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Materials and Methods: Thirty male amateur futsal players were randomly divided into
control and plyometric groups. All participants went through 15 minutes of standard warm-up
activity, and then they were asked to perform the tests. The athletes of the plyometric group
also completed three rounds of plyometric jumps and then were assessed 3, 10, 15 and 20
minutes after the warm up. The athletes of the control group were evaluated 3, 10, and 15
minutes immediately after the standard warm-up activity.

Results: The study findings indicated an overall improvement in balance and vertical jump

:  scores of amateur futsal players following plyometric exercises (P<0.05). However, there was

Keywords: no significant effect on athletes’ speed. Speed, vertical jump, and balance did not significantly
Plyometric exercise; change in the control group.

postactivation potentiation;

Conclusion: Vertical jump and balance ability may improve immediately after plyometric
athletic performance; futsal

exercises. Further studies are necessary to reassess speed test results.
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1. Introduction

ootball is the world’s most popular sport,

with nearly 200000 professional players

and around 240 million amateur players in

different levels of competition [1]. Futsal

is a type of football played indoors and on
a smaller field. This sport has also attracted a lot of fans
all over the world [2]. Nevertheless, the rate of futsal-
related traumas is among the 10 top-rated risky sports
with the highest injuries [2]. For instance, one study
reported 55.2 injuries per 1000 hours of futsal playing
[3]. Furthermore, these futsal-inflicted traumas result in
undesirable outcomes, including accelerated osteoarthri-
tis [4], different types of injuries in the muscle-tendon
area [5], ligament injuries [6], cartilage injuries [7], loss
of physical activity [8], and higher recurrent injuries [9].
However, activities resulting in a higher level of fitness
can considerably reduce the probability of injuries and
serve as a beneficial tool for the professional career and
post-career period of the athletes.

Several training exercises could generate Acute Short-
Term (AST) effects [10]. In this respect, if AST increases
the strength performance, as a form of response to the
voluntary muscular activity, it can be regarded as Post-
activation Potentiation (PAP) [11]. Usually, PAP occurs
due to the excitation in the central nervous system. It can
vastly enhance the contractile function due to a heavy
conditioning stimulus [12]. Furthermore, the practical
strategy used to investigate PAP mainly involves per-
forming a maximum or sub-maximum and dynamic or
static strength exercises [13, 14]. In this regard, plyomet-
ric muscular movements might be able to initiate rapid
muscular strength potentiation [15, 16]. A group of re-
searchers strongly believe that plyometric training im-
proves the power and dynamic performance of athletes;
in particular, it may result in stretch-shortening cycles
and enhanced movement speed [15].

Moreover, the implementation of this training highly
refines the coordination and synchronization of muscle
movements, especially at the time of performing simple
motor execution tasks in a match [15, 17]. Several stud-
ies have pointed out that fatigue and PAP coincide after
exposure to a conditioning stimulus, which provides a
balance between PAP and fatigue. This status essen-
tially determines the effects of performing an explosive
activity [18]. Prolonged exercises such as running may
weaken balance (muscle fatigue effect) [19], but it is still
unclear how a short and intense exercise such as plyo-
metric one may affect balance.
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The volume, variety, and intensity of the condition-
ing stimulus may substantially affect the relationship
between potentiation and fatigue [20]. Therefore, ath-
letes must take full advantage of the PAP phenomenon
in their training practices [20]. In some sports such as
futsal or football, sprints, and high jumps are required
many times both in training and during a game to acquire
the possession of the ball. Athletes are often expected to
perform these tasks repeatedly and at a relatively high
level. These abilities are significantly more troublesome
for non-professional athletes due to their poor physical
fitness. A condition that potentially increases the risk of
trauma during practices or games. Therefore, specific
exercises, which could immediately enhance the balance
and agility of the athletes before a competition, may re-
sult in a considerable decrease in the rate of trauma.

It should also be noted that amateur athletes with no
regular exercises cannot possibly improve their perfor-
mance. Thus, PAP can provide them with an alternative
way to enhance their balance, agility, and, ultimately,
their associated overall performance. Since the num-
ber of substitutions a team can make in a futsal game is
limitless, it is feasible to use several safe, effective, and
practical exercises during the short replacement time.
This strategy might even alter the course of the game.

The primary purpose of this study was to investigate
the effects of plyometric exercises on the speed, balance,
and vertical jump in male amateur futsal players.

2. Methods

This study was designed as a single-blinded random-
ized control trial to evaluate speed, vertical jump, and bal-
ance ability in amateur male futsal players. Participants
were randomly assigned to an experimental (plyometric)
and a control group. The volunteers in the control group
completed a regular warm-up, whereas the volunteers
in the experimental group completed a set of plyomet-
ric exercises after the warm-up. The effectiveness of the
plyometric exercises on volunteers’ speed, vertical jump,
and balance was evaluated before the warm-up and then
3, 8, and 11 minutes after the warm-up (for the control
group) and exercises (for the experimental group).

Thirty male amateur futsal players were voluntarily
recruited for this study. The Mean+SD age of the partici-
pants was 25.66+2.89 years in the plyometric group and
25.73+2.78 years in the control group. The participants
were fully informed about the study and were screened
for any significant medical history, specifically lower
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limb injury in the past six months. Besides, they signed
an informed consent form before the study.

The inclusion criteria were one session futsal practice
per week for at least one year. Their age must be be-
tween 20 and 30 years old, and only male futsal players
were accepted. The volunteers would be excluded from
the study if they suffered from lower limb injury, heart
disease, or personal problems.

Volunteers were randomly assigned to 2 groups after
ensuring that the entry criteria were met. Thirty futsal
players referred to the Heidarian Qom stadium in sum-
mer and fall 2018, were asked to choose a paper out of
the papers that contained numbers 1 and 2. Then, the
individuals who chose paper No. 1 were assigned to the
control group (n=15), and the rest were put together in
the plyometric group (n=15).

Two days before the initiation of the study, the partici-
pants took part in a practice session to be acquainted with
the procedure and the evaluation method. The researcher
provided detailed instructions to each volunteer. On the
evaluation day, the tests were repeated, where the candi-

Control group:
2 min

Warm up

2 min

assessment
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dates were allowed to complete the original test by yet
another reminder as to how they should be carried out.

At the beginning, the participants underwent a 15-min-
ute standardized warm-up activity (10 squats using two
legs, 10 squats using right and left legs, 10 forward lung-
es using right and left legs, 10 side lunges using right
and left legs, three stretches holding for 15 seconds and
resting for 5 seconds for hamstrings, quadriceps, calves,
abductors and adductors muscles) [21]. After three min-
utes of rest, all outcome measures were determined be-
fore the exercises, and the data were subsequently col-
lected. The jump test and running time were recorded on
a 10-m walkway, and the Star Excursion Balance Test
(SEBT) was then performed and recorded for the domi-
nant leg (Figure 1).

The vertical jump and SEBT were repeated three
times, and the obtained data were recorded. Next, each
volunteer in the experimental group conducted the
plyometric exercises under the supervision of a thera-
pist supervised. The plyometric exercises included two
sets of 10 ankle hop (Figure 2), three sets of 5 hurdle
hops (Figure 3), and two sets of 5 drop jumps (Figure 4)
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rest assessment
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Figure 1. Research framework
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Table 1. Mean+SD test values obtained after 3, 8, 11 minutes of plyometric exercises in the plyometric group

T MeantSD
Direction
Fscore (P Seforebrerche  p erawe  Aftrthe b Aferthe ercee
22’2;‘?882) 92.2649.30 97+9.35* 96.66+10.82 96.20+13.22
Agfj;"(ggii)a' 92.40£9.25 96.33+8.41* 96.73+7.87 96.539.61
7.gﬂse((gi)lo) 86.26£9.17* 91.26+11.37* 93+11.77* 93.73+12.40*
ngfl’r(‘z)’%%‘g)"’" 82.46+12.47 88.53+11.66* 88.53+12.63 88.73+13.15
9f§;t(eor_i85) 74.53+14.29 80.60+14.12* 83+13.75* 83.40+15.07*
P:jgr(ca%tggi;l 72.86+12.63 76.53+13.97 77.40+13.55 80.33+16.38*
9.;??(;%'0) 63+16.02 68.93+17.39* 72.40+17.32* 71.13+16.41
Q.gtgi?ggefgi 76.9346.92 79.339.34 79.86+10.58 79.60£9.76
* P<0.05 JVIR

with 15 seconds rest between each set. Also, there was a
15-second rest between each type of jump. Three, 8, and
11 minutes after the last jump, the outcome measures
were re-evaluated, and data were recorded. These time
records were obtained from other conducted studies (22,
6, 11, and 23). The warm-up procedure was performed
in a similar way for the control group, and the outcome

measures were evaluated 3, 10, and 15 minutes after the
rest. In the vertical jump record, the participants should
jump three times, and the highest jump was recorded as
their approved jump score (the distance between jumps
and standing reach). In the SEBT record, the partici-
pants were marked in all eight directions, repeating the
procedure three times, while a laser meter was used to

Table 2. Mean+SD values of the tests at 3, 10, 15 minutes after warm-up in the control group

Time MeanSD
Direction
F Score (Pv) Three Minutes After the Ten Minutes After the Fifteen Minutes After the
Warm-Up Warm-Up Warm-Up
Anterior
0.22 (0.74) 98.86+6.20 98.06+6.38 98.33+8.09
Anteromedial 95.66+2.08 94.9351.84 96.0642.95
0.60 (0.55) 06x2! .93+1. 0642,
Medial
0.29(0.74) 85+14.27 85.20+16.58 86+15.79
Posteromedial o
4.23(0.03) 81.06+12.87 80.53+15.84 84.20+13.89
Posterior
0.84 (0.4) 79.80+9.88 77.73+13.53 78.40+12.81
Posterolateral
0.31(0.7) 75.80+9.97 76.60+12.35 77.33+14.94
Lateral .
4.42 (0.02) 72.60+13.55 76.20+13.52 74.33+15.17
Anterolateral 82.66+7.43 T~ 46,2047 63+
5.02 (0.01) O0= .20ts. .2047.
*P<0.05 JVIR

Zekri N, et al. Effects of Plyometric Exercises on Amateur Futsal Players. JMR. 2019; 13(4): 229-236.




Journal of

Modern Rehabilitation

1

JMR

measure the distance between the marked point and the
center of the star.

Figure 2. Ankle hop exercise

Statistical analyses are presented as Mean+SD. Anal-
ysis of Variance (ANOVA) in repeated measure design
was conducted to compare the jump height, speed, and
balance separately to evaluate the intergroup differences
between pre- and post-exercise time points. The level of
substantial significance was determined at P<0.05. The
Bonferroni correction can be used when a significant
main effect was observed. The independent t test was
performed to compare the variables between the control
and plyometric groups.

3. Results

The Mean+SD Body Mass Index (BMI) of the partici-
pants was 23.34+3.18 kg/m? in the plyometric group, and
25.4+3.21 kg/m? in the control group and the Mean+SD
length of the lower limb was 92.4+6.94 cm in the plyo-
metric group and 93.65+3.9 cm in the control group.

Speed. There were no significant differences between
pre- and post-plyometric exercises (F,,,=1.37, P>0.05)
and at 3, 10, and 15 minutes after warin—up in the con-
trol group. In comparison, there were no significant
differences between the first (P<0.05, t=0.283), second
(t=0.240, P>0.05) and third (t=0.329, P>0.05) times of
assessments for speed parameter.
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Vertical jump. Using the Bonferroni correction, we
could establish significant differences between pre- and
post-plyometric assessments at 3, 8, and 11 minutes af-
ter the exercises in the experimental group (F, ,,=3.39,
P<0.05). Moreover, adjusted pairwise comparison indi-
cated that jump height before plyometric exercises was
significantly lower than those in all other time points.
The mean difference between jump height before the
plyometric exercise and the values at 3, 8, and 11 min-
utes after plyometric exercises were 2.84 cm, 1.8 cm,
and 1.97 cm, respectively.

Figure 3. Hurdle hop exercise

There was no significant difference between the
jump height achieved at 3, 10, and 15 minutes after the

Zekri N, et al. Effects of Plyometric Exercises on Amateur Futsal Players. JIMR. 2019: 13(4): 229-236.

231




October 2019, Volume 13, Number 4

SN

JMR

warm-up in the control group (P>0.05). In comparison,
there were no significant differences between the first
(P<0.05, t=0.786), second (P<0.05, t=0.679), and the

Figure 4. Drop jump exercise
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Figure 5. Balance anterior direction results in groups
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third (P<0.05, t=0.306) times of assessments for vertical
jump tests in the groups.

Balance. After examining the Bonferroni’s correction
in 7 out of the 8 directions with the SEBT (anterior, an-
teromedial, medial, posteromedial, posterior, postero-
lateral and lateral), we found a significant difference
between the recorded data of pre- and post-exercise. It
was observed that the Mean+SD values changed from 63
(6.92) to 97 (17.39), respectively, the highest and lowest
values recorded. Table 1 presents the Mean+SD values.

Three out of 8 directions of SEBT (posteromedial, lateral
and anterolateral) had a significant difference between the
recorded numbers in 3 times points in the control group.
Table 2 presents the Mean+SD values. Moreover, in
comparison to the first, second, and third balance tests,
significant differences were observed in 2 out of 8 direc-
tions, i.e., anterior (P>0.05, t(2) = 0.286) and anterolateral
(P>0.05,4(2)=0.186) in the first assessment while the rest
of the tests and directions did not reveal any significant
changes.

4. Discussion

This study was carried out to explore the effects of ply-
ometric exercises on speed, vertical jump, and balance
of male amateur futsal players. Our obtained results indi-
cated an overall improvement in the balance and vertical
jump scores of amateur futsal players after completing
plyometric exercises.

The key reason responsible for these alterations might
be the physiological reactions in the muscles following
plyometric exercises, where these exercises can alter the
level of performance with respect to the jump height and
balance of an athlete. Moreover, these variations can also
be attributed to the nature of plyometric movements. The
plyometric movements mainly provide the muscle-ten-

a7
96

o3 == Plyometric
9% Control

an Al Ml

Before 3Amin 10min 15min
Exs

JMR

Figure 6. Balance Anteromedial direction results in groups
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don unit with a pre-stretch and a physiological length-
tension curve to improve the ability of the muscle fibers
and thereby generating more tension and force.

Furthermore, plyometric exercises increase neuro-mus-
cular coordination by training the nervous system and
adopting more automatic movements during balance im-
provement activities [26]. As previously mentioned, the
PAP serves basically as a response to a conditioning stim-
ulus, which then elevates the level of motor performance
in athletes [18, 27]. It is widely believed that an increase
in the phosphorylation of myosin regulatory light chains
is the main reason for this motor performance elevation.
This phenomenon, in turn, makes them more sensitive to
myoplasmic calcium alterations and an increased level of
alpha motor neuron excitability [28]. Moreover, a plyo-
metric stimulus can induce equivalent levels of potentia-
tion after a significant resistance stimulus [29].

The findings of this research for the height of jump
were in favor of all identified previous research studies
[20, 30, 31]. On the contrary, the findings of the speed
test in the present study were inconsistent with the re-
sults of the previous studies [32, 33].

No significant improvement was observed with respect
to their speed after performing these exercises. The rea-
son for these little changes in speed test results might
be attributed to the type of plyometric training used in
the present study. We applied exercises with many ver-
tical jumps, which were more frequent compared with
the exercises with horizontal jumps. It seems that using
professional athletes with previous plyometric training
can alter the results of the study.

The former researchers considered longer distances
for their speed test (20 m). This difference might be the
reason for different results since longer distance might
physiologically add speed deceleration control for the
volunteers, which lead to shortening speed period for
them. However, in this study, shorter distances were
used to match with explosive running times during the
game [31, 34]. In previous studies, the speed test was
repeated on different and close days. This repetition may
alter the results.

Our main limitation for this study was the lack of Space
For Star Excursion Balance Test (SEBT). Our experi-
ence revealed that the existence of several star tests re-
duces the psychological ability of an athlete to break his
previous record. Furthermore, different types of floors
in a futsal hall can alter the speed test results in other
conducted studies.

October 2019, Volume 13, Number 4

5. Conclousion

Based on the present findings, it may be beneficial for
the amateur futsal players to perform these plyometric
exercises before a competition and or during the substi-
tutions rest period to enhance the ability of jump heights
and dynamic balance in a defined short period. The re-
sults of this study do not show any changes in the ath-
lete’s speed after performing the plyometric exercises.
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