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Section III — Sports and Physical Activity

Effects of Different Post Warm-Up Strategies
for Non-Starter Players in Futsal

by
Nuno Silva *, Bruno Travassos >3, Bruno Goncalves 34°, Fabio Yuzo Nakamura ',
Eduardo Abade 3°7

Futsal warm-ups are crucial pre-match routines designed to enhance players’ readiness. However, non-starter
players inevitably face longer periods of inactivity. This study aimed to investigate the effects of various post warm-up
strategies on physical performance of non-starter players in futsal. Thirteen highly trained male futsal players participated
in this study during the in-season period. All players performed three distinct post warm-up strategies over consecutive
days: REST, dynamic stretching (DYS), and a combination of plyometrics with change of direction drills (PLY-COD).
After performing a standard warm-up, players remained inactive for 10 min, mirroring the traditional time window
leading up to the start of the match. Subsequently, post warm-up strategies were implemented. Testing included a
countermovement-jump, a reactive strength index, 5- and 10-m sprints, and a 505 COD test. Players were tested 10 min
after the conclusion of the warm-up and immediately after the post warm-up strategy. The PLY-COD strategy yielded
positive effects across all variables. Running performance improved with small to moderate effect in both sprint (2.2 +
1.9%), (-1.6 +1.7%), and COD (-2.9 +3.5%) tests. Conversely, both DYS and REST strategies had a detrimental impact
on running and jumping performances, with this impairment being more pronounced in running following REST
strategy, particularly in the 10-m linear sprint (1.4 + 1.7%). These results suggest that remaining inactive or exerting
limited effort after a warm-up may be detrimental to physical performance of futsal non-starter players. On the other
hand, PLY-COD drills could be effective strategies to maintain or even enhance physical performance following the warm-

up.
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Introduction

Futsal is a team sport played in a 5-a-side
format on a 40 m x 20 m court, in which coaches
can make unlimited substitutions during an official
match. Regular substitutions are a key factor in
enabling players to maintain high-intensity actions
throughout the match and are particularly
important in ensuring players are at their best

when entering the match (Ribeiro et al., 2023).
Given that only five players start the match and
non-starter players remain inactive until their
participation, and considering that a general
decrease in players’ readiness to perform could
occur during this time (Crowther et al, 2017;
Galazoulas et al., 2012), there is a need to
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2 Effects of different post warm-up strategies for non-starter players in futsal

implement both passive and active post-warm-up
strategies. Therefore, a deeper understanding of
the impact of passive and active post-warm-up
strategies in futsal is required.

Passive strategies aim to maintain muscle
temperature during the post-warm-up period,
delaying the negative effects of passive rest
(McGowan et al.,, 2015), while active strategies
could encompass a range of activities such as
stretching, running, jumping, cycling exercises or
performing high-intensity actions like resistance
exercises (McGowan et al., 2015). Some research
also suggests the use of combined passive and
active post-warm-up strategies to maximize
players’ readiness (West et al., 2016) and several
strategies can be considered by coaches, although
stretching exercises combined with changes of
direction or plyometric exercises had been
considered to be most suitable as post-warm-up
strategies (Abade et al, 2017) due to their
simplicity and potential to increase players’
readiness. However, consensus is still lacking
regarding the best post-warm-up strategies to
maintain players’ readiness to perform in futsal.

While the importance of post warm-up
(WU) strategies is widely recognized and
supported by research (Silva et al., 2018), questions
remain about the most suitable activities and
structure of the post WU. When designing a post
WU, professionals should consider the official
rules of competition and the specific dynamics of
the sport. For instance, in futsal, it is crucial to
understand that there is limited space for players
to perform a post WU, and only five players are
permitted to do so at the same time. These
constraints align with the interchange dynamics of
rotation in an elite futsal match, taking into
consideration each coach’s strategy (Ribeiro et al.,
2024). However, it is evident that a regular pace of
substitutions helps maintain a high intensity in
players” performance throughout the match (Dos-
Santos et al., 2020; Ribeiro et al., 2022). Therefore,
there is a need to test and explore the best strategies
that enable players to enhance their readiness to
perform when entering the match. This study
aimed to investigate the effects of different post
WU strategies (rest, dynamic movements, and a
combination of plyometric and change of direction
(COD) movements) on the readiness of non-starter
players in futsal. It was hypothesized that a post
WU strategy combining plyometric and COD
exercises could improve the readiness of non-
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starter players in futsal.

Methods

Participants

Thirteen highly trained (McKay et al,
2022) male futsal players (22.5 + 5.6 years, 1.82
0.08 m, 76.1 = 54 kg) from a Portuguese first
division futsal team participated in this study. The
study was conducted during the in-season period,
with a weekly schedule of five on-court training
sessions (approximately 90 min each in the
evening) and an official match on the weekend.
Goalkeepers were excluded from the study due to
the unique rotational dynamics of goalkeeping in a
futsal match. All players were informed about the
study design, requirements, and procedures, and
their consent was obtained. Players were invited to
participate in the study 15 days before its
commencement and were free to withdraw at any
time. The investigation was approved by the Ethics
and Scientific Committee of the University of Beira
Interior (approval code: CE-UBI-Pj-2020-043;
approval date: 19 May 2020) and adhered to the
1964 Helsinki declaration.

Measures

Assessments were conducted at the same
time of day (8 pm) in an indoor facility with an
official match surface and similar environmental
conditions (22°-23° Celsius). Pre-test measures
were recorded 10 min after the end of the standard
warm-up (WU) (Figure 1). Post-testing occurred
immediately after the end of the post WU protocol.
Given that futsal requires players to perform
repeated short-term high-intensity actions such as
jumping, sprinting, and changes of direction
(Spyrou et al, 2020), testing included a
countermovement jump (CM]J), a reactive strength
index (RSI), linear sprints (of 5 m and 10 m) and a
change of direction speed test (505).

The CM]J test and a depth jump for the RSI
calculation were performed using an Optojump
device (Microgate, Italy). The CM] was performed
according to previous guidelines (Abade et al.,
2017). Participants were asked to stand upright
with their hands on their hips. When ready, the
athlete squatted down until their knees were bent
at 90 degrees, then immediately jumped vertically
as high as possible, while keeping their hands on
their hips. To evaluate the RSI, players were asked
to perform a depth jump from a 20-cm box and
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instructed to jump as high as possible with
minimal ground contact time. The RSI was
calculated using the following formula: RSI=Jump
Height / Ground Contact Time. This test evaluates
the ability of players to rapidly transition from an
eccentric motion to a concentric contraction, an
ability that appears to be associated with maximal
horizontal deceleration ability (Jarvis et al., 2022).
Participants performed two maximal attempts for
each jump with a 30-s rest interval in between. The
best trial was recorded for subsequent analysis.

Linear sprint (5-m and 10-m) and 505 tests
were evaluated in a single all-out trial. For this
purpose, three infrared timing gates (Witty,
Microgate, Italy) were placed at a starting line, and
at the 5% and the 10 m. For the 505 test,
participants began 0.5 m behind the starting line
and were asked to run 15 m before performing a
180° change of direction (marked by a turning
point) with the dominant leg. The time was
recorded from when the player first crossed the 5-
m marker and stopped when the player crossed the
same marker again (5 m up and back, for a total of
10 m). During the 505 test, linear 5-m and 10-m
split times were recorded. Two trials were allowed
with a 90-s rest interval between trials.

Sprint and 505 tests were performed 30 s
after the jumping tests and players were evaluated
in sequential order to ensure equal time of recovery
for all participants.

Design and Procedures

A repeated measures design was
employed to evaluate three post warm-up (WU)
strategies in a randomized sequence over three
consecutive days. All players participated in the
same protocol each day. For all protocols, the
intervention began with a specific futsal WU based
on an elite WU model (Silva et al., 2020). After the
WU, a 10-min passive rest was provided to mimic
a typical competitive pre-match scenario. Pre-
testing occurred immediately after the passive rest.
Subsequently, a 5-min window was used to
represent the rotational dynamics of an elite futsal
team (Ribeiro et al., 2022), consisting of a 2-min rest
and 3-min intervention. During the REST protocol,
players remained seated for 5 min. In the DYS
protocol, players were instructed to perform
various dynamic stretches of the lower limbs.
Finally, the PLY-COD strategy combined
plyometric exercises with a change of direction

(COD) drill. Post-testing was conducted
immediately after the end of the post WU protocol.
This timeline simulated a real-world scenario,
representing the passive rest time between the end
of the WU and the additional time a non-starter
player may wait before entering the match.

The three intervention protocols were
applied in a small area behind the bench in
accordance with futsal rules. The REST protocol
consisted of players remaining seated during the 5-
min intervention. In the DYS intervention, players
were instructed to perform three sets of five
repetitions of the following exercises: bilateral
squats, hip extension, hip flexion, hip adduction,
and hip abduction, sequentially with 30-s rest
intervals between sets. Each unilateral exercise was
performed with both legs. The PLY-COD protocol
consisted of three sets of the following drills: 2-m
distance low skipping, three bilateral jumps, and
acceleration with two COD turns of 45° (one for
each side) at maximum intensity. Players were
instructed to rest for 30 s between subsequent sets.

Statistical Analyses

An estimation technique approach was
applied to overcome the shortcomings associated
with traditional N-P null hypothesis significance
testing (Cumming, 2012; Ho et al, 2019).
Estimation plots for running performance, vertical
jump and 505 tests were used as descriptive
statistics according to the REST, DYS and PLY-
COD protocols. This graphical representation
shows the individual values for pre- and post-test
measures and the mean difference with 95% of
confidence intervals (CIs) (Cumming, 2012; Ho et
al., 2018). The day-to-day variability (within-
players) in pre-test performance was measured as
typical error and expressed as a coefficient of
variation, CV (%) (Hopkins, 2000). The % of
variation from pre- to post-test was computed for
all variables and used as a dependent variable to
determine which protocol(s) might favour
performance. Cohen’s dunbiased (dunb) with 95%ClI (an
unbiased estimate has a sampling distribution of
which the mean equals the population variable
being estimated) was applied to identify pairwise
differences among all previous comparisons
(Cumming, 2012). The pooled with-in groups SD
was used to calculate d. Thresholds for effect size
statistics were: 0.2, 0.5, and 0.8 for small, medium,
and large effect size, respectively (Cohen, 1988).
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Results

The summary of the descriptive and
inferential analysis is presented in Table 1.
Individual and differences of mean values from
pre- to post-test performance measures are shown
in Figures 2 and 3. The estimation plots present the
differences of means as a bootstrap 95% confidence
interval on separate but aligned axes. This
representation can be visualized for each variable
and protocol.

The inter-day (within-players) pre-test
players’ performance presented ~10% variation in
jumping tests (3.7 £ 2.6 in the CMJ and 16.4 +9.1 in
the RSI) and ~3% variation in running tests (3.3 +
2.1 in the 5-m, 2.8 + 1.7 in the 10-m and 3.0 = 2.1 in
the 505 test).

For the REST protocol, a general
decrement in players’ performance in all variables
was identified, with the exception of the 505 test,
from pre- to post-test. There was a 1.3 + 2.3%
increase in the 5-m linear sprint test, a 1.4 + 1.7%
increase in the 10-m linear sprint test (pre- to post-
test mean difference with 95% CI = 0.43 [0.08, 0.83];
with moderate ES), and an unclear pattern in
jumping testing from pre- to post-test in the 505
test with a decrease of 0.20 + 3.26%, a 0.95 = 5.7%
decrease in the CM] and a 6.35 + 27.8% increase in
the RSL

For the DYS protocol, there were trivial
decrements in players’ performance from pre- to
post-test in all variables, except for the CMJ. A
0.6+1.5% increase was observed in 5-m linear
sprint, a 0.3 + 1.5% increase in 10-m linear sprint
and a 0.5 £ 3.5% increase in 505 test times. As
aforementioned, the CM] decreased by 3.4 + 3.7%
from pre- to post-test (-0.23 [-0.43, —0.06], small
ES), while the RSI displayed a decrease of —0.5 +
18.5%.

The PLY-COD strategy showed positive
effects in the 5-m linear sprint (2.2 + 1.9% (-0.38
[-0.66, -0.15]; with small to moderate ES), the 10-m
linear sprint (-1.6 + 1.7% (-0.30 [-0.55, —0.08]; with
small ES) and the 505 test (2.9 + 3.5% (-0.40 [-0.77,
-0.07]; small to moderate ES). Regarding jumping
performance, unclear changes for both the CM]
and the RSI were noted.

Finally, Table 2 presents the descriptive
and inferential results for the % of change in the
mean from pre- to post-test comparisons. Figure 4
presents the Cohen’s dunbiased (dunb) with 95%
confidence intervals and can be used to depict
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which protocol favored performance in jumping
and running variables. Overall, and contrasting the
effects of each protocol, REST and DYS strategies
presented unclear differences between each other
for jumping and running tests, with trivial effects.
Comparing REST and PLY-COD protocols, linear
sprinting was favored by PLY-COD strategy with
large ES and a positive trend in the other variables.
In addition, when comparing DYS and PLY-COD
protocols, the latter presented better results with
large ES in all variables with the exception of the
RSL

Discussion

This study aimed to investigate the effects
of different post warm-up (WU) strategies on the
readiness of non-starter players in futsal. As
anticipated, the use of varied post WU strategies
may have different effects on the physical
readiness of non-starter futsal players when
entering the match. Remaining seated or
performing activities with limited effort, such as
dynamic stretching movements (DYS), after the
WU could have trivial or even detrimental effects
on physical performance of non-starter players. In
contrast, the use of short-term, more intense
activities such as plyometric and change of
direction (PLY-COD) drills may maintain or even
improve physical performance during the
transition period between the end of the WU and
the moment the player enters the match.
Importantly, players responded differently to the
same post WU strategy, highlighting the need to
select appropriate strategies according to each
player’s individual profile.

When analyzing futsal post WU practices
in a competitive scenario, professionals often
choose to have non-starter players engaged in
passive activities, such as seated rest, while waiting
to enter the match. The reasoning behind this
choice may be related to the lack of applied studies
supporting different strategies, as well as the
influence of certain empirical practices in team
sports competitive contexts. However, the results
of this study, in line with previous research in other
sports, clearly showed that keeping non-starter
players seated might be a questionable option, as it
was found that physical performance variables
decreased at the post-test moment, particularly the
linear running capacity. These data are consistent
with previous research that shows a trend of
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performance impairment in the minutes following
the end of the WU. This decrease becomes quite
evident shortly after the first 6-10 min, and
continues its downward trend over time (Crowther
et al.,, 2017; Galazoulas et al., 2012). Results can be
explained by the decline in muscular temperature,
which is essential for the execution of high-
intensity actions that characterize futsal, as well as

the return of the heart rate to baseline levels
(Alberti et al., 2014; Galazoulas et al., 2012;
McGowan et al., 2015). This means that this decline
in performance may occur not only with non-
starter players, but also with starter players if
coaches unbalance the work-rest ratio time of each
player over the match duration (Ribeiro et al.,
2022).

Table 1. Descriptive results (mean + SD) for each variable according to warm-up protocols
and inferential results for within comparison of the percentage variation from the pre- to post-
test moments.

REST
Variables e Pout Cohen's duwm
[95% CI]
5-m linear sprint, s 1.01+£0.03 1.02 +0.04 0.33 [-0.03, 0.72]
10-m linear sprint, s 1.72 £0.05 1.75+0.05 0.43 [0.08, 0.83]
505 test (505), s 2.40 £0.07 2.39+0.12 -0.04 [-0.51, 0.42]
Countermovement jump (CM]J), cm 38.58 £4.70 38.23£5.22 -0.07 [-0.30, 0.16]
RSI Index (RSI) 0.94 £0.27 0.84 £0.26 -0.34 [-0.90, 0.20]
DYS
5-m linear sprint, s 0.99 +0.05 1.00 +0.06 0.11 [-0.05, 0.27]
10-m linear sprint, s 1.71 £ 0.08 1.72 +0.09 0.05[-0.11, 0.21]
505 test (505), s 2.40+0.13 2.41+0.13 0.08 [-0.29, 0.45]
Countermovement jump (CM]), cm 39.27 £4.51 38.04£5.42 -0.23 [-0.43, -0.06]
RSI Index (RSI) 0.92 £0.32 0.90 £ 0.32 -0.05 [-0.34, 0.23]
PLY-COD
5-m linear sprint, s 1.00 = 0.06 0.98 +0.05 -0.38 [-0.66, -0.15]
10-m linear sprint, s 1.72 £0.09 1.69 + 0.09 -0.30 [-0.55, -0.08]
505 test (505), s 242 +0.14 2.35+0.18 -0.40 [-0.77, -0.07]
Countermovement jump (CM]), cm 39.91 £ 4.95 40.48 +5.47 0.10 [-0.07, 0.28]
RSI Index (RSI) 1.02+0.32 1.04+0.28 0.06 [-0.28, 0.41]

REST: Seated rest protocol; DYS: Dynamic stretching protocol; PLY-COD: Plyometric and change of
direction protocol; dunv: dunbiased; CI: confidence interval
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Table 2. Descriptive and inferential results for within comparison of the % variation from the pre- to post-
test protocols.

Cohen’s duns [95% CI]

Variabl REST DY PLY-COD

ariables S 5 co JREST ve. oDys  RESTVS.9PLY-  oDYSvs. oPLY-

: COD COD

5-m linear sprint, s 1.30+225 060+148  -220+1.85 -033[-1.08,0.39] -153[-2.58 -0.66] -1.51[-2.48,~0.72]
10-m linear sprint, s 135+ 1.68 025+146  -1.63+1.69 -0.63[-1.59,028] -1.59[-2.69,-0.67] -1.07 [-1.97,-0.30]
505 test (505), s -020+326 051350  -2.89+351  0.19[-049,0.89]  -0.71[-159,0.09]  -0.87 [-1.6,-0.24]
Countermovement 095567  -340+370  137+371 -0.46[-1.08,0.12]  0.44[-0.26,1.18] 1.16 [0.43, 2.01]
jump (CM]), cm
RSI Index (RSI) ~635+27.84 -047+1847 573+2406 022[-0.33,0.80]  042[-039,126]  0.26 [-0.46, 1.01]

OREST: % variation from the pre- to post-test in the seated rest protocol; +DYS: % variation from the pre- to post-test
in the dynamic stretching protocol; ~PLY-COD: % variation from the pre- to post-test in the plyometric and change of
direction protocol; dunv: dunvisset; CIL: confidence interval

Post Warm-up Strategy: 2 min of rest + 3 min of a warm-up protocol
Protocol 1: Seated Rest

Protocol 2: Dynamic Stretching (DYS)

Protocol 3: Combined plyometrics with change of direction drills (PLY-COD)

PRE-TEST | POST-TEST

\L Post Warm-up ‘L

Warm-up Passive Rest Strategy

0 10° 15’

Protocol timeline (min)

Figure 1. Schematic representation of the experimental design. Both pre-test (10 min after the
end of the warm-up) and post-test (immediately after the post warm-up strategy) evaluation
tests were included to assess differences in protocols.
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Figure 2. Paired data showing means and 95% confidence intervals of pre-test and post-test
measures for the 5-m linear sprint, the 10-m linear sprint and the 505 test according to each
protocol. The mean paired difference is shown with its 95% confidence interval against a
floating difference axis, of which zero is lined up with the pre-test mean. The paired data
are shown as small circles joined by lines. The differences are shown as triangles on the
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Figure 3. Paired data showing means and 95% confidence intervals of pre-test and post-test
measures for the countermovement jump and the reactive strength index according to each
protocol. The mean paired difference is shown with its 95% confidence interval against a
floating difference axis, of which zero is lined up with the pre-test mean. The paired data are
shown as small circles joined by lines. The differences are shown as triangles on the
difference axis.
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favours DYS favours PLY-COD
5-m sprint —
10-m sprint + ——
505 test T ——
CMJ] + ——
RSI + ——
. favours REST favours PLY-COD Thresholds for effect size
5-m sprint + — o
10-m sprint + —— [l
505 test + —— D small
CMJ + ——— |:| moderate
RSI + —— Dlarge
favours REST favours DYS
5-m sprint ——r—i
10-m sprint + —————t
505 test + ——t
CMJ + F——t—t
RSI + ——
08 0 o8

Cohen’s d ., (95% CI)

unl

Figure 4. Cohen’s dunbiased for within comparison of the % variation from the pre- to post-test
protocols. Error bars indicate uncertainty in true mean changes with 95% confidence

intervals.

Note: Since higher negative % of variation from the pre- to post-test in the 5-m sprint, the 10-m
sprint and the 505-time test is related with better performance, the corresponding outcomes were
changed from negative to positive, and vice-versa.

Different post warm-up (WU) strategies
can indeed have varying effects (Crowther et al.,
2017), and it is common to observe non-starter
players standing up and/or performing some
dynamic stretching movements while waiting to
enter the match. However, the execution of these
low-intensity dynamic activities seems to be
insufficient to prevent performance impairment
during the transition period between the end of the
WU and the moment they actually start to perform
in the game. The results of the present study
showed a trivial effect on most variables, with a
tendency towards a decrease in performance
which was more evident in the jumping variables.
Thus, it appears that dynamic stretching exercises
are likely insufficient to elevate players’ muscular
temperature to levels similar to those at the end of
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the WU. However, this hypothesis needs to be
tested in the future.

Previous research has revealed that
dynamic stretching shows superior acute effects
compared to static stretching (Zmijewski et al.,
2020), particularly on the range of motion and the
connection between the tendon and muscle which
is associated with stronger contractions promoted
by high intensity activities (Opplert & Babault,
2019), to improve players readiness to perform.
However, combination of dynamic stretching with
other exercises remains unclear due to divergent
results obtained (Blazevich et al., 2018; Moreno-
Perez et al., 2021; Yamaguchi et al., 2019), and the
possible potentiating effect for subsequent
activities continues to be debatable. This acute
potentiating effect is typically associated with
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more intense activities, attributed to the increased
potential for cross-bridge formation in the muscle
and the corresponding enzymatic activity (Opplert
and Babault, 2018).

After carefully examining the results and
strategies used, it seems possible to conclude that a
post WU involving short-term but intense actions
may be more beneficial for non-starter players in a
futsal match. In fact, the post WU strategy that
included plyometric and change of directions
exercises demonstrated potential for enhancing
players’ performance, particularly in running
variables, both linear and with changes of
direction. A positive trend was also observed in
jump variables, although with a lower effect size.

The literature shows that longitudinal
plyometric training programs may lead to benefits
in different physical capacities, such as jumping,
running and sprinting (Kons et al., 2023; Slimani et
al., 2016). In addition, positive acute effects of
combining plyometric and COD strategies have
been noted (Abade et al.,, 2017). In this regard,
plyometrics might improve the post WU due to the
involvement of the muscle’s stretch-shortening
cycle and its potential to improve the nerve reflexes
associated with higher motor unit recruitment
(Andrade et al, 2015). In addition to the
potentiation in the concentric phase, it is essential
to consider the eccentric force absorption phase, in
which there is a peak force associated with landing,
which is extremely demanding to the
neuromuscular system (Ebben et al., 2011). Thus, it
is accepted that plyometric exercises may increase
body and muscle temperature, concurrently with
enhancement of motor unit firing frequency and
synchronization, thus promoting short-term
performance improvement (Slimani et al., 2016).
As mentioned before, plyometric exercises involve
high eccentric impact and concentric propulsion.
Meanwhile, change-of-direction activities include
a deceleration, rapid stabilization, and a
propulsion phase. Therefore, there seems to be an
evident potentiation effect of performing
plyometrics on the force absorption and
propulsive abilities that will be decisive in the
braking, stabilization and acceleration phases of
change-of-direction movements (Dos'Santos et al.,
2017).

Even with the limited time and space
available for post WU interventions, it is crucial
that the motor pattern of the conditioning activities
closely resembles the most relevant actions in the
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game. Notably, movements in the plyometric and
change of direction (PLY-COD) strategy are
representative of actions directly linked to decisive
movements in the game, such as shooting,
changing direction, accelerating, and decelerating.
These movements, in addition to their physical
dimension, may also establish an adequate
“mindset” for competition. Previous research
highlights more evident optimization when there
is a connection between conditioning activities and
motor patterns used in the competitive play, as
opposed to, for example, cycling movements
(Cormier et al., 2022).

Furthermore,
variability in all strategies was observed (Figure 2).
Therefore, caution should be applied when
interpreting these results, and coaches should
consider this aspect to outline the best strategy for
each player and thus optimize the post WU
activities for non-starter players. Although the
limited number of participants in our study may be
perceived as a limitation, it is important to note
that this is reflective of the inherent constraints
encountered when collecting data in elite athletes’
populations, thus providing a  realistic
representation of the challenges faced in such
contexts. Further research is required to evaluate
the impact of such strategies as the match
progresses in duration and under repetitive
rotations.

significant individual

Conclusions

The use of different post WU strategies
promoted different effects in futsal players and
should be considered at the moment when non-
starter players approach to enter the match. Taking
into consideration the results of this study,
remaining seated may not be the most adequate
strategy to apply, as well as dynamic stretching
may need some high-intensity exercises to
complement in order to achieve a potentiation
effect. However, coaches may apply active post
WU strategies based on plyometric combined with
change of direction exercises. These activities can
be organized in small spaces and with limited
material, which makes them ideal to use in a futsal
competitive match context.

http://www.johk.pl




by Nuno Silva et al. 5

Author Contributions: Conceptualization: N.S., B.T., B.G., FE.Y.N. and E.A.; methodology: N.S,, B.T. and E.A,;
validation: N.S.,, B.T., B.G.,, E.Y.N. and E.A; data curation: N.S., B.G. and E.A.; writing —original draft
preparation: N.S,, B.T. and E.A ; writing—review & editing: N.S,, B.T., B.G., F.Y.N. and E.A. All authors have
read and agreed to the published version of the manuscript.

Funding Information: This work was funded by National Funds by FCT—Foundation for Science and
Technology under the following project UIDB/04045/2020 (https://doi.org/10.54499/UIDB/04045/2020).

Institutional Review Board Statement: The experimental procedures used in this study were in accordance
with the Declaration of Helsinki and were approved by the Ethics and Scientific Committee of the University
of Beira Interior (approval code: CE-UBI-Pj-2020-043; approval date: 19 May 2020).

Informed Consent: Informed consent was obtained from all participants included in the study.
Conflicts of Interest: The authors declare no conflict of interest.

Received: 20 February 2024

Accepted: 30 August 2024

References

Abade, E., Sampaio, J., Goncalves, B., Baptista, J., Alves, A., & Viana, ]. (2017). Effects of different re-warm up
activities in football players' performance. PLoS Opne, 12(6), e0180152.
https://doi.org/10.1371/journal.pone.0180152

Alberti, G., Annoni, M., Ongaro, L., Scurati, R., & Michielon, G. (2014). Athletic Performance Decreases in
Young Basketball Players after Sitting. International Journal of Sports Science & Coaching, 9(5), 975-984.
https://doi.org/10.1260/1747-9541.9.5.975

Andrade, D. C., Henriquez-Olguin, C., Beltran, A. R., Ramirez, M. A, Labarca, C., Cornejo, M., Alvarez, C., &
Ramirez-Campillo, R. (2015). Effects of general, specific and combined warm-up on explosive
muscular performance. Biology of Sport, 32(2), 123-128. https://doi.org/10.5604/20831862.1140426

Blazevich, A. ]., Gill, N. D., Kvorning, T., Kay, A. D., Goh, A. G,, Hilton, B., Drinkwater, E. J., & Behm, D. G.
(2018). No Effect of Muscle Stretching within a Full, Dynamic Warm-up on Athletic Performance.
Medicine & Science in Sports & Exercise, 50(6), 1258-1266.
https://doi.org/10.1249/MSS.0000000000001539

Bosco, C., Luhtanen, P., & Komi, P. V. (1983). A simple method for measurement of mechanical power in
jumping. European Journal of Applied Physiology Occupational Physiology, 50(2), 273-282.
http://www.ncbi.nlm.nih.gov/pubmed/6681758

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. L. Erlbaum Associates.
https://books.google.pt/books?id=TION2IRAO90C

Cormier, P., Freitas, T., Loturco, I, Turner, A., Virgile, A., Haff, G., Blazevich, A., Agar-Newman, D.,
Henneberry, M., Baker, D., McGuigan, M., Alcaraz, P., & Bishop, C. (2022). Within Session Exercise
Sequencing During Programming for Complex Training: Historical Perspectives, Terminology, and
Training Considerations. Sports Medicine, 50, 2371-2389. https://doi.org/10.1007/s40279-022-01715-x

Crowther, R. G,, Leicht, A. S., Pohlmann, ]J. M., & Shakespear-Druery, ]J. (2017). Influence of Rest on Players'
Performance and Physiological Responses during Basketball Play. Sports (Basel), 5(2), 27.
https://doi.org/10.3390/sports5020027

Cumming, G. (2012). Understanding the New Statistics: Effect Sizes, Confidence Intervals, and Meta-Analysis.
Routledge, Taylor & Francis Group. http://books.google.pt/books?id=AVBDYgEACAA]

Dos-Santos, J. W., da Silva, H. S., da Silva Junior, O. T., Barbieri, R. A., Penafiel, M. L., da Silva, R. N. B., Milioni,
F., Vieira, L. H. P., Coledam, D. H. C,, Santiago, P. R. P., & Papoti, M. (2020). Physiology Responses
and Players' Stay on the Court During a Futsal Match: A Case Study With Professional Players.
Frontiers in Psychology, 11, 620108. https://doi.org/10.3389/fpsyg.2020.620108

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



20 Effects of different post warm-up strategies for non-starter players in futsal

Dos'Santos, T., Thomas, C., Jones, P. A., & Comfort, P. (2017). Mechanical Determinants of Faster Change of
Direction Speed Performance in Male Athletes. Journal of Strength and Conditioning Research, 31(3), 696—
705. https://doi.org/10.1519/JSC.0000000000001535

Ebben, W. P., Fauth, M. L., Garceau, L. R., & Petushek, E. J. (2011). Kinetic quantification of plyometric exercise
intensity.  Journal = of  Strength  and  Conditioning  Research, = 25(12),  3288-3298.
https://doi.org/10.1519/JSC.0b013e31821656a3

Galazoulas, C., Tzimou, A., Karamousalidis, G., & Mougios, V. (2012). Gradual decline in performance and
changes in biochemical parameters of basketball players while resting after warm-up. European Journal
of Applied Physiology, 112(9), 3327-3334. https://doi.org/10.1007/s00421-012-2320-1

Ho, J., Tumkaya, T., Aryal, S., Choi, H., & Claridge-Chang, A. (2019). Moving beyond P values: data analysis
with estimation graphics. Nature Methods, 16(7), 565-566. https://doi.org/10.1038/s41592-019-0470-3

Hopkins, W. G. (2000). Measures of reliability in sports medicine and science. Sports Medicine, 30(1), 1-15.
doi.org/10.2165/00007256-200030010-00001

Jarvis, P, Turner, A., Read, P., & Bishop, C. (2022). Reactive Strength Index and its Associations with Measures
of Physical and Sports Performance: A Systematic Review with Meta-Analysis. Sports Medicine, 52(2),
301-330. https://doi.org/10.1007/s40279-021-01566-y

Kons, R. L., Orssatto, L. B. R., Ache-Dias, J., De Pauw, K., Meeusen, R., Trajano, G. S., Dal Pupo, J., & Detanico,
D. (2023). Effects of Plyometric Training on Physical Performance: An Umbrella Review. Sports
Medicine Open, 9(1), 4. https://doi.org/10.1186/s40798-022-00550-8

McGowan, C.]., Pyne, D. B., Thompson, K. G., & Rattray, B. (2015). Warm-Up Strategies for Sport and Exercise:
Mechanisms and Applications. Sports Medicine, 45(11), 1523-1546. https://doi.org/10.1007/s40279-015-
0376-x

McKay, A. K. A, Stellingwerff, T., Smith, E. S., Martin, D. T., Mujika, 1., Goosey-Tolfrey, V. L., Sheppard, J., &
Burke, L. M. (2022). Defining Training and Performance Caliber: A Participant Classification
Framework. International Journal of Sports Physiology and Performance, 17(2), 317-331.
https://doi.org/10.1123/ijspp.2021-0451

Moreno-Perez, V., Hernandez-Davo, J. L., Nakamura, F., Lopez-Samanes, A., Jimenez-Reyes, P., Fernandez-
Fernandez, J., & Behm, D. G. (2021). Post-activation performance enhancement of dynamic stretching
and heavy load warm-up strategies in elite tennis players. Journal of Back Musculoskeletal Rehabilitation,
34(3), 413-423. https://doi.org/10.3233/BMR-191710

Opplert, J., & Babault, N. (2018). Acute Effects of Dynamic Stretching on Muscle Flexibility and Performance:
An Analysis of the Current Literature. Sports Medicine, 48(2), 299-325. https://doi.org/10.1007/s40279-
017-0797-9

Opplert, J., & Babault, N. (2019). Acute Effects of Dynamic Stretching on Mechanical Properties Result From
both Muscle-Tendon Stretching and Muscle Warm-Up. Journal of Sports Science & Medicine, 18(2), 351—
358. https://www.ncbi.nlm.nih.gov/pubmed/31191106

Ribeiro, J., Yousefian, F., Illa, J., Couceiro, M., Sampaio, J., & Travassos, B. (2024). The Effects of Players’
Rotations on High-Intensity Activities in Professional Futsal Players. Journal of Human Kinetics, 90, 215-
226. https://doi.org/10.5114/jhk/169522

Ribeiro, J. N., Gongalves, B., Illa, J., Couceiro, M., Sampaio, J., & Travassos, B. (2023). Exploring the effects of
interchange rotations on high-intensity activities of elite futsal players. International Journal of Sports
Science & Coaching, 18(6), 2044-2050. https://doi.org/10.1177/17479541221119659

Silva, L. M., Neiva, H. P., Marques, M. C., Izquierdo, M., & Marinho, D. A. (2018). Effects of Warm-Up, Post-
Warm-Up, and Re-Warm-Up Strategies on Explosive Efforts in Team Sports: A Systematic Review.
Sports Medicine, 48(10), 2285-2299. https://doi.org/10.1007/s40279-018-0958-5

Silva, N., Travassos, B., Goncalves, B., Brito, J., & Abade, E. (2020). Pre-match Warm-Up Dynamics and
Workload in Elite Futsal. Frontiers in Psychology, 11, 584602. https://doi.org/10.3389/fpsyg.2020.584602

Slimani, M., Chamari, K., Miarka, B., Del Vecchio, F. B., & Cheour, F. (2016). Effects of Plyometric Training on
Physical Fitness in Team Sport Athletes: A Systematic Review. Journal of Human Kinetics, 53, 231-247.
https://doi.org/10.1515/hukin-2016-0026

Journal of Human Kinetics, volume 97, April 2025 http://www.johk.pl




by Nuno Silva et al. 21

Spyrou, K., Freitas, T. T., Marin-Cascales, E., & Alcaraz, P. E. (2020). Physical and Physiological Match-Play
Demands and Player Characteristics in Futsal: A Systematic Review. Frontiers in Psychology, 11, 569897.
https://doi.org/10.3389/fpsyg.2020.569897

Spyrou, K, Freitas, T. T., Marin-Cascales, E., Herrero-Carrasco, R., & Alcaraz, P. E. (2022). External match load
and the influence of contextual factors in elite futsal. Biology of Sport, 39(2), 349-354.
https://doi.org/10.5114/biolsport.2022.105332

West, D. J., Russell, M., Bracken, R. M., Cook, C.J., Giroud, T., & Kilduff, L. P. (2016). Post-warmup strategies
to maintain body temperature and physical performance in professional rugby union players. Journal
of Sports Science, 34(2), 110-115. https://doi.org/10.1080/02640414.2015.1040825

Yamaguchi, T., Takizawa, K., Shibata, K., Tomabechi, N., Samukawa, M., & Yamanaka, M. (2019). Effect of
General Warm-Up Plus Dynamic Stretching on Endurance Running Performance in Well-Trained
Male  Runners.  Research  Quaterly  for  Exercise  and  Sport,  90(4),  527-533.
https://doi.org/10.1080/02701367.2019.1630700

Zmijewski, P., Lipinska, P., Czajkowska, A., Mroz, A., Kapuscinski, P., & Mazurek, K. (2020). Acute Effects of
a Static Vs. a Dynamic Stretching Warm-up on Repeated-Sprint Performance in Female Handball
Players. Journal of Human Kinetics, 72, 161-172. https://doi.org/10.2478/hukin-2019-0043

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



