Monitoring Procedures

To monitor the players” perceived and physical loads of training status, RPE, HR
responses, and locomotion profiles were recorded during the training sessions. The RPE
and HR recorded were used to quantify the internal load of training sessions, while the
locomotion profiles were used to evaluate the external load of training sessions.

2.5.1. Rate of Perceived Exertion

The CR-10 Borg’s scale was used to assess the player’s perception effort regarding
each training session [33]. The CR-10 Borg'’s scale consists in an ordinal scale in which 0
means nothing to all and 10 means very-very strong effort regarding the question “how
intense was this training session?”. The players were allowed to provide a score in entire
number or 0.5 (example: 5.5). The players were previously familiarized with the scale.
After that, after 20-30 min of end of training session, the scores were collected individually.
The score provided was the main outcome extracted. Moreover, the time of the session
(minutes) was registered and considered for the calculus of session-RPE (sRPE), which
represents the multiplication of time of the session by the RPE score provided [34]. The
sRPE measured in arbitrary units was also collected per player as main outcome.

2.5.2. Heart Rate Responses

The HR responses were collected using a heart rate sensor (Polar Team Pro GPS, Polar
Electro, Kempele, Finland). Records of HR beats were taken in each second. The maximal
HR (HRmax) was also considered by adding the peak HR detected during the YYIRT. This
was used to determine the heart rate zones and the time spent in each of them: (i) Zone 1 (Z1;
51-60%HRmax); (ii) Zone 2 (Z2; 61-70%HRmax); (iii) Zone 3 (Z3; 71-80%HRmax); (iv) Zone 4
(Z4; 81-90%HRnax); and (v) Zone 5 (Z5; 91-100%HRmax). The main outcomes extracted for
each training session were: (i) %HRaverage; (ii) %0HRmax; and (iii) time in HRZ5.

2.5.3. Locomotor Demands

The locomotor demands were monitored using a GPS with a sampling frequency of
10 Hz (Polar Team Pro GPS, Polar Electro, Kempele, Finland). The GPS was previously
confirmed for accuracy and reliability to collect measures of total distance covered and
distances covered at different speed thresholds [35]. The following measures were extracted
for each training session: (i) dist/min (average distance covered per minute); (ii) maximum
speed (MS) (peak speed registered in the session); (iii) Average speed (AS); (iv) Sprint
(number of sprints >25 km/h).

2.6. Statistical Procedures

The statistical analyses were carried out by using the software Statistica (version 13.1;
Statsoft, Inc., Tulsa, OK, USA). Descriptive statistics were represented as mean =+ SD. Tests
of normal distribution and homogeneity (Kolmogorov-Smirnov and Levene’s, respectively)
were conducted on all data before analysis. Paired sample t-test was used for determining
differences (selected vs non-selected players). Cohen d was the effect size indicator. To
interpret the magnitude of the effect size, we adopted the following criteria: d = 0.20,
small; 4 = 0.50, medium; and d = 0.80, large. A Pearson correlation coefficient r was
used to examine the relationship between values of physical fitness assessment [maximal
oxygen uptake (VO2max) and HRmax obtained in YYIRT1, 30-15 IFT, 1IMSU, SL], CM],
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15 m Sprint, 30 m Sprint, and 15 m SB and different performance variables recollected
in different training camps (sRPE), HR responses [(HRaverage (HRmax %), and HR time in
zone 5. HR (TZ5 HR)], and locomotor demands [Distance/minute (dis/min), MS, AS, and
Sprint number]. To interpret the magnitude of these correlations we adopted the following
criteria: r < 0.1, trivial; 0.1 < r < 0.3, small; 0.3 < r < 0.5, moderate; 0.5 < r < 0.7, large;
0.7 <r <0.9, very large; and r > 0.9, almost perfect. Posteriorly, Regression analysis was
used to identify which values of physical fitness can better explain the sRPE, heart rate
responses and locomotor demands. The magnitude of R2 was interpreted as follows: >0.02,
small; >0.13, medium; >0.23, large.

3. Results
3.1. Anthropometric Characteristics and Performance Variables

Descriptive statistics were calculated for each variable (Table 2). Paired measures -test
with anthropometric characteristics (age; height, weight, % F and % M) and performance
variables were collected (SRPE, HRaverage, TZ5. HR, dis/min, MS, AS, and S) in the different
TCs and calculated as a mean (TC. 2 days, TC 3 days, TC. 4 days, TC. 5 days, TC. 6 days,
TC. 7 days, TC. 9 days, and TC. 10 days) to observe the differences between the selected
and non-selected players (See Table 2 for more information).

Table 2. Anthropometric characteristics and performance variables (mean + SD).

Season 2018-2019 Season 2019-2020
Selected Non-Selected pld Selected Non-Selected pld
Anthropometric characteristics
Age (yrs) 18.07 £0.83 17.75 £ 0.87 p=0.391d=0.38 18.69 + 0.85 18.00 +£1.21 p=0.131d=0.66
Height (cm) 171 £8 173 +£6 p=0531d=-0.34 173 £ 6 174 £ 6 p=0941d=-0.11
Weight (kg) 65.98 +12.10 65.39 £ 6.40 p=0981d=0.06 66.95 + 11.24 64.28 £ 6.25 p=0.651d=0.29
% Fat 12.68 + 3.29 12.18 +2.58 =0.731d=0.17 12.38 +1.76 12.61 4 2.20 p=051ld=-0.12
% Muscle 44.11 £2.99 4444 £3.29 p=0.691d=-0.10 43.57 £ 1.66 42,95 £ 2.00 p=0.641d=034
Performance variables
1876.00 + _ -
YYIR1 (m) 1793.85 + 406.56 348.94 p=0731d=-022 - - -
30-15 IFT B _
(km/h) - - - 19.64 +1.48 20.00 £ 1.00 p=0261d=-0.29
VO2 _ _ - -
(mL;nlgx/mm) 51.47 +3.42 52.16 £2.93 p=0331d=-022 51.48 £+ 3.31 52.16 +2.31 p=0331d=—-024
1MSU (Total) 54.08 £ 6.02 53.80 & 8.95 =0.791d =0.04 58.56 &+ 5.15 55.90 & 4.95 p=0391d=053
SLJ (cm) 230+ 18 22949 p=0.801d=0.08 246 + 17 237 + 10 p=0281d=0.61
CMJ (cm) - - - 51.50 +£5.73 46.24 + 6.03 p=0.171d =0.89
15 m Sprint (s) - - - 2.83 +£0.11 2.94 £ 0.08 p=0.001*1d=-1.15
15 m SB (s) - - - 3.06 £ 0.12 3.15+0.15 p=0241d=-0.73
30 m Sprint (s) - - - 4.69 +0.15 4.80 +0.12 p=0.001*1d=—-0.81

Note: Yrs: years; YYIR1: Yo-Yo intermittent recovery test level 1; 30-15 IFT: final velocity at 30-15 intermittent
fitness test; VO2max: maximal oxygen uptake; SLJ: standing long jump; CMJ: countermovement jump; SB: sprint
with ball. ** denotes significance at p < 0.01.

3.2. Performance Variables and Locomotor Demands

Paired measures t-test with performance variables (sRPE, HRaverage, VO2max, HRmax,
and TZ5 HR), locomotor demands (dis/min, MS, AS, and sprint number) recollected in
different training camps (TC. 2 days; TC. 3 days; TC. 4 days, and TC. 5 days) were realized
to show the difference between selected and non-selected players (Table 3). Posteriorly, the
same analysis was performed but in this case with TC (TC. 6 days; TC. 7 days; TC. 8 days,
and TC. 9 days) (Table 4).
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Table 3. Performance variables (sRPE, HRaverage, VO2max, and TZ5 HR) and locomotor demands (dis/min, maximal speed, average speed, and sprint number)
recollected in different training camps (TC. 2 days, TC. 3 days, TC. 4 days, and TC. 5 days).

. TC.2 nayn TC. 3 n:}c TC. 4 nnyc TC.5 n:}a
Variables Selected Non-Selected pld Selected Non-Selected pld Selected Non-Selected pld Selected Non-Selected pld
RPE (AU) 1262.88 + 1195.00 + p=0121d= 72504 + 558.80 + p=0071d= 691.37 £ 767.59 + p=0161d= 714.93 + 776.54 + p=003%Id=
Performance s 376.59 311.13 0.19 353.61 268.91 0.53 348.70 317.08 ~0.23 408.99 397.95 ~0.15
H - — —_ — *% *%
variables HRuvernge (%) 67854759 6750778 P=OMId=" 7770960 es00+624  PTOSIA=  eon6uazr eszorsaz PO ggi7ivse eaoserz P00
TZ5HR (min)  1637+1221  2359+1650 P=O0820d= 1pozii3as msesissse PEOSIA= yzz6i1020  mazkiios PO qo0as945 06000805 P =000 I
Dist/min 764+597  4155+064  P=O83d= 4141160 4753686 PEOBIA= 400311179 zee7+£1502  P=O0381d= 35031877 379s+1083 P =021d=
Locomotor (m/min) ~0.92 ~0.64 0.26 0.01
—_ —_ —_ —_ *F
demands MS(km/h) 27594147 28014136 PO M= osoriaa7 2ezsr0sy PTOMII= aes0+218 27954zt PTOSCIAS amio71 2781446 P00
AS (m/s) 2.38 £ 0.36 258£015  P=O075Md= as14070 2944045  P=OMEM= oui0m 2226000  PEO0OLI 5544055 2354064 P=0121A=
Sprints (1) 1205709 23504071 PTOMA= gyraes  msorzzo PTO0BA S y3a1ia363 202041924 PO A= qi3040000 266642223 P=000LIA
Note: sRPE: session rate of perceived exertion; AU: arbitrary units; HR: heart rate; TZ5: time in zone 5. Dis: distance; MS: maximum speed; AS: average speed; n = number. * Denotes
significance at p < 0.05, and ** denotes significance at p < 0.01.
Table 4. Performance variables (sRPE, HRaverage, VO2max, and TZ5 HR) and locomotor demands (dis/min, maximal speed, average speed, and sprint number)
recollected in different training camps (TC. 6 days, TC. 7 days, TC. 9 days, and TC. 10 days).
. TC. 6 nnyn TC. 7 nn}c TC.9 nayc TC. 10 nn}c
Variables Selected Non-Selected pld Selected Non-Selected pld Selected Non-Selected pld Selected Non-Selected pld
RPE (AU) 650.67 + 787.69 + p=0361d= 965.73 + 943.59 & p=0751d= 57142 + 443,64 + p=0.003*1d 575.07 + 560.00 + p=0061d=
Performance s 334.06 334.49 ~0.41 427,09 413.77 0.05 373.82 31113 =042 288.02 177.77 0.06
. *% *3% —_ —_ —
variables HRuvernge (%) 68914765 6293649 P00l g9570 603 66991666 PTOWLTIE 70240555 oizssm PEOSNI= g391608 753320  PTOZNS
TZ5SHR (min) 122141047 073341037  P=000d 470709500 123941500 PEOOLIA= grag 0922 06230625 PTOLOII= 1aspi0044  2400+0823  POBLM=
Dist/min 45554 1207  mz1+1197  P=008ld=" 505719406 501641477  P=058Id= 4971000 587541136 P00 439011015 saz0477a  P=001Md=
Locomotor (m/min) 0.04 0.03 =084 2129
—_ * —_ *¥ —_ *ok —_ —_
demands MS(km/h) 27554340  2863+367 PTOGHINI= 7030037 agopiazs PEOOOLEM g7oii197 29904205 PEOOLTIag074066 s079x282  PEOS20AS
AS (m/s) 257 4074 2534072 PEOUZIA= 5074089 3054092 PEOSIA= 304057 353067 P00 H 614061 3304047  P=00LA=
Sprints (1 1130+ 848  3086+21.83 P=0001Id  »nggio071  77p42050 P=001"1d= " 45594734 304741525 P=00021d  yi90. 767 30134768 2 P=001%1d=
3 =-1.18 —0.22 =-1.83 —0.89

Note: sRPE: session rate of perceived exertion; AU: arbitrary units; HR: heart rate; TZ5: time in zone 5. Dis: distance; MS: maximum speed; AS: average speed; n = number. * Denotes
significance at p < 0.05, and ** denotes significance at p < 0.01.
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Complementarily, data from both seasons were used to calculate general TC data (TC
from two to ten days). Then, a paired measures t-test was used to compare selected and
non-selected players regarding performance variables and locomotor demands (Table 5).

Table 5. Performance variables (SRPE, HRaverage, VO2max, and TZ5 HR) and locomotor demands
(dis/min, MS, AS, and S) recollected in different training camps (TC. 2 days, TC. 3 days, TC. 4 days,
TC. 5 days, TC. 6 days, TC. 7 days, TC. 9 days, and TC. 10 days) recorded with overall data.

Variables Selected Non-Selected pld

sRPE (AU) 812.46 £+ 417.35 841.44 £ 399.72 p=0.005**1d = —0.07

Performance variables HRaverage (%) 69.21 +7.08 65.51 + 6.99 p =0.001 ** ld =0.53

TZ5 HR (min) 13.50 4+ 12.46 09.50 + 12.39 p=0.004**1d=0.31

Distance/min (m/min) 44.86 £+ 13.33 4475 £+ 14.20 p=0.001**1d=0.01
MS (km/h) 27.06 + 2.82 28.53 +4.33 p=0.001**1d =—-0.40

Locomotor demands AS (m/s) 2.73 4+ 0.79 2.72 4+ 0.86 p=0.001*1d=0.01
Sprints (1) 15.47 +15.29 28.01 + 21.65 p=0.001**1d=—0.67

Note: sRPE: session rate of perceived exertion; HR: heart rate; TZ5: time in zone 5. Dis: distance; # = number;
MS: maximum speed; AS: average speed. ** denotes significance at p < 0.01.

Posteriorly, a correlation analysis was performed between the performance variables
(sRPE, HRaverage, and TZ5 HR), locomotor demands (dis/min, MS, AS, and Sprint number),
and physical fitness assessment (YYIRT1, VO2max, HRmax, 30-15, IMSU, SLJ, CM], 15m
Sprint, 15 m SB, and 30 m Sprint) for the selected players (see Table 6).

Table 6. Correlation between performance variables, locomotor demands, and physical fitness
assessment for selected futsal players.

sRPE HRaverage HRmax TZ5. HR Dist/min MS AS Sprlnt
(AU) (%) (%) (min) (m/min) (km/h) (km/h) (n)
YYIRI (m) r —0.16 —0.27 —0.26 —-0.57 0.014 —0.15 0.01 0.43
p p=075  p=059  p=060 p=023  p=097  p=077  p=097  p=039
VO2max r —0.16 —0.27 —0.26 —-0.57 0.014 —0.15 0.018 0.43
Season  (mL/kg/min) p  p=075  p=059  p=060 p=023  p=097  p=077  p=097  p=039
2018-2019 1MSU (1) r —0.64 —0.67 —0.62 —0.91 —0.43 —0.51 —0.43 0.31
p p=016  p=014  p=018 p=001* p=038 p=030 p=038  p=054
SLJ (cm) r 0.53 0.36 0.37 0.30 0.25 0.26 0.25 —0.52
p p=027  p=048  p=045 p=055 p=062 p=061  p=062  p=028
CMJ (cm) r 0.69 0.46 0.45 0.44 0.35 0.32 0.35 —0.57
p p=012  p=035  p=036 p=037 p=049  p=053  p=049  p=023
15 m Sprint (s) r —0.49 —0.51 —-0.51 —0.78 —0.36 —0.36 —0.36 0.58
p p p=032  p=029 p=029  p=006 p=047  p=047  p=047  p=022
15m SB (s) r —0.18 —0.40 —0.47 -0.17 —0.59 —0.56 —0.58 —0.58
p p=071  p=042  p=034  p=073 p=021  p=024  p=021 p=022
Season . r —0.72 —0.56 —-0.59 —0.39 —0.70 —0.54 —0.70 0.14
20192020  0mSprint(s) o, ,_010  p=023  p=021 p=043 p=011 p=026 p=012  p=078
30-15 IFT r —0.57 —0.57 —0.54 —0.85 —-0.32 —-0.39 —0.32 0.53
(km/h) p p=023  p=023  p=026 p=003* p=053 p=043  p=053  p=027
VO2max r —0.58 —0.58 —0.55 —-0.82 —-0.32 —0.40 —-0.32 0.54
(mL/kg/min) 4 p=0.21 p=0.22 p=0.25 p=0.04% =0.52 p=042 p=10.52 p=0.26
1MSU (1) r —-0.21 —0.35 —-0.30 —0.68 —0.15 —0.23 —0.16 0.09
p p=068 p=048  p=056 p=013 p=076 p=064 p=076  p=085

Note: sRPE: session rate of perceived exertion; AU: arbitrary units; HR: heart rate; T5: time in zone 5.
Dis: distance; MS: maximum speed; AS: average speed; YYIR1: Yo-Yo intermittent recovery test level 1;
n =number; VO2nax: maximal oxygen uptake; SLJ: standing long jump; CM]J: countermovement jump; SB:
sprint with ball. * Denotes significance at p < 0.05.

Table 7 presents a multilinear regression analysis that was performed to verify which
physical fitness assessment (HRmax, 1 MSU, 30-15 IFT, and VO2nax) agreement with the
correlation analysis could be used to better explain the performance variables and locomotor
demands (Dist/min, AS, and TZ5 HR).
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Table 7. Values of regression analysis explaining physical fitness assessment on performance variables
and locomotor demands for selected futsal players.

Variables B SEof b R R? Adjusted R? F p
HRpax Dist/min —0.60 0.28 0.60 0.36 0.28 4.58 0.06
AS —0.59 0.28 0.59 0.35 0.27 4.42 0.06
1 MSU TZ5 HR —0.56 0.27 0.56 0.31 0.24 4.18 0.07
30-15 IFT TZ5 HR —0.47 0.35 0.47 0.22 0.09 1.73 0.23
VO2max TZ5 HR —043 0.37 0.43 0.18 0.05 1.38 0.28
Note: HR: heart rate; 30-15 IFT: final velocity at 30-15 intermittent fitness test; TZ5: time at zone 5; AS: average
speed; dist/min: distance/minute; IMSU: 1 min sit-up; VO2max: maximal oxygen uptake; *interaction.
At this point, the same correlation analysis was performed between performance
variables (sRPE, HRaverage, HRmax %, and TZ5 HR), locomotor demands (dis/min, MS,
AS, and Sprint), and physical fitness assessment (YYIRT1, VO2nax, 30-15 IFT, IMSU, SLJ,
CMJ, 15 m Sprint, 15 m SB, and 30 m Sprint) but, in this case, for the non-selected players
(See Table 8, for more information).
Table 8. Correlation between performance variables, locomotor demands, and physical fitness
assessment for non-selected futsal players.
. sRPE HRgverage HRmax TZ5. HR Dist/min MS AS Sprint
Variables (AU) (%) ) (min) (m/min)  (km/h) (km/h) )
YYIR1 (m) r —0.13 —0.19 —0.10 —0.10 —-0.27 —0.26 —0.26 —0.58
14 p=0.72 p=0.61 p=0.78 p=0.78 p=0.48 p=0.48 p=0.48 p=0.10
VO2max r —0.36 —0.23 —0.20 —-0.37 —0.26 —0.27 —0.26 —0.10
Season (mL/kg/min)  p p=033  p=053  p=059 p=032 p=048  p=047  p=049  p=078
2018-2019 1MSU (n) r 0.23 0.20 0.25 —0.45 0.18 0.15 0.18 0.02
n p p =055 p =058 p =051 p=022 p=0.63 p=0.69 p=0.63 p =094
SLJ (cm) r 0.69 0.56 0.59 0.16 0.52 0.51 0.52 0.075
p  p=003* p=010  p=009 p=066 p=014  p=015 p=014  p=084
CMJ (cm) r 0.01 —-0.11 —0.14 —0.05 —0.20 —-0.13 —0.208 —0.21
cm P p =098 p=076 p=071 p =089 p =059 p=072 p =059 p =058
15 m Sprint (s) r —0.30 —0.32 —-0.31 —0.49 —0.26 —0.30 —0.268 —-0.09
P p p=042 p=039 p=041 p=017 =048 p=043 p=048 p=0.80
15m SB (s) r —047 —0.59 —0.53 —0.74 —0.48 —0.51 —0.48 —0.32
s p p=019  p=009 =013 p=002%* p=018 =0.15 =0.18 =0.39
Season . r —0.67 —0.74 —-0.73 —0.42 —0.72 —0.74 —0.73 —-0.57
20190020  0MSPrint(s) o, _go4r  p=002* p=002* p=025 p=002* p=002* p=002* =0.10
30-15 IFT r 0.19 0.34 0.35 —0.037 0.44 0.40 0.44 0.59
(km/h) p p=061  p=036 p=034 p=092  p=022  p=028  p=022  p=009
VO2max r 0.20 0.37 0.37 0.01 0.43 0.40 0.43 0.57
(mL/kg/min) 4 p=0.59 p=10.32 p=0.31 p=0.98 p=023 p=0.28 p=023 p=0.10
1MSU (1) r 0.12 0.13 0.15 —0.46 0.14 0.11 0.14 0.19
p p=075 p=072 p=0.69 p=0.20 p=0.70 p=076 p=071 p=061

Note: sRPE: session rate of perceived exertion; AU: arbitrary units; HR: heart rate; T5: time in zone 5. Dis: distance;
MS: maximum speed; IMSU: 1 min sit-up; AS: average speed; YYIR1: Yo-Yo intermittent recovery test level 1;
n = number; VO2nax: maximal oxygen uptake; SLJ: standing long jump; CM]J: countermovement jump; SB: sprint
with ball. * Denotes significance at p < 0.05.

Lastly, a new multilinear regression analysis was presented in Table 9 to verify which
physical fitness assessment (SLJ, 15 m SB, and 30 m Sprint) agreement with the correlation
analysis could be used to better explain the performance variables and locomotor demands
(sRPE, HRaverage, Dist /min, AS, and TZ5 HR).
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Table 9. Values of regression analysis explaining physical fitness assessment on performance variables
and locomotor demands for non-selected futsal players.

Variables b SE of b R R? Adjusted R? F p
SLJ sRPE 0.69 0.27 0.69 0.48 0.41 6.64 0.03 *
15m SB TZ5 HR —0.74 0.25 0.74 0.56 0.49 8.96 0.02*
30 m Sprint sRPE —0.67 0.27 0.67 0.46 0.38 5.98 0.04 *
HRaverage —0.74 0.25 0.74 0.55 0.48 8.65 0.02*
Dist/min -0.73 0.25 0.73 0.53 0.46 7.98 0.02*
MS —0.74 0.25 0.74 0.55 0.48 8.60 0.02*
AS —0.74 0.25 0.74 0.55 0.48 8.60 0.02 *

Note: SLJ: standing long jump; sRPE: session rate of perceived exertion; HR: heart rate; Dist/min: distance/minute;
MS: maximum speed; AS: average speed; 15 m SB: 15-m sprint with ball; TZ5: time at zone 5. * Denotes significance
atp <0.05.

4. Discussion

The present study aimed to analyze the variations in the physical fitness of the selected
and non-selected under-20 male national futsal players and the variations in training
intensity monitored in the training camps. The main findings showed differences in the
performance variables, namely 15 m Sprint and 30 m Sprint, where lower values were
found for the selected, which means better performances for the selected than non-selected.
Considering all the tests included for analysis, the data from the present study seem to
support that the ability to perform linear sprints of 15 and 30 m is the most important when
selecting players. In fact, sprints of 15 m Sprint [22] and 30 m Sprint [23] were previously
reported as determinant to select under-17 soccer players. Additionally, a recent systematic
review has shown that elite futsal players cover greater total distance with higher intensities
and perform a greater number of sprints during match-play when compared to sub-elite
players [1], which reinforces our findings. However, a study conducted in female elite
and sub-elite futsal players presented contrary results by showing no differences between
groups [36], which suggests that more studies are required to confirm the present results.

Hence, the findings of our study suggest that better 30 m sprint may contribute to an
advantage for selected players in order to apply their technical skills and motor abilities for
better ball manipulation and possession [36].

Furthermore, when analyzing the different TCs, there were more differences between
the selected versus non-selected players. In general, higher values were found for the
selected with the exceptions of sprint (TC, 3-10 days) and maximum speed (TC, 5-9 days),
dist/min (TC, 9 and 10 days), and average speed (TC, 9 days). The exceptions could be
explained by some specific exercises/tasks performed in TC and the previous knowledge
about those specific exercises/tasks that were not considered for this study, but it could
explain the results as previously reported [37]. We speculate that the selected players could
better manage their effort while avoiding sprints during TC compared to the non-selected
players. Even so, the overall results tended to show better performance and locomotor
demands for the selected than non-selected players, which is supported by previous studies
that showed similar results for selected soccer players [22,23] when compared to non-
selected, or top-level players [9,19] when compared with lower levels.

Moreover, when analyzing all the TCs together, all the performance and locomotor
demands were significant different. Generally, the selected players showed lower sRPE
and higher HR,yerage and duration and TZ5 HR. Regarding the locomotor demands, the
selected players showed higher distance/min, average speed, but lower maximum speed
and number of sprints.

The results are partially supported by a previous systematic review that showed that
elite futsal players covered greater total distance with higher intensities and performed a
greater number of sprints during match-play when compared to sub-elite players [1]. We
believe that the data from under-20 players and from TC would reveal such similarities as
in the present study, but more research is needed to confirm the results.
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Meanwhile, the sRPE showed an opposite result with lower values for the selected
players. There are some justifications for this finding. First, some studies mentioned that
RPE may be a physiological and volatile construct because it can dissociate the physiological
process from the psychological mechanisms and, consequently, could not provide all the
sensations of the effort experience [38]. Second, the RPE was collected 30 min after each
session, which does reveal the variations within sessions [39]. Third, there is a possibility
that the selected players, due to the higher training adaptations, may interpret lower RPE
values when compared to the non-selected players.

To the best knowledge of the authors, this seems to be the first study to include
an analysis based on different TC periods, which seems to provide greater knowledge
for coaches and their staff. However, it is important to acknowledge how to conduct
the statistical analysis. As observed in the present study, different approaches provided
different results and, for this reason, we suggest that future studies could replicate such a
design to amplify the knowledge in this field and, at the same time, to provide relevant
information for coaches.

Additionally, the correlation analyses for the selected players showed associations
between TZ5 HR with 1IM.SU, 30-15 IFT, and VO2nax. Thus, a regression analysis was
conducted in an attempt to explain which variable could influence the performance and
locomotor demands more, but it fails to explain any result. Therefore, future studies could
use other variables for the analysis. On the other hand, the correlation analyses for the non-
selected players showed several associations (see Table 8), and, thus, another regression
analysis was conducted. It showed relevant results for coaches and their staff. The main
results showed that the 30 m S test could be explained by sRPE, HRaverage, HRmax, dist/min,
MS, and AS between 38 and 48%, while the 30 m Sprint was one of the main variables that
showed a significant difference between the groups analysed in this study, and it seems
that this test is representative of a maximal test and, consequently, presents several higher
values for physiological and locomotor demands, which was also shown by the 15 m SB
and could also be explained 49% by the TZ5 HR. The importance of agility while dibbling a
ball is extremely important not only to better manipulate the ball but also for possession
and better changes in direction [40].

An interesting finding was that this regression only explained the results for the non-
selected players, which suggests the necessity of more studies to confirm the present results.

This study presents some limitations that should be stated. Firstly, the small sample
size does not allow the generalization of the results. Secondly, the selected players were
only defined in the end of the last TC, which may have influenced the results. Thirdly, in-
formation about the exercise/tasks performed during TC was not taken into consideration,
which may had provided more and specific knowledge. Fourthly, the players” physical and
locomotor performance during the TC was not reported to the coaching staff. The potential
bias for the final selection may be limited by the optimal physical performance reported
in the physical fitness assessments. Fifthly, the number of training days and called-up
players varied from TC to TC due to logistics issues from the federation, players selection
by coaching staff, and conflicts regarding the home team’s schedule. Finally, not all the
tests were performed in the two assessments. Thus, we suggest that future studies could
be conducted avoiding such limitations. Additionally, they should replicate such a design
in other categories and women futsal players.

At last, there is a possibility that other variables, such as shooting, passing, dribbling,
ball control, and tactical skills, could be used to identify and distinguish selected from non-
selected players, as previously reported [19,22,23]. For that reason, we suggest that future
studies should considered performance, locomotor, and skill variables for comprehensive
analysis of selected and non-selected futsal players.

5. Conclusions

The selected players had superior performances in the 15 m Sprint and 30 m Sprint
compared to the non-selected players. Additionally, the selected players had optimal
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performance variables and locomotor demands compared to the non-selected players.
Moreover, it was not feasible to establish a relationship between the physical fitness tests
and performance variables/locomotor demands for the selected players, while it was
possible to observe several associations between the physical fitness tests (SLJ, 15 m SB, and
30 m Sprint) and performance variables/locomotor demands for the non-selected players.
Coaches and their staff could consider the information of the present study for identifying
selected players. Meanwhile, data from this study would help coaches and their staff to
improve physical fitness tests for non-selected players.
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