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Abstract

A series of exercises with the use or not various
instruments is applied before soccer players warm-up.
The aim of this study was to examine the effect of these
exercises in combination with classic soccer warm-up
on ROM and jumping ability performance. Sixteen
(n=16) semi-professional soccer players executed two
warm-up protocols. The control protocol (CONTROL)
was the classic soccer warm-up and the experimental
one (EXPER) included pre-warm-up actions using foam
static neuromuscular  control

rolling, stretching,

exercises on unstable surfaces and muscle activation
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exercises accompanied by the classic warm-up of soccer
players. The participants executed hip flexion Range of
(ROM)
Countermovement Jump with Arm Swing (CMJAS).

Motion measurement and two
Two-Way ANOVA revealed significant main effect of
“time” on ROM (p<0.05) in both protocols, but no
differences on CMJAS (p=0.10). Results show that pre-
warm-up actions do not add further benefit in
performance in ROM and CMJAS in relation to classic

soccer warm-up.
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1. Introduction

Warm-up in various sports in general, but also more
specific in soccer, is a process that prepares the athlete
for the requirements of training or competition [1],
through a variety of mechanisms related to body
temperature or other independent from it [2]. The
structure of a typical soccer warm-up consists of the
general part, muscle stretching and the specific part
which includes actions and movements related to the
sport [3], while its duration ranges between 25 and 30
minutes [4], although recent research suggests shorter
warm-up [5]. In recent years, with the rapid soccer
development but also the more detailed study by the
research community, coaches and fitness experts in
soccer use various exercises that are performed, mainly,
in the gym (pre warm-up actions) with various
instruments (Foam Rollers-FRs, BOSU ball, resistance
elastic bands, etc.) [6, 7, 8], functional exercises [9] or
even special warm-up programs , such as FIFA 11+ and
Harmoknee [10, 11] in order to optimize performance in
fitness skills such as flexibility (ROM) and lower limb
power (jumping ability) . These exercises replace part or
all of the general warm-up in soccer. There is growing
interest in studying the acute effect of FRs on the lower
extremities ROM, either individually or in combination
with stretching [12, 13, 14, 15, 16]. Although Skarabot
et al.[16] did not show an improvement in ankle
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dorsiflexion after the application of 3 sets of X 30 sec
FRs in the gastrocnemius, they recorded a significant
improvement of 9.1% after a combination of FRs with
static stretching of a total duration of 3 minutes (90 sec
FRs and 90 sec static stretching). Similarly, Kyranoudis
et al. [12] found improvement in hip flexion ROM after
the application of a combined program of 10 seconds
static stretching and 30 seconds FRs in the lower
extremities. Improvement in lower extremities ROM
can be observed even after the application of core
stability exercises which are similar, in terms of body

positioning, with those of FRs [6].

The power of the lower extremities, as expressed by the
players’ jumping ability, seems to show conflicting
results after the application of individual exercises or
instruments [6, 12, 17, 18], mainly due to the different
intervention protocols, participants, but also the
different tests used [19]. Kyranoudis et al. [12] recorded
significant improvement in the countermovement jump
with the hands in the hip (CMJ) by 3.8% after a
combination of static stretches lasting 10 seconds and
FRs 30 seconds in the lower extremities muscles, but no
improvement in the countermovement jump with arm
swing (CMJAS). Andersen et al. [17] recorded an
improvement in women's handball athletes in lower
limb power compared to the control group, both in CMJ
(10% vs -2%) and CMJAS (10% vs -6%) after a 6-
exercises program with elastic bands resistance (3 sets
X 6-10 explosive repetitions) performed 3 times a week
for 9 weeks. Finally, Healey et al. [6] did not record
significant differences in CMJAS after core stability and
FRs exercises. The technique of jump with the arms
swing (CMJAS) is similar to the technique of jump
preparation for heading in soccer. Jump performance is

greater when the hands are used in relation to the CMJ
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and this difference exceeds 10% [20]. However, to the
authors’ knowledge, there is little research on the
evaluation of CMJAS in soccer after a comprehensive
soccer warm-up [21]. At the same time, although there
is extensive research on ROM evaluation, there does not
appear to be relevant research on the effect of a
combination warm-up program, which includes pre-
warm-up actions performed in combination rather than
individually, with the classic warm-up followed by
fitness soccer experts. The purpose of this study was to
examine the effect of a warm-up program that included
pre-warm-up actions using foam rolling, static
stretching, neuromuscular control exercises on unstable
surfaces and muscle activation exercises accompanied
by the classic warm-up of soccer players on ROM and

lower limbs power.

2. Materials and Methods

2.1 Participants

Sixteen (n=16) male soccer players (age: 22,06 + 3,27
years, height: 176 + 0,72cm and weight: 74,14 + 7,62
kg) from the 3 Greek Division participated voluntarily
in this study. They had no recent musculoskeletal
injuries or any medication, they participated in, at least,
four training sessions/week, 90 min each and in one
game/week. Participants were informed, in writing, of
the purpose of the study and signed the consent form for
their participation in the research. The study was
approved by the university’s institutional review board
and ethics committee. All the procedures were in

accordance with the Helsinki’s declaration.

2.2 Experimental process
The process included four visits to the field. On the first
day, the anthropometric measurements and the

familiarization with the protocols were made. Two days
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later the participants performed the baseline
measurements and randomly divided into 4 different
groups of 4 players each, for the most effective control
of process. The next two visits, which were 72 hours
apart, included protocols’ execution. Participants
performed the protocols in two groups, but always at the
same hour of the day. One group performed the
(EXPER) that included the

program with pre-warm-up actions performed in the

experimental protocol
gym followed by the specific part of classic warm-up on
the field, lasting a total of about 22 minutes, and the
group protocol
(CONTROL), which included only warm-up on the
FIELD, lasting about 26 minutes. The other two groups

other performed the control

followed. On the fourth visit, the groups performed the
opposite protocol. When one group performed pre-
warm-up actions, the other group remained inactive and
as soon as the first group completed the exercises, they
started warming up on the field together (CONTROL).
The experimental design was implemented in a field
with natural grass and the ambient temperature was
25.5° C + 1.4° C, the relative humidity 65.8 + 10.7%

and the air 2.3 £1.2 m/ sec .

2.3 Protocols’ description
The (EXPER) protocol initially included FRs exercises
in the lower limbs muscles (quadriceps, hamstrings,
gastrocnemius, abductors and adductors) for 30 sec.
both

simultaneously for 30 sec in quadriceps, hamstrings,

Participants  performed rolling on legs
gastrocnemius using a larger Foam Roller (Power Force
FR 60x14cm- BR-2010), while in abductors and
adductors they performed for 30 sec alternately on each
leg with smaller Foam Roller (Amila 33x13cm, FR-
48197). After completing the FRs, they performed 10

sec static stretching alternately on each leg in the
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quadriceps, hamstrings, gastrocnemius and adductors
and then "planking™ for 20 sec (prone, supine and both
sides planking). Participants then performed dynamic
leg crossings over 5 hurdles, resistance bands exercises
for quadriceps, hamstrings, gastrocnemius, adductors
and peroneus for 15 repetitions per leg and completed
pre-warm-up actions with BOSU exercises (balance,
alternative leg lifts and half-squats). After a 1 min
break, participants performed the warm-up on the field,
starting by playing passes each other in pairs,
performing gymnastic exercises, dynamic stretching and
coordination exercises. This was followed by 3 sets of 1
min Small Sided Games (4v4) in a 25x20m area with 30
sec break between them, 4 minutes of technical and
tactical exercises and the protocol completed with 4
sprints of 5m each in a straight line and with change of
direction. The detailed description of the protocols (not
included breaks) is shown in Table 1. Two minutes after
the completion of warm-up protocols the participants
were measured in hip flexion ROM and immediately
after, they executed 2 CMJAS with 30 sec break

DOI: 10.26502/fapr0013

between them. The measurement of hip flexion was
done with the Myrin goniometer (Lic. Rehab. 17183
Solna, Sweden), while the OptoJump photoelectric cells
system (Microgate, Bolzano, Italy) was used for the
CMJAS. The description of the test is mentioned in our

previous study (Kyranoudis et al, 2019).

2.4 Statistical analysis

All results are reported as mean + SD and seem in Table
2. Two-Way repeated measures ANOVA were used for
the statistical analysis. The level of significance was set
as p <0.05. Jamovi 1.2.17 software was used for

statistical analysis [22].

3. Results

ANOVA analysis of variance did not show a significant
interaction between two factors (program X time) in
both variables (ROM: F1.15 = 3.97, p = 0.06 and
CMJAS: F1.15 = 2.14, p = 0.16). A significant main
effect of the "time" factor, however, was observed only
in ROM (F1.15 = 20.98, p <0.001) (Figure 1).

Exercises Repetition (rep) Duration
Foam Roller 30 sec/leg 7 min
Static Stretching 10 sec/leg 1 min
Planking (“bridges™) 20 sec 2 min
Dynamic passages of the hurdles 5 rep/leg 2 min
Resistance elastic bands 15 rep/leg 3 min
BOSU: Balance 15 sec/leg 4 min
Alternative leg lifts 10 repl/leg
Half-squats 12 rep
Passing 3 min
Gymnastic exercises in movement 3 min 20 sec
Dynamic stretching 4 min
Coordination 3 min 30 sec
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Small Sided Games 4v4 4 min
Technical and tactical exercise 4 min
Sprints 90 sec
Total duration EXPER ~48 min
Total duration CONTROL ~26 min

Table 1: Protocols’ description. The whole protocol concerns the EXPER warm-up program, while the bold letters

concerns the CONTROL.
ROM CMJAS
Group Pre After Pre After
EXPER 99.7+11.7 108 + 8.6* 41.2+5.45 41+45
CONTROL 99.7+11.7 112 +11.8* 41.2+5.45 39.7+5.7

Table 2: Results for hip flexion Range of Motion (ROM) and Counter Movement Jump with Arms Swing
(CMJAS)(means £ SD). *p<0.05.

ROM

CMIAS

TIME

TIME

wu
EXPER
== CONTROL

WU
EXPER
= CONTROL

Figure 1: Means and SD in hip flexion Range of Motion (ROM) and Counter Movement Jump with Arms Swing
(CMJAS). * p<0.05.
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4. Discussion

The results of the present study showed that the warm-
up that includes exercises using or not various
instruments (pre-warm-up actions) is used by fitness
soccer experts as part or by completely replacing the
general part of the warm-up, in combination with the
specific part of classic warm-up does not offer any
additional benefit in relation to its classic form on hip
flexion ROM and CMJAS.

Hip flexion ROM appears to be positively affected by
the application of both warm-up protocols. Mechanisms
related to body and muscle temperature have been
reported to improve performance after warm-up [2].
Increased body temperature observed after the
completion of two active warm-up protocols combined
with the increased heart rate of the participants (82%),

probably led to an improvement in hip flexion ROM.

According to Bishop [2], active warm-up leads to
muscle stiffness reduction due to the constant
movement of muscles. This results in the stable bonds
of actin-myosin filaments’ breakdown, which may be
present due to immobility, leads to an increase in ROM.
At the same time, a decrease in muscles viscosity is
observed after the use of FRs, which helps to release
stiff muscles tension and the fascia that surrounds them
[6, 23], due to increased blood flow to the soft tissues,
thus leading to an increase in ROM [13]. However, FRs
use contained only one warm-up protocol (EXPER).
The content of the second protocol (CONTROL),
however, included exercises in which participants were
in constant motion (gymnastic exercises, dynamic
stretching, Small Sided Games, technical and tactical
actions and sprints), which may helped to improve hip

flexion ROM, due to body temperature maintaining at
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high levels, as shown by the temperature and Heart Rate
measurements of the participants after the end of warm-
up protocols. At the same time, the use of dynamic
stretching included in the specific part of both warm-up
protocols, seems to have positively affected the

performance in hip flexion ROM [24].

In contrast, no significant difference (positive or
negative) was observed in the CMJAS jump height after
the two warm-up protocols application. This finding is
in agreement with previous studies [6, 12, 25]. Jones et
al. [25] did not show a significant change in CMJAS
after different warm-up protocols, as, also, Healey et al.
[6] after 30 sec FRs in the lower limbs muscles.
Similarly, Kyranoudis et al. [12] did not find a
significant difference in jump height in their research
when they applied 30 sec FRs and 10 sec static
stretching to the lower extremities muscles of amateur

soccer players.

The

measurements before and after two protocols may be

lack of significant differences between the

due to the fatigue of the players. An important factor
likely to increase performance after warm-up is Post-
Activation Potentiation (PAP) [2]. It is known that high-
intensity actions, such as sprints and maximal voluntary
contractions [26], as well as dynamic stretches [27] can
introduce PAP. On the other hand, PAP and fatigue
coexist in skeletal muscle [28] as any muscular action
can activate both of these mechanisms. The content of
the stimulus can determine which of two mechanisms
will prevail. In increased exercise volume, fatigue
appears to predominate over PAP [28]. In the present
study, the total duration of EXPER was approximately
48 minutes and that of CONTROL was 22 minutes. It is

possible that the footballers reached a state of fatigue
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with the result that the performance in explosive
actions, such as jumping, was reduced [29]. Zois et al.
[21] also report similar fatigue in their study, in which
the duration of classic warm-up was 23 minutes versus
only 12 minutes of warm-up that included only Small
Sided Games, which probably introduced more fatigue
and suspended the central and peripheral mechanisms
responsible for muscle contraction [21]. Also, the time
between stimulus and test is considered an important
factor in PAP introduction. Gouvea et al. [30] report
that a period of 8-12 minutes between stimulus and
jump test is considered to be able to improve jump
performance. However, in the present study, the jumps
were performed 3-4 minutes after the completion of the
protocols, with the result fatigue probably prevailed
over the PAP.

Performance in arm swing jump is higher than the one
with hand in the middle [20]. Hara et al. [31] report that
66% of the total jump height increase comes from the
lower limbs joints and the rest from the upper
extremities. Thus, the role of arms in CMJAS s
considered important, as its movement store extra
energy in the descend phase of jump when the trunk tilts
forward [31] and transfers this energy to the rest of the
body during the last stages of the jump. This energy
comes mainly from the shoulders and elbows, while
additional work is done on the hips [32]. Because there
was no hands or shoulders intervention in any protocol,
it is possible that they did not work in addition to jump
performance and therefore no significant differences in
jump height were observed after the CMJAS test.

5. Conclusions

Coaches and soccer fitness experts apply exercises,

using or not various instruments, before players warm
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up on the field, either as part of general warm-up
section, or by replacing this, in order to increase
footballers’ performance. From the present study
results, however, there does not seem to be any
additional improvement in the hip flexion ROM
performance and jumping ability, as expressed by
CMJAS, in relation to the classic soccer warm-up.
Shorter warm-up, possible modification of the range of
exercises and activation of the upper limbs, but also
longer recovery time after the end of the warm-up may
have better effect on the above physical performance

abilities.
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