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Abstract

The study aimed to assess the immediate effects of re-warm-up
strategies using half-squats with elastic looped bands on the per-
formance of youth soccer players. A cross-over study design with
repeated measures was implemented in field youth male soccer
players (n = 20, age 15.7 + 0.8 years). Following the first 45-min
of match play, players were subjected to one of four re-warm-up
(Re-w) interventions of equal duration: no Re-w (PAS), half-
squat without elastic looped bands (SQ), half-squat with bands
placed on the thighs (SQT), and half-squat with bands placed on
the lower legs (SQL). These interventions were compared against
a control condition (CON). The Re-w protocols were initiated 10-
min after half-time, and players' performance was evaluated
through vertical and horizontal jump tests, 20-m linear sprint, and
T-agility test. Statistical analysis using ANOVA revealed that the
SQT and SQL interventions significantly improved (p < 0.001)
several performance metrics compared to the PAS and SQ condi-
tions. These improvements were observed in squat jumps, unilat-
eral squat jumps (both dominant and non-dominant legs), coun-
termovement jumps, horizontal jumps, triple horizontal jumps,
the 20-m linear sprint, and T-agility performance. In conclusion,
SQT and SQL are equally effective to enhance performance as
Re-w strategies after the 1%-half of a soccer match. However, the
lack of physiological data and 2"-half assessments suggests the
need for further research to confirm the persistence of these ef-
fects.

Key words: Human physical conditioning, athletic performance,
warm-up exercise.

Introduction

Soccer is played over two consecutive periods separated by
a 15-min half-time recovery break (Yanaoka et al., 2018).
Traditionally, the recovery period involves passive rest, al-
lowing replenishing of energy stores, hydration, and pla-
nification of the game strategy for the 2"%-half of the match
(Russell et al., 2015b). However, passive recovery often
leads to a significant drop in body temperature, which im-
pairs neuromuscular function and decreases performance
in high-intensity actions such as sprinting and jumping
(Gonzalez et al., 2023). This cooling effect slows reaction
times and reduces muscle power, ultimately contributing to
a decline in game-specific sharpness that adversely impacts

decision-making and reaction efficiency (Edholm et al.,
2014). Such effects can drastically affect performance dur-
ing the first 15-min of the 2"%-half, a period in which play-
ers experience the highest frequency of maximum speed
actions, regardless of their position (Oliva-Lozano et al.,
2022). Consequently, the drop in body temperature not
only compromises performance but also heightens the risk
of injuries during this critical phase of the game, which de-
mands significant locomotor effort (Mohr et al., 2004). To
mitigate these negative effects, incorporating reactivation
exercises during the 15-min half-time break could be ben-
eficial (Towlson et al., 2013). However, despite clear evi-
dence of their effectiveness in counteracting performance
decline and reducing injury risk, these exercises are rarely
utilized in practice, representing a missed opportunity to
enhance both player safety and performance (Gonzalez et
al., 2023).

The incorporation of reactivation exercises during
the half-time recovery break, commonly known as re-
warm-up (Re-w), plays a crucial role in facilitating the
transition from rest to activity, effectively preparing play-
ers for the physical demands of the 2nd-half (Lovell et al.,
2007). Various methods have been effectively employed,
including low-intensity exercises (i.e., <70% of maximum
heart rate) (Mohr et al., 2004). For example, a study by
Ltifi et al. (2023a) demonstrated that a brief 3-minute Re-
w using weighted vests at 5% and 10% of body mass sig-
nificantly improved 20-m sprint performance in U15 elite
soccer players, highlighting the effectiveness of shorter,
low-load (micro-dose) interventions. Similarly, Re-w in-
volving 7-min of low to moderate-intensity jogging and
light calisthenics enhanced sprint and jump performance
(Edholm et al., 2014). High-intensity Re-w (i.e., leg-press
at S5-repetition maximum) also improved flight-time to con-
traction-time ratio (9.4%), peak velocity (4%), mean veloc-
ity (3%), and acceleration (18%) in soccer players (Zois et
al., 2013). Abade et al. (2017) also noted that 6-min Re-w
protocols involving plyometrics and repeated changes of
direction (COD) improved jump and sprint performance.
Another study involving soccer players implemented a Re-
w focused on COD exercises, improving agility (T-agility
test) and kicking velocity (Matsentides et al., 2023).

However, there is no consensus regarding optimal
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Re-w (Gonzalez-Devesa et al., 2021; Hammami et al.,
2018; Miguel Silva et al., 2018). Some Re-w moderators’
variables (e.g., volume, intensity, type of exercise) may af-
fect subsequent performance (Abade et al., 2017). Addi-
tionally, the limited time available for the Re-w restricts
the type of activities that can be implemented (Towlson et
al., 2013). Therefore, simple reactivation exercises, such as
jogging and dynamic stretches, are desirable as they are fa-
miliar to the players, easy to organize, and induce favorable
physiological effects, such as increased body temperature
(Abade et al., 2017; Lovell et al., 2007). Also, using readily
available tools that can be easily transported across differ-
ent contexts allows for the application of micro-loads that
offer substantial benefits. For instance, the recent study by
Ltifi et al. (2023b) found that wear light-weighted wearable
resistance allowing the application of micro-loads of 0.1%,
0.2%, and 0.3% of body mass was more effective than a
control condition (i.e., without external load) for optimiz-
ing repeated change-of-direction performance. Similarly,
incorporating exercises using elastic looped bands (ELB)
can evoke favorable neuromuscular responses, enhancing
the overall effectiveness of these reactivation strategies
(Nickerson et al., 2018; Sanchez-Sanchez et al., 2024).

Indeed, the use of ELB during squats increased my-
oelectric activity (Martins et al., 2022), especially when
positioned distally compared to proximally along the leg
(i.e., thigh vs lower leg vs forefoot) (Foley et al., 2017).
The favorable neuromuscular responses induced by ELB
includes muscle groups such as the tensor fasciae latae,
gluteus maximus, gluteus medius, vastus medialis, vastus
lateralis, and biceps femoris (Foley et al., 2017). Moreover,
ELB can be equally effective as barbells in enhancing jump
power (Buttifant and Hrysomallis, 2015).

Nonetheless, there is a scarcity of research focusing
on the applicability of ELB within the context of soccer,
particularly in competitive situations. This limitation can
be attributed to a historical emphasis on traditional strength
training methods in the literature, which has constrained
the exploration of ELB and their specific advantages for
soccer-related movements, such as sprinting and COD. Ad-
ditionally, many existing studies have been conducted in
laboratory environments where indirect measures of per-
formance were assessed. This underscores the need for
more targeted research in this area, especially concerning
how ELB could enhance performance in essential actions
during matches (Silva et al., 2024).

Therefore, the aim of this study was to assess the
immediate effects of Re-w strategies using half-squats with
ELB positioned on the performance of youth soccer play-
ers. It was hypothesized that i) half-squats with ELB will
improve jump and sprint performance compared to half-
squats without ELB; ii) larger improvements are expected
after SQL compared to SQT.

Methods

Participants

A total of 20 field youth male soccer players (age 15.7 =
0.8 years, body mass 64.4 + 5.3 kg and height 165.7 £ 3.2
cm) participated in this study. Players had accumulated 8.5
+ 1.2 years of experience in competitive soccer and

belonged to Tier 3 (elite developmental level) (McKay et
al., 2022). These athletes regularly compete at the national
level, engage in structured and periodized training, and are
developing proficiency in key skills required for high-level
soccer performance, including biomechanics, ball skills,
and acquired decision-making components. Inclusion cri-
teria consisted in 1) free of injuries in the last 3-months; ii)
had regularly trained and competed in the past 6-months;
iii) had a minimum of 2-years of experience in structured
resistance training; iv) had at least 5-years of experience of
soccer experience; v) each player was required to partici-
pate in all four conditions. The field players were 8 defend-
ers, 4 central-midfielders, 4 wide-midfielders and 4 center-
forward. Their regular training schedule involved 3 train-
ing sessions plus a competitive match per week. Each train-
ing session lasted for 2-h, including a 45-min simulation
game every 48-h leading up to the competition. The meth-
ods and procedures used in this study were approved by the
institutional review board for use of human subjects (code:
Annex III, Act 13/2/2019), and respected the procedures
followed the Declaration of Helsinki. Prior to the begin-
ning, all subjects and their parents completed a health his-
tory questionary. A parent signed an informed consent
form, and each subject signed an informed assent after re-
ceiving a thorough explanation of the study’s protocol.

Experimental design

During 4 consecutive microcycles in the 2"%-half of the
competitive season, a crossover-controlled and random-
ized study was conducted. A microcycle, in this context,
consists of a training week in which the team trained on
Tuesday, Wednesday, and Friday, corresponding to match-
day +2, match-day -4, and match-day -2, respectively.
Players underwent 4 different Re-w interventions of iden-
tical duration, including no Re-w (PAS), half-squat without
ELB (SQ), SQT, and SQL. The strategies were imple-
mented across four simulated match scenarios, consistently
conducted on the same day of the week and under identical
conditions to ensure reproducibility. In these scenarios,
players from the same team were divided into 2 teams with
a 1-4-4-2 formation and were given the same technical-tac-
tical instructions for all halves. The effects of the different
Re-w strategies were assessed using vertical and horizontal
jumps, linear 20-m sprint, and T-agility tests. The compar-
ison was made against a controlled setting (CON) after 45-
min of match play (1%-half).

Procedures

To replicate realistic match day conditions, we theorized
that players would require approximately 10-min after con-
cluding the 1%-half to return from the locker rooms, receive
final coaching instructions, and return to the field to per-
form the Re-w before the start of the 2"-half (i.e., 15-min
after the end of the 1%"-half) of the soccer match. Each Re-
w intervention lasted for 5-min and was conducted 10-min
after the end of the 1%-half. Assessment sessions were per-
formed at the same time of the day (18:00 - 20:00 PM) on
artificial turf pitches, under similar environmental
conditions (temperature 18 - 24°C). All Re-w conditions
were randomly implemented during a 4-microcycle
experimental period with at least 72-h between intervene-
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tions (Figure 1). Players were required to complete 2 famil-
iarization sessions including the Re-w conditions as well as
vertical and horizontal jumps bilateral and unilateral, linear
and COD sprint time-trial were performed in that exact or-
der. Then, during the subsequent 4 assessment sessions,
players were divided into 2 teams, simulating a 45-min
match. The teams remained identical across all experi-
mental occasions, and were formed by the coach, aiming to
ensure that they were of similar technical-tactical level. Be-
fore the start of the 1%-half, players underwent their usual
pre-match warm-up, which consisted of 5-min of joint mo-
bility exercises and technical actions focusing on passing
and dribbling; 3-min of neuromuscular activity, targeting
the extensor and flexor muscles of the knee, as well as the
adductor and abductor muscles of the hip; 3-min of a tech-
nical drill involving short and long passes, as well as mod-
erate-intensity movements; 4-min of 4vs4 small-sided
games with 2 wildcard players, played on a 30x20-m pitch;
3 sprints covering distances of 10, 20, and 30-m, with 30-
sec of recovery between each sprint. Immediately after the
1*-half match ended, players underwent physical test as-
sessments randomly, being able to perform one of these
groups of tests in each session: bilateral squat jump (SJ),
unilateral with the dominant (SJd) and non-dominant
(SJnd) leg; bilateral countermovement jump (CMJ), unilat-
eral with the dominant (CMJd) and non-dominant (CMJnd)
leg; horizontal jump (HJ) and the 20-m linear sprint (S20);
triple horizontal jump (3HJ) and the sprint with COD
through the modified T-test (T). In all cases, the assessment
lasted approximately 1-min. After completing the assess-
ment, the players rested for 10-min, following the same re-
covery protocol used during official matches. Next, they
performed a randomly assigned Re-w protocol for 5-min.
Finally, 2-min after completing the Re-w interventions,
players began the physical tests: first, vertical jumps fol-
lowed by horizontal jumps, with S20 conducted 1-min later
and T performed 2-min after the linear sprint.

Measurements

Vertical and horizontal jumps test

Athletes completed the jump tests following previous sug-
gestions (Maulder and Cronin, 2005). In the unilateral

vertical jump tests, limb dominance was determined by
having the player kick a soccer ball with their preferred leg
(Ramirez-Campillo et al., 2018). The vertical jump tests
(i.e., SJ, SJd, SInd, CMJ, CMJd, and CMJnd) were as-
sessed using a contact mat (OptoGait v.1.12.17.0, Micro-
gate, Bolzano, Italy). Meanwhile, in the horizontal jump
tests (i.e., HJ and 3HJ), the maximum distance was meas-
ured using a measuring tape. This involved recording the
minimal distance between the starting point and the last
foot on the mat after the jump. In all jumps, the hands were
used freely and at the end of each jump attempt, athletes
maintained the landing position for a brief moment. The
intraclass correlation coefficient (ICC) for SJ, CMJ, HJ and
3HJ were 0.97, 0.98, 0.93 and 0.95 respectively (Markovic
et al., 2004).

20-m linear sprint test

To determine the maximal sprint time, athletes complete
S20. This assessment comprised single, maximum-effort
from a stationary position. Soccer players began the sprint
at their own discretion, placing their foots 0.5-m behind the
starting line. Performance in the 20-m linear sprint was
measured using a photocell system (Polifermo Light Ra-
dio, Microgate, Bolzano, Italy) with 0.03-sec standard er-
ror of measurement and ~2% CV (Haugen and Buchheit,
2016). The photocells were positioned 90-cm above the
ground (approximately at hip height). The ICC for S20 was
>0.88 (Turki-Belkhiria et al., 2014).

Change-of-direction sprint test

Following previous instructions (Sassi et al., 2009), soccer
players complete a T. Soccer players executed the test
following the same guidelines as the traditional version,
except for alterations in the total distance covered and in-
ter-cone distances. Timing for the test was conducted using
a photocell system (Polifermo Light Radio, Microgate,
Bolzano, Italy). The photocells were positioned 90-cm
above the ground (approximately at hip height), and partic-
ipants commenced each trial in a staggered stance with
their dominant leg forward. During the COD segment, par-
ticipants were required to pivot on their preferred leg.
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Figure 1. Temporal sequence of the Re-warm-up assessment effects. SJ = squat jump; SJd = squat jump with dominant leg; SInd=squat
jump with non-dominant leg; CMJ = countermovement jump; CMJd = countermovement jump with dominant leg; CMJInd = countermovement jump
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Consistency was maintained in the conditions for repeated
assessments. The primary outcome measure of the modi-
fied T-test was the time taken to complete the task, which
was recorded in sec. The ICC for T was 0.82 (Munro and
Herrington, 2011).

Re-warm-up protocols

Each Re-w lasted 5-min, following the 10-min standard re-
covery period used by players during the half-time period.
In PAS, players did not engage in any activity (i.e., passive
recovery). The Re-w interventions involved 2-min of hip
flexion and extension mobility drills, followed by 3-sets of
12-rep of half-squats with 30-sec of passive recovery be-
tween sets. While in SQ, the exercise was performed with
body weight, in SQT a body weight and ELB (Flexvit Mini
Prehab, red: int. 3/6) was used at thigh level, and in SQL at
the lower leg level (Flexvit Mini Prehab, red: int. 3/6).

Statistical analysis

Descriptive data are presented as mean + standard devia-
tion (SD). After verification for data normal distribution
via Kolmogorov-Smirnov, parametric statistical analyses
were completed. One-way repeated-measure ANOVA was
used to evaluate the effects of condition (SQT, SQL, SQ
and PAS) in vertical and horizontal jump and linear and
COD sprint. If a meaningful F value was found, the Bon-
ferroni post hoc correction was applied. Partial eta squared
(mp?) was used to estimate effect size for the analysis of var-
iance, while Cohen’s d was used to measure effect size in
pairwise comparisons. The n,*> were interpreted as small
(<0.06), moderate (0.06 - 0.13), and large (=0.14), while

Cohens’d were interpreted as trivial (<0.20), small (0.21 -
0.50), moderate (0.51 - 0.80), and large (>0.80) (Cohen,
2013). Statistical analysis was performed by SPSS soft-
ware version 25.0 (SPSS, Chicago, IL). Significance was
set at p <0.05.

Results

The effects of Re-w protocols on vertical jump are pre-
sented in Figure 2. Significant interactions were found for
all variables (SJ: F =41.2, p <0.001, n,?> = 0.587; SJd: F =
31.5,p <0.001, ny* = 0.520; SInd: F =15.7, p <0.001, n,?
=0.351; CMJ: F=59.2, p<0.001, n,> = 0.671; CMJd: F =
118.0, p <0.001, np? = 0.802; CMInd: F = 28.1, p <0.001,
np? = 0.492).

The results indicated that compared to CON, perfor-
mance in SJ significantly improved after SQL (p < 0.001,
d =7.70) and SQT (p < 0.001, d = 0.85). However, when
no re-warm-up exercises were performed (i.e., PAS), the
soccer players' performance in SJ significantly lower (p <
0.001, d = 0.73) compared to that shown at the end of the
1¥-half of the match (i.e., CON). On the other hand, SJ was
higher after SQL (p < 0.001, d = 2.00), SQT (p < 0.001,
d=1.82), and SQ (p <0.001, d = 0.80) than after PAS. It
was also found that after SQL and SQT, the SJ perfor-
mance was higher than after SQ (p < 0.001, d =1.20; p <
0.001, d = 0.96, respectively). Additionally, the analysis of
SJd showed that soccer players reached significantly
higher values after SQL and SQT than after SQ (p < 0.001,
d=1.50;p<0.001,d=0.88, respectively), PAS (p <0.001,
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Figure 2. Squat jump height (A), with dominant (B) and non-dominant leg (C), and countermovement jump height (D), with
dominant (E) and non-dominant leg (F) after re-warm-up and control protocols. SQL=re-warm-up with half-squat with elastic looped
band around the lower leg; SQT=re-warm-up with half-squat with elastic looped band around the thigh; SQ = re-warm-up with half-squat without elastic
looped band; PAS = no re-warm-up; CON = performance after 45-min of match play (1*-half). * Significant differences with CON (* p < 0.05 and **
p<0.001); # Significant differences with PAS (# p < 0.05 and ## p < 0.001); ” Significant differences with SQ (" p <0.001); $ Significant differences

with SQT ($$ p < 0.001).
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d=2.33;p <0.001, d = 1.66, respectively), and CON (p <
0.001,d =1.80; p <0.001, d = 1.20, respectively). Further-
more, SInd was significantly higher after SQL than after
SQT (p <0.001, d =0.64), SQ (p <0.001,d = 1.16), PAS
(p <0.001, d = 1.36), and CON (p < 0.001, d = 1.04). In
addition, SJnd was significantly higher after SQT (p <
0.001, d = 0.65) and SQ (p = 0.001, d = 1.00) than PAS.
Finally, when no exercise based on Re-w was performed
(i.e., PAS), the soccer players' performance in SInd signif-
icantly lower (p <0.001, d = 1.23) compared to that shown
at the end of the 1%-half of the match (i.e., CON).

The CMJ, CMJd and CMJnd analysis (Figure 2)
significantly higher values after SQL than after CON (p <
0.001, d = 5.20; p < 0.001, d = 3.30; p < 0.001, d = 1.02,
respectively), PAS (p<0.001,d=2.26;p<0.001,d=3.27;
p <0.001, d=1.68, respectively), SQ (p <0.001,d =1.52;
p <0.001,d=2.45; p<0.001, d = 0.92, respectively), and
SQT (p=0.002,d=0.71; p<0.001,d=1.75; p<0.001, d
=0.85, respectively). In addition, performance in CMJ was
significantly higher after SQT than after CON (p < 0.001,
d=0.93), PAS (p <0.001, d=1.59), and SQ (p <0.001, d
= 0.88). In the variable CMJd, the values were significantly
higher after SQT than after CON (p <0.001, d =1.27) and
PAS (p < 0.001, d = 1.18). While in CMJnd, the values
were significantly higher after SQT than after PAS (p <
0.001, d = 1.10). On the other hand, CMJ, CMJd, and
CMJnd were significantly higher after SQ than after PAS
(p <0.001,d =0.70; p < 0.001, d = 6.35; p < 0.001, d =
2.01, respectively). Additionally, performance in CMJd
was significantly higher after SQ than after CON (p <
0.001, d = 8.35). Finally, when no exercise based on Re-w
was performed (i.e., PAS), the soccer players' performance
in CMJ, CMJd and CMJnd significantly lower (p = 0.04, d
=0.55;p<0.04,d=1.36;p<0.001, d =2.04, respectively)
compared to that shown at the end of the 1%-half of the
match (i.e., CON).

Additionally, significant interaction effects were
obtained on the HJ (F = 73.6, p <0.001, n,> = 0.717) (Fig-
ure 3A) and 3HJ (F =22.6, p <0.001, n,*> = 0.437) (Figure

3B). Significantly soccer players reach more HJ after SQL,
SQT and SQ than after CON (p < 0.001, d = 2.10; p <
0.001,d=2.00; p<0.001, d=0.96, respectively) and PAS
(p <0.001,d =2.83; p<0.001,d =2.40; p<0.001,d =
1.85, respectively). In addition, HJ was significantly higher
after SQL (p < 0.001, d = 1.16) and SQT (p < 0.001, d =
1.24) than after SQ. Finally, when no exercise based on Re-
w was performed (i.e., PAS), the soccer players' perfor-
mance in HJ significantly lower (p <0.001, d = 1.17) com-
pared to that shown at the end of the 1%-half of the match
(i.e., CON). Regarding performance in 3HJ, the players
performed significantly higher after SQL than CON (p <
0.02, d = 0.68), PAS (p <0.001, d = 1.45), SQ (p < 0.001,
d=1.10) and SQT (p < 0.001, d = 0.57). In addition, 3HJ
was significantly better after SQT than after PAS (p <
0.001, d = 0.86) and SQ (p < 0.001, d = 0.50). Also, 3HJ
was significantly higher after SQ than after PAS (p =0.002,
d = 0.456) and when no exercise based on Re-w was per-
formed (i.e., PAS), the soccer players' performance signif-
icantly lower (p = 0.01, d = 0.80) compared to that shown
at the end of the 1%"-half of the match (i.e., CON).

Finally, standardized differences of S20 and T be-
tween types of Re-w protocols are shown in Figure 4. Sig-
nificant effects of interactions were obtained on the S20 (F
=10.2,p <0.001,,2=0.261) and T (F = 26.3, p < 0.001,
np? = 0.475) (Figure 4). The performance in S20 and T were
significantly better after SQL than after CON (p <0.001, d
=0.77; p=0.002, d = 1.55, respectively), PAS (p < 0.001,
d=0.87; p<0.001, d = 1.63, respectively), SQ (p <0.001,
d=0.81; p<0.001, d = 1.21, respectively) and SQT (p <
0.001,d=0.21; p<0.001, d = 0.49, respectively). In addi-
tion, performance in linear (i.e., S20) and COD (i.e., T)
sprint were significantly better after SQT than CON (p <
0.001, d = 0.35; p < 0.001, d = 0.89, respectively) and
PAS (p<0.001,d=0.51;p<0.001,d=1.16, respectively).
On the other hand, T was significantly better after SQT
than after SQ (p <0.001, d = 0.70) and after SQ than after
PAS (p=0.01,d=0.51).

m A * ok
3,00

## ## ok
2,50 e AN i

*%
2,00
1.50
1.00
0,50
0,00
SQL SQT SQ PAS CON

*

##
m B) ~
800 | $$
7.80
7.60

7.40
7.20
7,00

#it
NA
#
%
6.80
6.60
6,40
6,20
6,00
5,80
SQL SQT SQ PAS CON

Figure 3. Hop jump distance (A) and triple hop jump distance (B) after re-warm-up and control protocols. SQL = re-warm-up
with half-squat with elastic looped band around the lower leg; SQT = re-warm-up with half-squat with elastic looped band around the thigh; SQ = re-
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SQ (™ p<0.001); $ Significant differences with SQT ($$ p <0.001).



848

Elastic bands for re-warm-up

s A)

440 | g4

430 H# s
FAYAY

420 s
$3

410

4,00

3.90

3.80

3,70
BOL BOr S BAR  4ON

s B)
10,50
*
ok
1000 | 44

#
i e
AN
950 | ¢
9,00
8,50
8,00

S0l | |30E ||\ BQ) | |BAS| | Com

Figure 4. 20-m linear sprint time (A) and T-test change-of-direction sprint time (B) after re-warm-up and control protocols.
SQL = re-warm-up with half-squat with elastic looped band around the lower leg; SQT = re-warm-up with half-squat with elastic looped band around
the thigh; SQ = re-warm-up with half-squat without elastic looped band; PAS = no re-warm-up; CON = performance after 45-min of match play (1*-
half). * Significant differences with CON (* p < 0.05 and ** p <0.001); # Significant differences with PAS (# p <0.05 and ## p < 0.001); ~ Significant
differences with SQ (™ p <0.001); $ Significant differences with SQT ($$ p <0.001).

Discussion

The aim was to assess the immediate effects of Re-w strat-
egies using half-squats with ELB positioned on the perfor-
mance of youth soccer players. The main findings indi-
cated that Re-w (i.e., SQL, SQT and SQ) had a more sig-
nificant impact on performance than PAS across various
variables, including vertical and horizontal jumping as well
as linear and COD sprinting. Moreover, both SQL and SQT
showed a positive effect on performance compared to half-
squat without ELB (i.e., SQ). On the other hand, omitting
Re-w (i.e., PAS) results in a significant decrease in perfor-
mance across most variables compared to the assessment
conducted at the end of the 45-min simulated match (i.e.,
CON). To the best of the authors’ knowledge, this study is
the first to use ELB with Re-w exercise at half-time in soc-
cer.

Explosive actions such as jumping are important
contributors to soccer performance (Hoff and Helgerud,
2004; Raya-Gonzalez et al., 2023). Overall, our findings
showed a decrease in both bilateral and unilateral vertical
jump performance when comparing the values obtained by
players at the end of a 45-min match with a recovery period
without Re-w (i.e., CON vs. PAS). This outcome is con-
sistent with prior research suggesting that passive half-time
period leads to a reduction in body temperature (Mohr et
al., 2004), and meaningful decreases in eccentric hamstring
strength (Lovell et al., 2013), so a reactivation before the
2"4_half of a match is recommended to prevent declines in
neuromuscular performance. Specifically, the reduction in
vertical jump performance at the onset of the 2"-half
should be regarded as a detrimental factor to performance,
as it is recognized as a useful index of the muscular ability
to generate power (Quagliarella et al., 2010), and more pre-
cisely, CMJ has also been established as a determining fac-
tor for other attributes like sprinting or change of direction
(Kokli et al., 2015). In order to mitigate this performance
decline, it is essential to implement Re-w protocols cen-
tered around post-activation potentiation (PAP) (Russell et

al., 2015a). PAP is a well-described phenomenon by which
muscular performance is acutely and temporarily enhanced
by increasing myosin light chain phosphorylation (Tillin
and Bishop, 2009). While PAP is effective for short-term
performance improvements, research indicates that the per-
formance benefits often extend beyond its immediate ef-
fects (Boullosa, 2021). This has led to the adoption of the
term post-activation performance enhancement (PAPE) to
capture the longer-lasting gains observed after condition-
ing activities, which typically peak 610 minutes post-ac-
tivity (Cuenca-Fernandez et al., 2017). Unlike classical
PAP, which diminishes quickly and is influenced by fac-
tors such as the intensity and volume of the activity, rest
period duration, and training status (Wilson et al., 2013),
PAPE incorporates additional factors like muscle tempera-
ture and fiber recruitment (Blazevich et al., 2019). This
broader perspective provides a more comprehensive
framework for understanding and optimizing performance
in sports contexts (Cuenca-Fernandez et al., 2017). To
achieve the positive effects associated with Re-w strate-
gies, it is crucial to apply activities that adapt these load
components to the individual characteristics of the soccer
players.

The results of our study have shown that jump per-
formance improves compared to a passive recovery situa-
tion (i.e., PAS) when including a half-squat exercise with
(i.e., SQL and SQT) and without ELB (i.e., SQ). The meta-
analysis presented in a recent systematic review revealed
moderate and significant beneficial effects of Re-w proto-
cols on CMJ (Gonzalez et al., 2023). In addition, previous
studies have demonstrated positive effects of a Re-w on
vertical jump, minimizing loss (Edholm et al., 2014) or en-
hancing performance (Zois et al., 2013) in a CMJ com-
pared to a situation involving passive recovery. Although
PAP using heavy loads seems to offer a superior neuromus-
cular stimulus for enhancing vertical jump performance
(Lum and Chen, 2020), implementing this strategy presents
some challenges that are difficult to overcome in the con-
text of soccer competition. Firstly, the absence of gym
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equipment on the majority of soccer pitches where young
soccer players train can hinder its application in real-game
settings (Ltifi et al., 2023a). Additionally, time constraints
during rest periods necessitate protocols that are simple and
ecologically valid (Russell et al., 2015b). In this context,
exercises utilizing body weight, along with easily trans-
portable and accessible resistances such as ELB, per-
formed at an optimal volume (i.e., greater than that em-
ployed in heavy load training), prove advantageous due to
their practicality (Ltifi et al., 2023a). This intervention
seems quite effective as it appears to increase the recruit-
ment of higher-order motor units, activate potentiation
mechanisms, and/or achieve optimal muscle activation
(Suchomel et al., 2016).

Sprinting and COD are physical fitness skills that
play a key role in success in the match (Raya-Gonzalez et
al., 2023). Unlike the vertical and horizontal jumping per-
formance, the absence of Re-w did not show any effect on
the performance in S20 and T (i.e., PAS vs CON). This
contrasts with findings from other studies, which indicated
that increased fatigue during the 1%-half, combined with
the team's passive behavior during the half-time break,
where there is a prolonged period of inactivity that induce
a drop in muscle temperature (~1.5°C) (Mohr et al., 2004),
may negatively impact sprinting performance at the start of
the 2"-half (Gonzalez et al., 2023). These ambiguous re-
sults may be explained from different Re-w strategies and
the fitness status of the players (Matsentides et al., 2023),
and are also influenced by active behaviors performed dur-
ing the 15-min rest period between halves (Bishop, 2003).
On the other hand, while a recent meta-analysis has re-
vealed a trivial and non-significant beneficial effect of Re-
w on sprinting performance (Gonzalez et al., 2023), our re-
sults suggest that implementing a protocol that includes
half-squats with ELB (i.e., SQL and SQT) predisposes the
soccer player to better performance in S20 and T compared
to SQ and PAS. In this regard, although the addition of an
ELB to the squat resulted in a reduction in myoelectric ac-
tivity in the biceps femoris compared to the squat without
an ELB (Martins et al., 2022), our results show better out-
comes in S20 after a Re-w with SQL and SQT than with
SQ. The observed enhancement in sprint performance at
the end of the break is likely associated with various phys-
iological factors, including elevated heart rate, core and
muscle temperature, improved muscle oxygenation, altered
blood metabolite response and increased neuromuscular
activity (Gonzalez-Devesa et al., 2021; Ross et al., 2001).
Improving the sprinting capacity of soccer players is cru-
cial, particularly those lasting 2 to 4-sec over distances
shorter than 20-m, due to their pivotal role in critical mo-
ments preceding goal-scoring opportunities (Faude et al.,
2012). For this, improving sprint performance at the start
of a 2"%-half could have potential benefits for the entire
match outcome (Ltifi et al., 2023a). Finally, the improve-
ments in S20 and T were greater when the ELB was placed
on the lower leg (i.e., SQL vs SQT). This may be attributed
to a higher recruitment of motor units in the hip muscles
during lateral stepping exercises (Lewis et al., 2018) and
squats (Martins et al., 2022) when the ELB was positioned
distally compared to proximally at the hip.

We must acknowledge several methodological lim-

itations in our study. Firstly, our study protocol did not
include key physiological measurements such as heart rate,
core or muscle temperature, and electromyography, which
could provide a more comprehensive understanding of the
effects of the Re-w protocols. Secondly, our study did not
incorporate a 2"-half play, leaving uncertainty about
whether the positive effects observed in the loaded Re-w
experimental conditions would have persisted throughout
the entire 45-min duration of the 2"%-half. This aspect war-
rants investigation in future studies. Lastly, the impact of
performing the Re-w in different environmental conditions
remains unclear. Additionally, while a minimum of 2 years
of experience in resistance training was established for par-
ticipants, there may be slight variations in strength levels
among the players, which could influence the results of the
exercises performed with ELB

Conclusion

In conclusion, this study demonstrates that incorporating
re-warm-up protocols such as half-squats with elastic
looped bands placed on the lower leg (SQL) or thigh (SQT)
can significantly enhance key physical performance as-
pects in youth soccer players, including vertical and hori-
zontal jumps, linear sprinting, and change of direction
(COD) speed. These protocols showed greater positive ef-
fects compared to both passive rest (PAS) and half-squats
without elastic bands (SQ), underscoring the importance of
an active re-warm-up to sustain optimal performance dur-
ing the 2"4-half of play.

Furthermore, omitting re-warm-up activities (i.e.,
using PAS) resulted in notable declines in physical perfor-
mance across multiple variables when compared to values
assessed at the end of the initial 45 minutes of play, indi-
cating the potential detriment of passive recovery on 2"-
half performance.

This study is among the first to explore the specific
application of elastic looped bands within re-warm-up ex-
ercises at halftime for soccer players, particularly at the
youth level. These findings support the application of re-
warm-up protocols with elastic bands for young players,
emphasizing their practicality, accessibility, and potential
benefits for optimizing performance and reducing injury
risk in youth and amateur contexts. Further research could
assess the suitability of these protocols for higher-level ath-
letes, such as elite players, to extend the applicability of
these findings across broader player levels.
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Key points

e Re-warm-up strategies are essential for maintaining and en-
hancing neuromuscular performance in young soccer play-
ers during the halftime period, helping to mitigate declines
in physical performance for the 2nd-half of a match.

The re-warm-up methods employed in this study were short
in duration to align with the typical halftime break, designed
to be practical within the constraints of match play.

Elastic looped bands serve as effective tools for improving
performance in jumps and sprints during re-warm-up for
youth players, providing a practical and accessible solution
to increase muscle activation without requiring gym equip-
ment.

The placement of elastic looped bands impacts performance
outcomes: bands positioned on the lower leg have been
shown to be more effective for enhancing sprint and agility
performance compared to bands positioned on the thigh.
This study’s recommendations are specifically tailored for
youth soccer players, potentially applicable to both amateur
and competitive youth levels, but further research would be
required to determine the effectiveness across different age
groups and player levels, such as amateur or elite adult play-
ers.
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