Original
Effects Paper
of two different warm-up strategies in tennis physical performance

DOI: https://doi.org/10.5114/biolsport.2021.101604

Acute effects of dynamic versus foam rolling warm-up strategies
on physical performance in elite tennis players
AUTHORS: Alvaro Lopez-Samanes1, Juan Del Coso2, Jose Luis Hernández-Davó3, Diego Moreno-Pérez4, Daniel Romero-Rodriguez5, Marc Madruga-Parera5, Alejandro Muñoz1, Victor Moreno-Pérez6
1

Exercise Physiology Group, School of Physiotherapy, Faculty of Health Sciences, Universidad Francisco de
Vitoria, Madrid, Spain
2
Centre for Sport Studies, Rey Juan Carlos University, Fuenlabrada, Spain
3
Faculty of Health Sciences, University Isabel I, Burgos, Spain
4
Department of Education, Research and Evaluation Methods, Comillas Pontifical University, Madrid, Spain
5
University School of Health and Sport (EUSES), University of Girona, Girona, Spain
6
Sports Research Centre, Miguel Hernandez University, Elche, Spain
ABSTRACT: To date, there is a lack of information about the optimal conditions of the warm-up to lead to
a better performance in elite tennis players. The aim of this study was to compare the effects of two different
warm-up protocols (dynamic vs. self-myofascial release with foam rolling) on neuromuscular variables associated
with physical determinants of tennis performance. Using a crossover randomised experimental design, eleven
professional men tennis players (20.6 ± 3.5 years) performed either a dynamic warm-up (DWU) or a selfmyofascial release with foam rolling (SMFR) protocol. DWU consisted of 8 min of dynamic exercises at increasing
intensity and SMFR consisted of 8 min of rolling on each lower extremity unilaterally. Just before (baseline) and
after completing warm-up protocols, players performed a countermovement jump (CMJ), the 5-0-5 agility test,
a 10-m sprint test and the Straight Leg Raise and Thomas tests to assess range of motion. Compared to baseline,
the DWU was more effective to reduce the time in the 5-0-5 test than SMFR (-2.23 vs. 0.44%, respectively,
p = 0.042, ηp2 = 0.19). However, both warm-up protocols similarly affected CMJ (2.32 vs. 0.61%, p = 0.373,
ηp2 = 0.04) and 10-m sprint time changes (-1.26 vs. 1.03%, p = 0.124, ηp2 = 0.11). Changes in range of
motion tests were also similar with both protocols (p = 0.448–1.000, ηp2 = 0.00–0.02). Overall, both DWU
and SMFR were effective to prepare well-trained tennis players for highly demanding neuromuscular actions.
However, DWU offered a better preparation for performing change of direction and sprint actions, and hence,
in high-performance tennis players, the warm-up should include dynamic exercises.
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INTRODUCTION
Tennis is an intermittent sport characterised by short bouts of high-

Tennis players normally perform different types of warm-up routines

intensity exercise (4–10 s) during a variable period of time that

prior to formal training and competitions aiming to achieve high

ranges from ~1 to ~5 h [1]. Overall, tennis entails multiple running

levels of explosive force before the beginning of the competitive activ-

accelerations/decelerations and changes of direction, together with

ity [4]. Thus, apart from a reduction in the injury risk, increases in

several types of groundstrokes performed all over the tennis court [2].

intra-muscular temperature and nerve conductance velocity through

The organisation of tennis scoring by points, games and sets implies,

warm-up exercises can enhance physical performance [5]. In this

at the same time, the performance of very high-intensity actions

regard, traditional warm-up protocols in tennis typically involve low-

during play due to its intermittent nature and incomplete recovery

to-moderate intensity aerobic activities (e.g., jogging at a self-select-

between actions because of the short duration of the pauses [3].

ed pace), dynamic stretching exercises to enhance joint range of

Before training and competition, elite tennis players perform warm-

motion (ROM), coordination exercises and sport-specific drills exe-

up routines to increase their readiness to perform these tennis-spe-

cuted at, or just below, game intensity [6]. A recent study showed

cific actions [4]. However, to date, there is no consensus about what

that warming up with low intensity running followed by dynamic

type of exercise should be included in a tennis warm-up to optimise

stretching led to greater improvements in jumping, sprinting and

players’ preparation to train and compete.

other tennis performance variables than the use of running plus
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static stretching [4]. Similarly, other studies incorporating dynamic

19.00 ± 4.24 h of training (i.e., on-court) per week, focused on the

stretching exercises in the warm-up have also shown improved agil-

development of on-court technical/tactical tennis skills, as well as the

ity values and better 20-m sprint times in tennis players [7]. Mech-

enhancement of tennis-specific physical fitness. The exclusion criteria

anisms explaining such improvements after dynamic stretching

set for the study sample were: having had a musculoskeletal injury in

strategies can be related to post-activation potentiation and greater

the three months previous to the study and the presence of delayed

activation of the myotatic reflex induced by the dynamic move-

onset muscle soreness at the testing session or the day before. Prior

ments [8]. Thus, these previous investigations have been helpful in

to the start of this investigation, all players were fully informed about

evolving the traditional warming up strategies in tennis to achieve

the testing protocols and the risks associated with the study and writ-

a more effective warm-up that includes dynamic exercises. How-

ten informed consent was obtained from them or their parents/guard-

ever, it is still unknow whether other warming up strategies used in

ians (3 participants were under 18 years old). The study was approved

other sports may have a greater impact on tennis performance.

by the institutional ethics review committee of the University Miguel

In recent years, other options of warm-up have been proposed,
among which the use of self-myofascial release with foam rolling

Hernandez (2016.348.E.OEP) and conformed to the code of ethics
of the World Medical Association (Declaration of Helsinki).

(SMFR) is worthy of mention. This technique is a therapeutic practice usually employed to treat soft-tissue restrictions [9]. SMFR is

Experimental protocol

commonly used by therapists and fitness professionals as a recovery

The research was conducted during the preparatory phase of the

tool to promote the process of soft-tissue healing [10, 11] and is

2017 tennis season. Throughout the investigation, participants were

normally applied in periods of 5–10 minutes duration [12, 13]. Pre-

requested to maintain their normal life habits and their regular diets

vious studies have demonstrated the efficacy of SMFR in reducing

and normal hydration state, not to take any nutritional supplementa-

muscle soreness and improving joint ROM after intense exer-

tion or anti-inflammatory medications, and to refrain from caffeine

cise [11, 12]. However, the utility of SMFR prior to sports training/

intake in the 24 hours before each testing session [18]. Participants

competitions remains controversial. With SMFR, the musculature is

were also requested to avoid strenuous activities 24 hours before

rolled and compressed utilising a foam rolling device producing an

each test session. All trials were performed at the same time of the

increase in myogenic and endothelial dilation that may facilitate

day to avoid any effect of circadian variations on the results of the

performance [14]. However, only the targeted musculature is af-

study [19]. Participants were enrolled in a crossover-study design,

fected by these potential effects, and thus several muscular structures

in which they acted as their own controls by taking part in two

must be foam-rolled. On the one hand, improvements in jump, speed

identical experimental sessions. Before the onset of the experimental

and power performance and in flexibility have been found when

sessions, tennis players underwent two familiarisation sessions car-

comparing an SMFR warm-up vs. more traditional warm-up protocols

ried out 1 week before the experiment (separated by 48 hours), which

with dynamic exercises [15, 16]. However, greater jump performance

included measurements of all tests employed in the experimental

has also been reported with the use of dynamic stretching after

sessions and the different warm-up protocols.

a warm-up protocol of 5 min of cycling when compared to the same

Participants participated in two identical experimental sessions,

warm-up protocol followed by SMFR [17]. The discrepancies among

except for the characteristics of the warm-up. In each experimental

studies could be attributed to the diverse methodologies used, such

session, and in a randomised order, tennis players performed either

as the combination of SMFR with other warm-up exercises and dif-

a warm-up including dynamic exercises (DWU) or the same warm-up

ferences in warm-up lengths and foam rolling devices. For this reason,

including SMFR. The experimental trials were separated by at least

the aim of this study was to examine and compare the acute effects

48 hours to allow full recovery. During each experimental trial, the

of two different warm-up protocols that only differed in the inclusion

players performed a 10-minute general warm-up. This general warm-

of dynamic stretching exercises or self-myofascial release with foam

up routine included running at moderate intensity (self-rated), forward/

rolling on neuromuscular variables associated with physical deter-

backward movements, sidestepping and general dynamic exercises.

minants of tennis performance.

Afterwards, players performed a battery of neuromuscular tests that
included a countermovement jump, a modified version of the 5-0-5

MATERIALS AND METHODS

test, a 10 m sprint test, and two flexibility tests: the straight leg raise

Participants

test and the Thomas test. There was set 5-min recovery period be-

Eleven high performance men tennis players (age: 20.64 ± 3.56 years;

tween tests. The results of these tests, performed before DWU and

body mass: 75.55 ± 5.03 kg; height: 1.83 ± 0.05 m) volunteered

SMFR protocols, were considered as the baseline performance. After

to participate in the study. Participants were ranked in the Association

completing these baseline measurements, participants performed

of Tennis Professionals (ATP) and they were among the 300 best

8 minutes of DWU or SMFR. After the warm-up protocols had been

national tennis players in Spain. In addition, all participants were

completed, the battery of neuromuscular measurements was repli-

active competitors in tournaments of the International Tennis Federa-

cated following the protocols of the baseline measurement, including

tion (ITF) world tour. At the time of the study, participants averaged

order and recovery between tests (Figure 1). All protocols were
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FIG. 1. Experimental design.
Participants performed two pre-experimental familiarisation sessions. In each experimental session, tennis players performed either
a warm-up including dynamic exercises (DWU) or the same warm-up including self-myofascial release with foam rolling (SMFR).
During each experimental session, the players performed a 10-minute general warm-up including running at moderate intensity,
forward/backward movements, sidestepping and general dynamic exercises. Afterwards, players performed a battery of neuromuscular
tests that included a countermovement jump (CMJ), a 10 m sprint test, a modified version of the 5-0-5 test and two flexibility tests:
the straight leg raise test and a modified version of the Thomas test (ROM measures). After completing these baseline measurements,
participants performed 8 minutes of DWU or SMFR. After the protocols of warm-up had been completed, the battery of neuromuscular
measurements was replicated.

(14.3 ± 3.4°C) and relative humidity (40 ± 8%; WMR 108, Mex-

Testing Procedures
Vertical jumping (CMJ)

tech, India) were similar in both experimental sessions.

Bilateral countermovement jumps (CMJs) were performed on an

conducted in a training club centre and environmental temperature

infrared jump system (Optojump, Microgate, Italy) according to stan-

Dynamic warm-up (DWU).

dard methodology previously described [23]. During the jump, hands

Participants performed 8 min of dynamic exercises which consisted

were held at the hips to remove the influence of the upper body on

of straight leg march, forward lunge with opposite arm reach, forward

the jump. From a standing position with straight knees, players

lunge with elbow to instep, lateral lunge, trunk rotations and multi-

squatted down to ~90º before jumping as high as possible. Each

directional skipping exercises following a previously described pro-

player performed three maximal attempts interspersed with 45 s of

tocol [20]. Each participant performed 3 sets of increasing exercise

passive recovery, and the best height jumped was recorded and used

intensity (from low to high), with 15 s rest between sets. Participants

for statistical analysis as previously reported. The ICC for this test

were informed that the velocity of movement had to be progres-

was 0.90 [19].

sively increased from 50 to 90% of their maximal velocity for each
exercise [21].

Modified 5-0-5 agility test (5-0-5)
The ability of the athletes to perform a single, rapid 180° change of

Self-myofascial release with foam rolling

direction over a 5 m distance was measured using a modified version

Participants performed 8 min of SMFR consisting of rolling on each

(stationary start) of the 5-0-5 agility test [24]. Players started in

extremity (leg) unilaterally. Specifically, SMFR was performed once

a standing position with their preferred foot 50 cm behind the starting

on the quadriceps, hamstrings, gluteus and gastrocnemius for 60 s in

line. On command, they accelerated forwards to the line placed at

both legs to complete a total of 8 min, following the protocols de-

5 m, pivoted on either the left or right foot and then returned to the

scribed by Behara et al. [13]. The SMFR was performed with a foam

start line. The time to complete the modified 5-0-5 test was recorded

rolling device of medium density (Grid Foam Roller, Trigger Point,

to the nearest 0.01 s (Smartspeed, Fusion Sport, Australia). Partici-

USA), although the density of the foam roller has little impact on the

pants performed one repetition pivoting on each foot. Two minutes of

results of the technique [22].

rest were allowed between attempts. The ICC for this test was 0.92 [25].
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TABLE 1. Changes in neuromuscular performance and hip range of motion after a warm-up protocol that included dynamic exercises
(DWU) or self-myofascial foam rolling (SMFR) in elite tennis players.
DWU

SMFR

ANOVA

Baseline

Post
warm-up

∆ (%)

d

Baseline

Post
warm-up

∆ (%)

d

Time

Protocol

Interaction

CMJ (cm)

34.78
± 5.13

35.59
± 5.19

2.32
± 3.73

0.16

34.24
± 6.77

34.42
± 7.07

0.61
± 5.54

0.02

0.173

0.716

0.373

10-m sprint (s)

2.22
± 0.11

2.20
± 0.12

-1.26
± 2.02

-0.19

2.12
± 0.08

2.14
± 0.08

1.03
± 4.33

0.25

0.860

0.052

0.124

5-0-5 Agility
Test (s)

2.86
± 0.14

2.79
± 0.13

-2.63
± 3.55

-0.52

2.75
± 0.18

2.76
± 0.13

0.44
± 3.94

0.06

0.097

0.236

0.042*

SLRT dominant
(º)

76.55
± 6.07

78.18
± 6.23

2.12
± 2.76

0.27

77.27
± 5.75

79.09
± 4.13

2.45
± 2.50

0.36

0.001*

0.732

0.836

SLRT nondominant (º)

75.64
± 5.78

76.36
± 5.71

0.97
± 3.02

0.14

77.09
± 5.47

78.36
± 4.97

1.68
± 2.64

0.24

0.041*

0.461

0.558

TT dominant
(º)

0.91
± 3.39

1.82
± 3.52

17.33
± 60.22

0.26

0.00
± 2.69

0.36
± 2.80

20.27
± 28.67

0.13

0.115

0.348

0.448

TT nondominant (º)

2.18
± 3.16

2.55
± 3.24

8.11
± 52.08

0.12

0.73
± 2.24

1.09
± 3.02

27.47
± 33.82

0.14

0.395

0.232

1.000

Data are presented as mean ± SD. Abbreviations: ANOVA: Analysis of variance with two ways: time and warm-up protocol;
CMJ = Countermovement jump; SLRT = Straight Leg Raise Test; TT = Thomas Test. *Significant differences at p < 0.05.

Sprint test (10-m sprint)

protocol (DWU vs. SMFR) was performed to examine the effects of

A 10-m sprint test (with 5-m split times) was performed in a straight

the different warm-up protocols on performance and ROM variables.

line while running time was measured using beam photocell gates

After a significant F test, the Bonferroni post hoc test was applied to

placed 1.0 m above the ground level (Smartspeed, Fusion Sport,

identify pairwise differences. The significance level (α) was set at

Australia). Each sprint was initiated 50 cm behind the photocell gate

0.05. Statistical significance was set at p < 0.05. Cohen’s d and

as previously reported [5]. Each player performed two maximal 10-m

partial eta squared (ηp2) for ANOVA were calculated to estimate the

sprints with 2 min of passive recovery between the attempts. The

effect size [27]. All procedures were performed using SPSS software

best performance was recorded and used for the statistical analysis.

(v. 24, IBM, Armonk, NY, USA).

The ICC for this test was 0.90 [19].
RESULTS

ROM measures

Table 1 shows the results obtained in the baseline and post warm-up

Passive hip flexion (passive straight leg raise test; SLRT) and a mod-

measurements with the two warm-up protocols investigated. There

ified version of the Thomas test were measured using an inclinom-

was no difference in the baseline values between DWU and SMFR

eter (Isomed, Portland, OR, USA) with a telescopic arm to assess

for any of the variables investigated (all p > 0.05). There were no

the effect of the warm-up protocols on hip ROM [26]. Prior to each

overall effects of time or protocol, and no interaction, for counter-

assessment, the inclinometer was calibrated to 0° with either the

movement jump height (Table 1; ηp2 = 0.04). Compared to baseline,

vertical or horizontal axis. Participants were instructed to perform

neither DWU (p = 0.055) nor SMFR (p = 0.782) improved coun-

two maximal attempts for each test and for each limb (30 s rest

termovement jump height. There was a main effect of the protocol

between attempts) The ICC of ROM measurements were 0.94 for

in the time to complete the 10 m sprint test but there was no main

the SLRT and 0.87 for the Thomas test [26].

effect of time and no interaction for this performance variable
(ηp2 = 0.11). However, the post-hoc analysis revealed that neither

Statistical analysis

DWU (p = 0.076) nor SMFR (p = 0.443) significantly reduced the

Data are presented as mean ± standard deviation (SD). The Shap-

time to complete the 10 m sprint test. There was a statistically

iro-Wilk test revealed that data were normally distributed. A two-way

significant time × protocol interaction for the time to complete the

analysis of variance (ANOVA) with time (pre-test vs. post-test) × and

5-0-5 agility test, although the main effects did not reach statistical
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significance (ηp2 = 0.19). In comparison to baseline values, tennis

thelial dilation and reduction in tissue adhesion [14, 29], but the

players significantly reduced their time to complete the 5-0-5 test

effect on muscle activation is minimal [10]. In fact, a recent meta-

with DWU (p = 0.032) while the time in this test was unchanged

analysis on the effect of foam rolling prior to exercise concluded that

with SMFR (p = 0.782).

its influence on jump and strength performance was negligible [30].

There was a main effect of time for SLRT in the dominant and

Thus, DWU may have greater value than SMFR when preparing

non-dominant limbs although there was no main effect of the proto-

players to perform high-intensity actions that require changes of

col and no interaction (ηp2 = 0.00 and 0.01) respectively). When

directions and agility, and hence it should be performed before work-

compared to ROM baseline values, both DWU (p = 0.031) and

outs that include this type of routines. Moreover, as the average sprint

SMFR (p = 0.010) warm-up protocols improved the values in the

distance performed by tennis players during competition is 4–7 m in

SLRT in the dominant limb with no significant differences between

the course of a rally or point, with an average of 4 changes of direc-

protocols (p = 0.836). However, no differences were reported in the

tion (COD) [31], these data might indicate that the use of SMFR

SLRT test in the non-dominant limb with DWU (p = 0.307) or SMFR

shows no benefits in physical performance of elite tennis players, at

(p = 0.067). Lastly, there were no overall effects of time or protocol,

least during the first phases of the competition. In this regard, DWU

and no interaction, for the Thomas test in the dominant and non-

should be recommended as the warm-up of choice before a tennis

dominant limbs (ηp2 = 0.02 and 0.00). Specifically, there were no

competition.

pre-to-post changes in the values for the Thomas test in the dominant

A similar tendency was found for jump and sprint performance,

and non-dominant limb for DWU (p = 0.176 and 0.588) or SMFR

with greater changes in terms of magnitude after DWU vs. SMFR,

(p = 0.441 and 0.506).

although the effect of the warm-up protocols on these tennis-specific performances did not reach statistical significance. In tennis,

DISCUSSION

muscle strength/power in the lower extremities is essential to produce

To the best of our knowledge, this is the first study to compare the

explosive actions such as in the tennis serve [32]. In this regard,

efficacy of dynamic warm-up and self-myofascial release foam rolling

countermovement jump height was improved by 2.32% after DWU

to enhance neuromuscular variables associated with physical deter-

and by 0.61%, after SMFR. These findings are similar to other stud-

minants of tennis performance. While previous studies have inves-

ies that have found 2.0–3.9% improvements in vertical jump follow-

tigated the effect of including different types of stretching exercises

ing DWU [33, 34]. In addition, DWU enhanced sprint time (i.e.,

on tennis-specific performance [4, 7, 28] this investigation is novel

reducing it by -1.26%) while the time in the sprint test was longer

because it assesses the effect of foam rolling to enhance the readiness

than the baseline value with SMFR (+1.03%). Again, there is evi-

of tennis players to complete highly demanding neuromuscular ac-

dence showing the benefits of DWU to improve sprint performance [4]

tions. Overall, the statistical analysis revealed that the effect of both

while the effect of SMFR is usually lower [30]. From a practical

DWU and SMFR to enhance hip ROM was similar when compared

perspective, the performance effect found with DWU might entail

to baseline values, but DWU was superior to SMFR to improve agil-

a higher jump and sprint capacity in tennis players that suggests the

ity (Table 1). In addition, there was a tendency for time × protocol

adequacy of this type of warm-up over SMFR for performing lower

interaction in the sprint test, suggesting a better pre-to-post warm-up

limb power actions.

improvement in 10-m sprint times with DWU in comparison to SMFR.

Concerning hip ROM, the present results suggest that both warm-

Last, the pre-to-post warm-up change in jump height almost reached

up protocols were equally effective to improve hip flexion in the

statistical significance with DWU. Thus, the results of this investiga-

dominant limb. Although no statistically significant differences were

tion indicate that both dynamic warm-up and self-myofascial release

found for the effect of DWU and SMFR on the hip ROM change, the

with foam rolling may be considered effective to prepare high-per-

mechanism that the effect of the warm-up entailed were probably

formance tennis players for actions that demand a large ROM in the

different between DWU and SMFR. The increase in flexibility after

hip. However, the dynamic warm-up offered a better preparation for

DWU may be explained by the incorporation of multi-dimensional

performing agility exercises and changes of direction and it was

activities with wide movements such as skipping, directional running,

likely more beneficial to perform sprint and jump actions.

shuffling, and various calisthenics. This type of dynamic exercise

The larger effect of DWU to improve agility over SMFR might be

may favour ROM through a positive effect on the stretch-shortening

related to the different changes that each protocol produces within

cycle [35]. On the other hand, the improvements in the ROM with

the muscle. On one hand, DWU increases muscle temperature and

the SMFR technique could be explained by altered tissue stiffness,

induces neural activation such as post-activation potentiation and

change in the thixotropic property of the fascia and the analgesic

activation of the myotatic reflex [4]. These changes have been repeat-

effects of the technique by mediating pain-modulatory systems [36,

edly related to improved physical readiness to perform high-intensi-

37]. Specifically, SMFR involves small undulations back and forth

ty exercise actions [8], and for this reason, DWU is considered the

over a mild-density foam roller which places direct and sweeping

most recommended type of warm-up protocol in tennis. By contrast,

pressure on the soft tissue to stretch it and generate friction between

the musculature compressed during the SMFR is subjected to endo-

the soft tissue of the body and the foam, resulting in higher flexibilBiology

of
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ity [10, 38]. Independently of the mechanism, both warm-up pro-

up and the use of self-myofascial release with foam rolling may be

tocols may be considered equally effective to increase hip ROM

equally effective to increase hip ROM in high-performance tennis

before tennis-specific routines. However, due to their low efficacy to

players, and perhaps they may be useful for workouts focused on

produce statistically significant changes over baseline – which was

enhancing muscle flexibility.

recorded after a general warm-up – it should be pointed out that
both DWU and SMFR will produce low-magnitude changes in ROM

Practical applications

compared to a general warm-up.

Based on the results of this study, DWU should be recommended

Aside from its strengths, the current experiment presents some

over SMFR in order to achieve high neuromuscular performance

potential limitations. The first limitation is the small sample size.

levels (e.g., change of direction ability, sprint and jump actions)

For this reason, we should be careful when drawing any definitive

before training or matches. Both warm-up protocols were equally

conclusions as small samples are more prone to other hidden bi-

effective to enhance ROM and muscle flexibility, although their effects

ases, such as population stratification and cryptic relatedness, both

were of low magnitude when compared to a general and unspecific

of which may lead to increased type I error rates. A second limita-

warm-up.

tion is that we only studied the effect of including dynamic exercises or foam rolling in isolation, while both techniques may have

CONCLUSIONS

an additive or even synergistic effect on tennis specific performance.

The use of self-myofascial release likely will not offer performance

Future research should study the effects of applying DWU and

benefits during the warm-up section of a training routine or before

SMFR in combination and compare the benefits to other forms of

a tennis competition. However, both dynamic warm-up and the use

warm-up before exercise.

of self-myofascial release with foam rolling may be equally effective

In summary, the present study showed that a warm-up protocol

to increase hip ROM in high-performance tennis players, and perhaps

that includes dynamic exercises seems to be a better option to increase

they may be useful for workouts focused on enhancing muscle flex-

performance in some neuromuscular parameters with relevance for

ibility.

tennis performance. Specifically, the dynamic warm-up offered better enhancements of performance in agility/changes of direction ac-

Acknowledgments

tions and there were tendencies for better improvements in sprint

We would like to thank the participants for their participation in this

and jump actions. In this regard, high-performance tennis players’

project.

warm-up should include dynamic exercises, especially before high-

This study was partially funded by the Universidad Francisco de

demanding practices and competition. However, both dynamic warm-

Vitoria and Banco Santander via grants (UFV-2020/43).

REFERENCES
1. Lopez-Samanes A, Pallares JG,
Perez-Lopez A, Mora-Rodriguez R,
Ortega JF: Hormonal and neuromuscular
responses during a singles match in male
professional tennis players. PloS One
2018;13(4):e0195242.
2. Fernandez-Fernandez J, Sanz-Rivas D,
Mendez-Villanueva A: A Review of the
Activity Profile and Physiological
Demands of Tennis Match Play. Strength
Cond J. 2009;31(4):15–26.
3. Kovacs MS: Tennis physiology: training
the competitive athlete. Sports Med.
2007;37(3):189–198.
4. Ayala F, Moreno-Perez V, Vera-Garcia FJ,
Moya M, Sanz-Rivas D, Fernandez-Fernandez J: Acute and Time-Course
Effects of Traditional and Dynamic
Warm-Up Routines in Young Elite Junior
Tennis Players. PloS One.
2016;11(4):e0152790.
5. Fradkin AJ, Zazryn TR, Smoliga JM:
Effects of warming-up on physical
performance: a systematic review with
meta-analysis. J Strength Cond Res.
2010;24(1):140–148.
6. Edwards DA, Kurlander LS: Women’s
intercollegiate volleyball and tennis:

600

effects of warm-up, competition, and
practice on saliva levels of cortisol and
testosterone. Horm Behav.
2010;58(4):606–613.
7. Kilit B, Arslan E, Soylu Y: Effects of
different stretching methods on speed
and agility performance in young tennis
players. Sci Sports 2019;
34(5):313–320.
8. Bishop D: Warm up II: performance
changes following active warm up and
how to structure the warm up. Sports
Med. 2003;33(7):483–498.
9. Romero-Moraleda B, Gonzalez-Garcia J,
Cuellar-Rayo A, Balsalobre-Fernandez C,
Munoz-Garcia D, Morencos E: Effects of
Vibration and Non-Vibration Foam Rolling
on Recovery after Exercise with Induced
Muscle Damage. J Sport Sci Med. 2019;
18(1):172–180.
10. MacDonald GZ, Penney MD,
Mullaley ME, Cuconato AL, Drake CD,
Behm DG, Button DC: An acute bout
of self-myofascial release increases
range of motion without a subsequent
decrease in muscle activation or force.
J Strength Cond Res 2013;
27(3):812–821.

11. Naderi A, Rezvani MH, Degens H:
Foam Rolling and Muscle and Joint
Proprioception After Exercise-Induced
Muscle Damage. J Athl Train. 2020;
55(1):58–64.
12. Healey KC, Hatfield DL, Blanpied P,
Dorfman LR, Riebe D: The effects
of myofascial release with foam rolling
on performance. J Strength Cond Res.
2014;28(1):61–68.
13. Behara B, Jacobson BH: Acute
Effects of Deep Tissue Foam Rolling
and Dynamic Stretching on
Muscular Strength, Power, and
Flexibility in Division I Linemen.
J Strength Cond Res. 2017;
31(4):888–892.
14. Okamoto T, Masuhara M, Ikuta K:
Acute effects of self-myofascial release
using a foam roller on arterial function.
J Strength Cond Res. 2014;
28(1):69–73.
15. Richman ED, Tyo BM, Nicks CR:
Combined Effects of Self-Myofascial
Release and Dynamic Stretching on
Range of Motion, Jump, Sprint, and
Agility Performance. J Strength Cond
Res. 2019;33(7):1795–1803.

Effects of two different warm-up strategies in tennis physical performance
16. Peacock CA, Krein DD, Silver TA,
Sanders GJ, KA VONC: An Acute Bout
of Self-Myofascial Release in the Form
of Foam Rolling Improves Performance
Testing. Int J Exerc Sci. 2014;7(3):202–
211.
17. Smith JC, Pridgeon B, Hall MC: Acute
Effect of Foam Rolling and Dynamic
Stretching on Flexibility and Jump
Height. J Strength Cond Res. 2018;
32(8):2209–2215.
18. Gallo-Salazar C, Areces F, Abian-Vicen J,
Lara B, Salinero JJ, Gonzalez-Millan C,
Portillo J, Munoz V, Juarez D, Del Coso J:
Enhancing physical performance in elite
junior tennis players with a caffeinated
energy drink. Int J Sports Physiol
Perform. 2015;10(3):305–310.
19. Lopez-Samanes A, Moreno-Perez D,
Mate-Munoz JL, Dominguez R,
Pallares JG, Mora-Rodriguez R,
Ortega JF: Circadian rhythm effect on
physical tennis performance in trained
male players. J Sports Sci. 2017;
35(21):2121–2128.
20. Thompsen AG, Kackley T, Palumbo MA,
Faigenbaum AD: Acute effects of different
warm-up protocols with and without
a weighted vest on jumping performance
in athletic women. J Strength Cond Res.
2007;21(1):52–56.
21. Moreno-Perez V, Soler A, Ansa A,
Lopez-Samanes A, Madruga-Parera M,
Beato M, Romero-Rodriguez D: Acute
and chronic effects of competition on
ankle dorsiflexion ROM in professional
football players. Eur J Sports Sci. 2020;
20(1):51–60.
22. Cheatham SW, Stull KR: Comparison of
Three Different Density Type Foam
Rollers on Knee Range of Motion and
Pressure Pain Threshold: A Randomized
Controlled Trial. Int J Sports Phys Ther.
2018;13(3):474–482.
23. Bosco C, Luhtanen P, Komi PV: A simple
method for measurement of mechanical

power in jumping. Eur J Appl Physiol.
1983;50(2):273–282.
24. Lopez-Samanes A, Perez-Lopez A,
Moreno-Perez V, Nakamura FY,
Acebes-Sanchez J, Quintana-Milla I,
Sanchez-Oliver AJ, Moreno-Perez D,
Fernandez-Elias VE, Dominguez R:
Effects of Beetroot Juice Ingestion on
Physical Performance in Highly
Competitive Tennis Players. Nutrients
2020;12(2).
25. Gallo-Salazar C, Del Coso J, Barbado D,
Lopez-Valenciano A, Santos-Rosa FJ,
Sanz-Rivas D, Moya M, Fernandez-Fernandez J: Impact of a competition
with two consecutive matches in a day
on physical performance in young tennis
players. Appl Physiol Nutr Metab. 2017;
42(7):750–756.
26. Cejudo A, Sainz de Baranda P, Ayala F,
Santonja F: Test-retest reliability of seven
common clinical tests for assessing lower
extremity muscle flexibility in futsal and
handball players. Phys Ther Sport.
2015;16(2):107–113.
27. Lakens D: Calculating and reporting
effect sizes to facilitate cumulative
science: a practical primer for t-tests and
ANOVAs. Front Psycho. 2013;4:863.
28. Carvalho FL, Carvalho MC, Simao R,
Gomes TM, Costa PB, Neto LB,
Carvalho RL, Dantas EH: Acute effects
of a warm-up including active, passive,
and dynamic stretching on vertical
jump performance. J Strength
Cond Res.2012;
26(9):2447–2452.
29. Wilke J, Vogt L, Banzer W: Immediate
effects of self-myofascial release on latent
trigger point sensitivity: a randomized,
placebo-controlled trial. Biol Sport.
2018;35(4):349–354.
30. Wiewelhove T, Doweling A, Schneider C,
Hottenrott L, Meyer T, Kellmann M,
Pfeiffer M, Ferrauti A: A Meta-Analysis
of the Effects of Foam Rolling on

Performance and Recovery. Front
Physiol. 2019, 10:376.
31. Kovacs MS: Movement for Tennis: The
Importance of Lateral Training. Strength
Cond J. 2009;31(4):77–85.
32. Girard O, Millet GP: Physical
determinants of tennis performance in
competitive teenage players. J Strength
Cond Res 2009;23(6):1867–1872.
33. Perrier ET, Pavol MJ, Hoffman MA: The
acute effects of a warm-up including
static or dynamic stretching on
countermovement jump height, reaction
time, and flexibility. J Strength Cond Res
2011;25(7):1925–1931.
34. Ryan ED, Everett KL, Smith DB,
Pollner C, Thompson BJ, Sobolewski EJ,
Fiddler RE: Acute effects of different
volumes of dynamic stretching on vertical
jump performance, flexibility and
muscular endurance. Clin Physiol Funct
Imaging 2014;34(6):485–492.
35. Turki O, Chaouachi A, Behm DG,
Chtara H, Chtara M, Bishop D,
Chamari K, Amri M: The effect of
warm-ups incorporating different volumes
of dynamic stretching on 10- and 20-m
sprint performance in highly trained male
athletes. J Strength Cond Res 2012;
26(1):63–72.
36. Schleip R, Fascial plasticity a new
neurobiological explanation Part 1.
J Bodyw Mov Ther 2003;7(1):11–19.
37. Schleip R, Fascial plasticity new
neurobiological explanation Part 2.
J Bodyw Mov Ther 2003;
7(2):104–116.
38. Su H, Chang NJ, Wu WL, Guo LY,
Chu IH: Acute Effects of Foam Rolling,
Static Stretching, and Dynamic Stretching
During Warm-ups on Muscular Flexibility
and Strength in Young Adults. J Sport
Rehabil. 2017;26(6):469–477.

Biology

of

Sport, Vol. 38 No4, 2021

601

