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Effects of a sprint and plyometric warm-up protocol on vertical jump height and power in adolescent
female volleyball players. A randomized crossover study
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Abstract. The purpose of this study was to compare the immediate effects of a plyometric warm-up protocol (PWU) and a sprint
warm-up protocol (SWU) on jumping performance in female volleyball players aged 14-16 years. Through a cross-over experimental
design, 18 female players were randomly divided into two groups, each receiving both warm-up protocols (PWU and SWU). Before
and after each protocol, height and jumping power were evaluated in squat jump (§]), countermovement jump (CM]), and Abalakov
(ABK) tests using the DM jump® contact mat. Both warm-up protocols significantly improved SJ, CM], and ABK performance
(p<.05), although mainly for jump height. The comparison between both warm-up protocols in the post-test showed no significant
differences (p>.05), although the greatest percentage increase in jump height and power was obtained with the SWU. The ANOVA
showed significant differences in group 1 (initially assigned to PWU) for all tests except for CM] and ABK power. In group 2 (initial-
ly assigned to SWU), the ANOVA also showed significant differences, except for SJ and CM] power. It is concluded that both warm-
up protocols improve jump height and power; however, SWU shows a more favorable trend than PWU. From a practical perspec-
tive, the preliminary findings of this pilot study can provide useful guidelines for the warm-up process; however, further randomized
controlled studies with adequate statistical power are required for more robust conclusions.
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Resumen. El proposito de este estudio fue comparar los efectos inmediatos de un protocolo de calentamiento pliométrico (PWU) y
un protocolo de calentamiento de sprint (SWU) sobre el rendimiento de salto en jugadoras de voleibol de 14-16 afios. Mediante un
disefio experimental cruzado, 18 jugadoras fueron divididas aleatoriamente en dos grupos, cada uno de los cuales recibio ambos
protocolos de calentamiento (PWU y SWU). Antes y después de cada protocolo, se evalué la altura y la potencia en las pruebas de
salto en cuclillas (S]), salto con contramovimiento (CM]J) y Abalakov (ABK) utilizando la alfombra de contacto DM jump®. Ambos
protocolos de calentamiento mejoraron significativamente el rendimiento en ], CM] y ABK (p<.05), aunque principalmente para la
altura de salto. La comparacion entre ambos protocolos de calentamiento en la post-prueba no mostro diferencias significativas
(p>.05), aunque el mayor incremento porcentual en la altura y potencia de salto se obtuvo con el SWU. El ANOVA mostr6 diferen-
cias significativas en el grupo 1 (inicialmente asignado a PWU) para todas las pruebas, excepto para la potencia de CM] y de ABK. En
el grupo 2 (asignado inicialmente a SWU), el ANOVA también mostro6 diferencias significativas, excepto para la potencia de S] y de
CMJ. Se concluye que ambos protocolos de calentamiento mejoran la altura y la potencia de salto; sin embargo, SWU muestra una
tendencia mas favorable que PWU. Desde una perspectiva practica, los hallazgos de este estudio piloto pueden proporcionar directri-
ces utiles para el proceso de calentamiento; sin embargo, se requieren mas estudios controlados aleatorizados con una potencia esta-
distica adecuada para obtener conclusiones mas robustas.
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Introduction

Vertical jumping ability is a determinant variable in
volleyball performance required in most of its technical
gestures (Rufficux et al., 2020; Sattler et al., 2015). The
purpose of explosive movements and vertical jumps asso-
ciated with countermovements is to generate the necessary
power to overcome the opponent, so these skills should be
favored before training or competition (Forte et al.,
2019). Overall physical performance, vertical jump, lower
extremity strength, and power improve with chronologi-
cal age (Karatrantou et al., 2019). In addition, gender
differences in body composition and physiological re-
sponses to physical exercise make it necessary to distin-
guish them in sports planning (Li et al., 2016).

Adolescents' level of physical conditioning can influ-
ence their sports performance, so their preparation should
be oriented to each sport discipline (Karuc et al., 2020).
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Likewise, educational guidance and pre-competitive physi-
cal preparation are recommended for young volleyball
players to improve their performance and prevent injuries
(Mizoguchi et al., 2020). Thus, well-oriented physical
education classes are essential for young adolescent ath-
letes (Marinho et al., 2021).

Warm-up is a physical activity performed before a
sports competition and usually consists of low-intensity
aerobic exercises (Andrade et al., 2015). It aims to in-
crease the metabolic activity of muscle tissue, improving
contractile response and enzymatic activity (Ghareeb et
al., 2017; Russell et al., 2015). Warm-up can generate
other changes, such as post-activation potentiation (PAP)
and elevation of basal VO2 to improve performance
(McGowan et al., 2015; Silva et al., 2018). It is also pos-
tulated that a well-designed warm-up helps to increase
concentration for the subsequent task optimizing perfor-
mance (Neiva et al., 2015).
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It has been suggested that a warm-up routine is essen-
tial to prepare the body for the subsequent effort, so great
importance is given to this process (Hassan et al., 2020).
Despite this, it is complex to establish an effective and
efficient warm-up routine due to the variety of existing
techniques and the experience of coaches and athletes
(Mizoguchi et al., 2020; Seitz & Haff, 2016).

Few studies have analyzed the effectiveness of warm-
up strategies, and the current literature offers limited data
on their applications adapted to sports activity (Buttifant &
Hrysomallis, 2015). Furthermore, because most studies
have been conducted in laboratory conditions with poor
reproducibility in the field, it has been recommended to
extend the evidence to different populations and with
different types of exercises to provide more scientific
support and more precise answers about the effects of
warm-up on different neuromuscular variables (e.g.,
strength, power, speed, and acceleration), facilitating the
formulation of protocols adapted to sports practice
(Wheeler-Botero, 2021).

Active or dynamic warm-up protocols have demon-
strated better results than passive warm-up (Langdown et
al., 2019), so they are a commonly used strategy to pro-
mote muscle power, maximize joint ranges, and improve
performance (Johnson et al., 2019). Therefore, coaches
are constantly looking for the most effective strategies to
improve this ability in their players (Ruffieux et al., 2020).

To date, the acute effects of dynamic warm-ups are
unclear, and there is no consensus about their applications
in youth and adult athletes (Turki et al., 2020). However,
in preadolescents, dynamic warm-ups related to sport-
specific biomechanics have been shown to improve per-
formance and reduce injury risk (Thompson et al., 2017).
Furthermore, in young volleyball players, these strategies
have shown improvements in lower extremity strength
and increases in height and jumping power (Kruse et al.,
2015). Thus, exercises aimed at improving jumping in
young volleyball players should target the reactive and
explosive capabilities of the neuromuscular system (Ruff-
ieux et al., 2020).

Agility is a determining factor for optimal performance
in team sports, among which is volleyball. Its activation
can be favored through various simple and high-intensity
execution strategies, such as sprinting, generating greater
adherence of athletes to these protocols (Raya-Gonzalez et
al., 2018,; L(')pez-/\lvarez & Sanchez-Sixto., 2021; Gomez-
Alvarez et al., 2021; Carlos-Vivas et al., 2020). Thus, the
sprint warm-up (SWU) has positively affected jumping
and agility variables, suggesting that it is important to
consider it in team sports (Silva et al., 2018). In addition,
this warm-up modality involves a greater mobilization of
the energy substrates available for the consecutive activity
(Vargas Fuentes et al., 2015).

Plyometrics promotes the stretch-shortening cycle by
combining an eccentric contraction followed by a concen-
tric contraction, activating the stretch reflex and energy
storage in the clastic elements of skeletal muscle (Reyes,
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2021). Plyometric warm-up (PWU) has been reported to
improve vertical jump through the PAP mechanism (Cilli
et al., 2014) and has been suggested in a wide range of
sports, including volleyball (Ayala et al., 2016; Zois et al.,
2015; Viela et al.,2021). Plyometric activities positively
affect intramuscular coordination, increased neural effi-
ciency, proprioception, and neuromuscular control
(Mroczek et al.,2018). Thus, this strategy has been widely
used to increase strength and speed to improve perfor-
mance in explosive muscle actions (Martinez-Rodriguez et
al., 2017). However, the evidence is currently controver-
sial. In this regard, Picon-Martinez et al. (2019) report in
a systematic review the scarcity of studies in the area,
including poor differentiation according to sex, training
level, and experience of volleyball players. Moreover, few
studies have focused specifically on young volleyball play-
ers (Marinho et al., 2021).

The purpose of this study was to compare the immedi-
ate effects of PWU versus SWU on vertical jump height
and power in 14- to 16-year-old female volleyball players.
Due to the greater similarity of PWU to the inherent
motor gestures of volleyball, it is hypothesized that this
modality offers better results than SWU.

Materials and Methods

Study design

The study was conducted under a pilot crossover design.
It was carried out between the third and sixth week of an
annual 8-week precompetitive period because, in this phase,
coaches concentrate on improving the physical performance
and technical skills of youth athletes. Subjects were coded
and randomly assigned to two experimental groups (groups
1 and 2) using the online software randomizer.org. During
the first experimental period, group 1 started with PWU,
and group 2 started with SWU. After a 2-weck washout,
we proceeded to a second experimental period in which the
warm-up protocols were exchanged. The washout period
was established based on recommendations for crossover
studies (Zurita-Cruz et al., 2018) and previous similar stud-
ies (Munshi et al., 2022; Carvalho et al., 2012). Jump
height and power were evaluated before and immediately
after each warm-up intervention (PWU and SWU) in the
timeline: T1-T2-T3 and T4. Each experimental period was
performed in a single session. Figure 1 shows the different
experimental phases of the study.

Subjects

A non-probabilistic sampling was performed by invita-
tion to all members of a local volleyball club who met the
following inclusion criteria: females between 14 and 16
years old without musculoskeletal injuries (last three
months). All subjects who could not perform the experi-
mental protocols due to different health conditions were
excluded. Of the 26 subjects initially invited, four ex-
pressed their refusal to participate, and four did not meet
the eligibility criteria due to injury. In total, 18 female
players participated in the study (age=14.6%1.0 years;
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weight=62.7110.8 kg; height=1.6310.05 m;
BMI=23.5£2.0). The participants belonged to the under-
16 category with an experience of 1 to 2 years. Their
training frequency was three times per week, lasting 2 to 3
hours per session. Two sessions were oriented to technical
preparation and game simulation, and one session was
oriented to physical preparation.

Assessed for eligibility (n=26) ‘

Excluded (n=8)
Do not meet the eligibility criteria (n=4)
Refused to participate = 4 (n=4)

‘ Randomized (n=18) Other (0=0)

Group 2
Allocated (0=9)

Group 1
Allocated (n=9)

T1. Jump evaluation
SWU (0=9)
T2. Jump evaluation

T1. Jump evaluation
— PWU (n=9)
T2. Jump evaluation

First experimental
period

‘ Washout period

[

T3. Jump evaluation
{1 SWU (n~9)
T4. Jump evaluation

2 [ 13- Jump evaluation
+— PWU (0=9)
T4. Jump evaluation

Second experimental

c
period rossover

Excluded (n=0)
Analyzed (n=9)

Excluded (n=0)

Analysis | Analyzed (n=9)

Figure 1. Flow Chart of the different phases of the study

To reduce the possible interference of uncontrolled
variables, participants maintained their usual lifestyle and
diet throughout the study. All participants followed their
regular training plan, although to avoid fatigue, they did
not train on the days of the study interventions. After the
intervention and evaluation sessions, participants contin-
ued with their daily activities.

Before any study procedure, all requirements and pos-
sible risks were explained. Then, written informed con-
sent was obtained from both the participants and their
parents/guardians. This study followed the guidelines of
the Helsinki declaration and was approved by the Bioethics
Committee of Universidad Santo Tomas, Chile (ORD: N°
159-2019).

Warm-up protocols

The protocols were performed by a trained external
professional and applied individually to each subject ac-
cording to the assigned group. Group 1 started with PWU
and group 2 with SWU, and after the washout period,
they were reversed. Both protocols were selected based
on the available evidence, which considers the sporting
gesture and the type of energy metabolism predominant in
volleyball (Lopes et al., 2019). In addition, the profession-
al previously conducted a group familiarization to reduce
errors and optimize the performance of the protocols.

The high-intensity PWU followed the protocol pro-
posed by Andrade et al. (2015). First, three series of eight
countermovement jumps were performed (30-second
pause between series). Next, three sets of eight drop
jumps (D]) of 40 cm height were performed (30-second
pause between sets). The determination of the D] height is
consistent with the evidence, which recommends heights
between 20 to 60 cm (Picon-Martinez et al., 2019; Gar-
rido-Chamorro et al., 2012).
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The high-intensity SWU followed the protocol pro-
posed by Nickerson et al. (2018). It consisted of four sets
of 40-meter sprints (20 meters out and 20 meters back)
with a 30-second rest between each set.

Jump evaluations

Before the measurements, the subjects were familiar-
ized with the tests: squat jump (S]), countermovement
jump (CM]), and Abalakov jump (ABK). The evaluations
were performed at the usual training site, with the cloth-
ing and footwear used for training and competition. The
Prometheus DM-Jump® model 2.5 contact platform was
used to determine the height in centimeters (cm) and
power in watts (W) of the jumps. The platform has been
validated through its use in a previous study with similar
characteristics (Véliz et al., 2016).

The initial evaluation (pre-test) was performed on the
subjects without warm-up. Then, the corresponding
warm-up protocols were applied, and after 2 minutes of
rest, a new jump evaluation (post-test) was performed on
each subject individually.

The S] was performed from the bipedal position with
the hands on the waist and maintaining an approximate
knee flexion of 90° (Bosco, 1994). The posture was moni-
tored using the PhysioCode® app (available for IOS and
Android). After a verbal cue, the subject performed a
vertical jump without countermovement and assistance
from the upper extremities. This jump assesses explosive
strength without using elastic energy or the myotatic re-
flex (Petrigna et al., 2019). The CM] was performed from
the neutral bipedal position with hands on the waist. After
a verbal cue, the subject performed a rapid flexion-
extension of the lower limbs followed by a vertical jump
(Bosco, 1994). This jump assesses explosive-elastic
strength (Vittori., 1990; Petrigna et al., 2019). The ABK
was performed from the neutral bipedal position with
hands on the waist. After a verbal cue, the subject per-
formed a rapid flexion-extension of the lower limbs fol-
lowed by a vertical jump with the assistance of the upper
limbs (Vittori, 1990). This jump evaluates the explosive-
elastic strength associated with the inertia provided by the
countermovement of the upper limbs.

In each test (S], CM], and ABK), five jumps were per-
formed with a 30-second pause between each one. A pause
of 1 minute was established between each test. For data
analysis, the best result of each attempt was considered. All
evaluations were guided by a trained external professional.
If a jump was incorrect, it was invalidated and repeated.

Statistical analyses

The results were described using the mean and stand-
ard deviation. Verification of normality and homoscedas-
ticity was performed using the Shapiro-Wilk and Levene
tests, respectively. Paired t-test was used for comparisons
between the pretest and post-test in both protocols (PWU
and SWU). Comparison between the warm-up protocols
at post-test was performed using the independent t-test.
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Effect size (ES) was calculated using Cohen's d to deter-
mine the magnitude of differences (<0.2 reflects an insig-
nificant difference; between 0.2-0.49 small; between 0.5-
0.79 moderate and 20.8 large) (Cohen, 1988). To com-
pare the results between time points (T1, T2, T3, and T4)
in each group, repeated measures ANOVA with a Bonfer-
roni post hoc was used, previously verifying Mauchly's
assumption of sphericity. IBM SPSS v.25 software was
used with a significance level of p<<.05 for all analyses.

Results

All participants complied with all study protocols, and
no adverse events were reported. No statistically signifi-

cant differences were found between the two experi-
mental conditions in the pretest for all dependent variables
(p>.05).

Table 1 compares pretest and post-test measurements
for each warm-up protocol. For PWU, except for S] pow-
er, statistically significant differences were found in all
measurements (p<.05). The increase in CM] and ABK
height was "moderate” with a percentage increase of
10.43% and 11.22%, respectively. For SWU, all variables
showed statistically significant differences (p<.05). The
increase in CM] height was "large"
increase of 14.41%. In addition, the increase in CM] pow-

with a percentage

er and ABK height were "moderate" with an increase of
6.28% and 12.25%, respectively.

Table 1.
Pretest and post-test differences for each warm-up protocol. Results expressed as mean + standard deviation
Jump Outcome PWU (n=18) SWU (n=18)
Pretest Post-test % ES Pretest Post-test % ES
S| Hcight (cm) 194+34 20.6 £ 3.2% 6.22 0.36 19.8 £3.7 21.7 £ 4.0% 9.42 0.47
Power (W) 297.0 = 35.8 302.4 £34.9 1.82 0.15 297.2 £37.8 311.0 £ 40.6% 4.66 0.35
M) Height (cm) 22.2 4.1 24.5 + 4.3% 10.43 0.54 22.5+4.2 25.8 +3.8% 14.41 0.80
Power (W) 315.7%+39.9 330.4 £ 36.6% 4.66 0.38 317.1 £ 40.8 337.0 & 34.4% 6.28 0.52
ABK Hcight (cm) 25.1%4.2 27.9 £ 4.2% 11.22 0.66 25.6 £ 4.7 28.7 £ 4.5% 12.25 0.68
Power (W) 336.0 £ 43.6 349.4 £ 35.1%* 3.96 0.33 338.4 £ 45.6 354.0 £ 41.3% 4.62 0.36

cm centimeters; W watts; PWU plyometric warm-up; SWU sprint warm-up; S] squat jump; CM] counter movement jump; ABK Abalakov; * p value <0.05; %

percentage increase in the post-test; ES Effect size (Cohen’s d)

Figure 2 shows the comparison between both warm-up
protocols in the post-test. A higher percentage increase
was found for SWU, varying between 1.34% and 5.08%.
The ES was "small" in all cases (p>.05).
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Figure 2. Differences in jump height and jump power between SWU and
PWU in the Post-test

Jump power (w)

Table 2 shows the timeline comparison of group 1.
The repeated measures ANOVA was statistically signifi-
cant for all variables except for CM] and ABK power. For
PWU in the first experimental period (T1 vs. T2), the
only statistically significant difference was found in CM]
height (p<.05). For SWU in the second experimental
period (T3 vs. T4), a statistically significant difference was
found in all results (p<.05), except for power in CM] and
ABK.

Table 3 shows the timeline comparison for group 2.
The repeated measures ANOVA was statistically signifi-
cant for all variables except for SJ and CM] power. For
SWU in the first experimental period (T1 vs. T2), a statis-
tically significant difference was found in all results
(p<.05), except for power in S] and CM]. For PWU in
the second experimental period (T3 vs. T4), the only
statistically significant difference was found in SJ, CM],
and ABK height (p<<.05). No significant differences were
found in the comparisons T1 vs. T3 and T2 vs. T4.

Table 2.
ANOVA and post hoc for group 1 timeline (n=9). Results expressed as mean & standard deviation.
PWu Swu
Jump Outcome T1 (pretest) T2 (post-test) T3 (pretest) T4 (post-test) p np 2
5 Height (cm) 20.8£2.0 21.9+%2.1 21.8£2.5 23.8+2.8¢ 0.000 0.543
’ Power (W) 300.0 + 34.7 299.9 + 38.2 301.5 + 37.0 315.6 + 39.1% 0.002 0.451
oM Height (cm) 243%33 27.1%2.8 24.8%3.8 28.1 £ 2.9 0.000 0.781
Power (W) 318.31+43.3 327.9125.1 320.0 = 36.1 349.1+£29.7 0.077 0.341
ABK Height (cm) 26.7%3.6 29.3£3.9 278143 30.9 3.9 0.002 0.536
Power (W) 334.5+ 153 343.31+13.0 338.0+ 12.5 353.2+13.0 0.077 0.339

cm centimeters; W watts; yometric warm-up; sprint warm-up; SJ squat jump; counter movement jump; alakov; * post hoc T1-T3; T post
i w PWU ply i p; SWU spri p; SJ squat jump; CM jump; ABK Abalakov; * post hoc T1-T3; " p

hoc T1-T2; * post hoc T3-T4; ¥ post hoc T2-T4; p ANOVA value <0.05;
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Table 3.
ANOVA and post hoc for group 2 timeline (n=9). Results expressed as mean + standard deviation.
Swu Pwu

Jump Outcome T1 (pretest) T2 (post-test) T3 (pretest) T4 (post-test) P np 2
Nj Height (cm) 17.8 £ 3. 19.6 £ 4.0 18.0 4.0 19.4 3.7 0.001 0.480
Power (W) 292.8 1 40.4 306.4 = 43.9 293.9 +38.7 304.9+33.4 0.055 0.387
cM) Height (cm) 202%3.6 235%3.0 201£38 209 £4.00 0.002 0.730
Power (W) 314.1 £47.0 324.9 + 36.1 313.0 = 38.7 3329+ 46.9 0.066 0.274
ABK Height (cm) 233140 26.61 = 4.17 235143 26.6 + 4.2t 0.001 0.766
Power (W) 338.8 £ 52.5 356.6 £ 45.7° 337.6 £ 43.9 355.41+31.8 0.000 0.936

cm centimeters; W watts; PWU plyometric warm-up; SWU sprint warm-up; SJ squat jump; CM] counter movement jump; ABK Abalakov; * post hoc T1-T3; t post
hoc T1-T2; ¥ post hoc T3-T4; ¥ post hoc T2-T4; p ANOVA value <0.05; Partial Eta Square (Np’)

Discussion

This pilot study aimed to compare the effect of two
warm-up protocols on vertical jump performance in
young female volleyball players. The results indicate that
both a PWU and SWU protocol achieve improved jump-
ing performance, although the largest magnitudes of
change are obtained with SWU. Eighty percent of warm-
up studies favorably optimize performance; however, the
effect of these interventions depends on several factors,
such as intensity and duration, as well as the time elapsed
between warm-up and exercise (Gil etal., 2019).

Andrade et al. (2015) compared six warm-up proto-
cols in 10 subjects, obtaining significant increases in SJ,
CM], and DJ height for plyometric (p<<.05) and sprint
(p<.05) warm-up protocols, in contrast to a reduction in
jumping performance for passive warm-up protocols. In
the present study, the comparison of both warm-up proto-
cols in the post-test is not statistically significant, which
agrees with a meta-analysis published by Seitz and Haff
(2016), who report that there are no significant differ-
ences between high-intensity dynamic warm-up protocols.
These results contrast with those presented by other au-
thors, where electromyography showed that plyometric
work improved muscle activation, resulting in better per-
formance in explosive activities such as jumping and run-
ning (Johnson et al., 2019). Hassan et al. (2020) also sug-
gest that a warm-up protocol considering plyometric work
would improve vertical jump performance.

It is important to highlight that in this study, both pro-
tocols (PWU and SWU) tend to improve jumping per-
formance, although SWU presents a more favorable ten-
dency than PWU. When comparing the results in the
post-test between both protocols, there are no significant
differences (p>.05), although, in the post-hoc analysis,
both protocols independently present significant im-
provements (p<.05) in SJ, CM], and ABK height and
power. Beltran et al. (2019) conclude that physical fitness
and experience are determining factors for physical and
physiological performance in plyometric activities in chil-
dren and adolescents. In addition, Gil Arias et al. (2012)
state that sports experience is associated with better neu-
romuscular responses, and Martinez-Rodriguez et al.
(2017), through a systematic review, concluded that the
results in jumping performance tend to be more heteroge-
neous in female adolescent volleyball players. Thus, con-
sidering that the subjects of the present study are adoles-
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cent volleyball players in formative stages, the factors
mentioned could have influenced the results of the warm-
up protocols implemented; however, the greatest influ-
ence could have been linked to PWU due to its greater
complexity.

Plyometric-based warm-up activities are complex to
execute, require a high ability to control the movement of
body segments (Marinho et al., 2021) and involve more
time to influence jump execution pattern and performance
(Kitamura et al., 2020). Nevertheless, Rezende et al.
(2016) suggest that plyometric activities would be the
most suitable to improve jumping performance compared
to other high or moderate-intensity warm-up strategies,
which is based on the similarity of plyometrics with the
motor gestures specific to volleyball (Forte et al., 2019).
On the other hand, Seitz and Haff (2016) point out that
the effects of the warm-up generally depend on the mus-
cular strength the athletes develop associated with their
physical preparation. Furthermore, Kurt et al. (2018)
posit that improved jumping performance is related to
preventing fatigue during warm-up through exercises
involving brief muscle contraction. These factors, added to
the inexperience of the subjects in the present investiga-
tion, could have also affected the post-PWU versus SWU
jumping performance.

The high-intensity dynamic warm-up protocol based
on sprint and characterized by a lower complexity tends to
generate a significant increase in jump height and power in
youth volleyball players, which can be explained due to an
activation of the glycolytic system and a delay in phospho-
creatine (PCr) depletion, being both metabolic strategies
crucial for short-duration explosive activities (Park et al.,
2021). In this regard, Solon and Da Silva (2021) recom-
mend including sprint sessions as a warm-up to improve
performance; however, they also recognize that there are
no significant differences concerning other dynamic warm-
up protocols.

In this study, both protocols improve jumping perfor-
mance, agreeing in general terms with the basics of warm-
up (increase in body temperature and PAP) (Behm et al.,
2016; Fradkin et al., 2010; Barbosa et al., 2020); howev-
er, a greater tendency of improvement is observed to-
wards the SWU protocol, contrary to our initial hypothe-
sis. This situation may be explained by the fact that the
study sample is characterized by low age and motor devel-
opment, incipient sports experience, and a low level of
physical preparation, which may be associated with a high-
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er probability of fatigue during warm-up. Therefore, all
these factors are fundamental to consider when imple-
menting warm-up protocols in this population.

Little is known about the relationship between the lev-
el of coordination and motor performance in adolescent
volleyball players, being this a neglected field (Marinho et
al., 2021). Therefore, more research is required about the
effects of various warm-up protocols and thus elucidate
the optimal methodologies to increase athletic perfor-
mance depending on the discipline, competitive level, and
gender of the athletes (Ghareeb et al., 2017; Creekmur et
al., 2017). Then, although this study has a pilot character,
it provides relevant results in the field.

The strengths of this study lie in the randomization of
the experimental conditions, the blinding of the subjects,
and the evaluator reducing the risk of bias. In addition, the
study respected the sporting process of the subjects with-
out affecting their training process. Finally, adolescent
volleyball players in formative stages were considered,
contributing to filling a knowledge gap in this population.
On the other hand, the limitations of this study are related
to a low sample size, the lack of a non-intervened control
group, and low control over the performance of the PWU
protocol.

Conclusion

It is concluded that both warm-up protocols improve
jump height and power; however, SWU shows a more
favorable trend than PWU. From a practical perspective,
the preliminary findings of this pilot study can provide
useful guidelines for the warm-up process; however, fur-
ther randomized controlled studies with adequate statisti-
cal power are required for more robust conclusions.
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