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ability of soccer players.

jump.

Introduction

High-demand sports such as football, where
sudden turnovers and acute accelerations are essential,
and the athletic ability to reach relatively high levels
of strength and maximize its transfer to performance
are the critical elements [1], [2]. Training to enhance
a high acceleration power output increases the risk of
injuries and fatigue; many sports scientists and trainers
have focused on developing effective and healthy
Conditioning Programmers (CP). Ballistic Training is
a well-debated and developed CP (BT) that aims to
improve explosiveness by recruiting the maximal motor
units in the fastest possible velocity focusing on the
acceleration of the mass throughout the entire exercise
range of motion without the use of heavy ftraining
weights and oversized equipment [3], [4]. BT differs from
traditional strength exercises in that it has a concentric
acceleration phase, an eccentric deceleration phase,
and an amortization phase [5]. For instance, BT occurs
at the end of the task range of motion, such as when the
athlete throws the training object (e.g., a weighted ball
or a bar) in the space. Whereas literature has concluded
that exercise maximal power output development

BACKGROUND: The sequence of exercise-induced hormonal changes demonstrates the quantification of training
and competition loads and developing a sport-specific conditioning program.

AIM: The present study investigates the impact of ballistic exercises on biochemical variables and the muscular

METHODS: Participants were assigned randomly to two groups, including ten participants in each group, and
underwent a pre- post-intervention test, including growth hormone, somatomedin hormone, triple jump, and wide

RESULTS: The experimental group showed a significant increase in Growth by 43.56%, somatomedin by 6.99%,
Triple jumps by 18.65%, and Wide jump by 15.68% compared to the control group.

CONCLUSION: In conclusion, ballistic exercises improved growth and somatomedin hormone, triple jump, and wide
jump and thus enhancing biochemical variables and muscular ability.

is higher, when the propel training object into the air
incorporates traditional resistance training techniques.

Newton et al. were the first to investigate
the differences between traditional strength training
programs and BT. They reported that the BT bench throws
significantly affected averaged force-velocity performance
and peak velocity. Moreover, the bar accelerated up to
96% of the task range of motion during ballistic training,
resulting in greater peak bar velocities and muscle
recruitment to produce tension over a significantly longer
concentric phase. In addition to the necessary enhanced
peak power and averaged power production compared to
traditional resistance training exercises Newton et al. [6],
Fleck and Kraemer [7] demonstrated that muscle fibers
contract forcefully and quickly in ballistic training due to
muscle adaptation to work at high speed in a short period
of time before the movement stops whereas, traditional
strength training is required to perform with weight and
decelerate the tendency to return to the initial position.
Consequently, the action of the muscle fibers slows, and
muscle volume increases more than the performance
speed [7]. The dynamic interaction of mechanical,
hormonal, and metabolic stimuli is an assessment and
reference point for evaluating the acute development of
strength and power [8], [9], [10].
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Training-induced metabolic stimulus changes
result in elevated anabolic hormones release [11], [12].
Addressing a better understanding of these responses
on and BT interventions may provide an enhanced
experience of the stimuli process of the exercise
adaptations [13], [14], thus enabling the specialized
description of BT required for the Motor task. It has
been proven that the greater engagement of muscles
unites and groups to perform a task, the higher the
anabolic hormones released can be dedicated in the
blood [15], [16], [17]. In contrast, training adaptation
and the muscle’s mechanical output can be indicated
by the dynamic interaction of the mechanical, metabolic
stimuli, and hormonal responses. Through the analysis
of selected growth and somatomedin hormones, this
study aims to optimize the effect of BT in score players’
participants’ strength and power development.

Materials and Methods

Participants

Twenty volunteers were recruited in the
current study (age, 16.50 + 0.53 y, body mass, 68.80
1+4.58 kg, height, 174.50 £5.38 cm, and training age
4.20 + 4.00 kg/m?). Participants were excluded if they
suffered from metabolic disease or renal, pulmonary,
or cardiovascular problems. Before initiating any
testing or training session, written informed consent
was obtained from 20 players, who were then divided
equally into two groups, ten persons in each group of
the experimental and control groups. The Institutional
Review Board approved the study. Table 1 depicts the
physical characteristics of the two groups.

Table 1: Physical characteristics of subjects

Variables Age (years) Body mass (kg) Height (m) Training age (years)
Mean 16.50 68.80 174.50 4.20
SD 0.53 4.58 5.38 4.00

The biochemical responses testing

A complete physical examination was
performed, and blood was drawnfor routine biochemistry,
serum growth hormone, and somatomedin hormone.
Participants should not exercise or eat anything for
10 h before the test (unless specifically instructed to do
so for some of the dynamic tests); water is permitted.
Subjects may be asked to sit quietly for 30 min before
the test.

Training program

Participants were randomly categorized into
two groups, including ten participants in each group.
Before the onset of the study, none of the participants

had participated in any training for two months. For
10 weeks, the groups followed a training program of
four sessions per week, lasting 2 h after lunch. The
foundation period depends on body weight and weight
machines for 2 weeks and ballistic training for 8 weeks.
The duration of the training unit is from 90 to 120 min.
Ballistic exercise time in training units ranges from
20 to 30 min, depending on the number of repetitions
(8-12), groups (3—4), and rest intervals between sets
(2-3) min. Ballistic training intensity ranges between
40: 55% of the player’s maximum intensity; the training
program is used at the Intermediate (low-high) intensity.
Experienced physical education instructors supervised
each lab training session. Each subject’s repetition
maximum (1RM) was determined using existing
references. Twelve subjects had to perform a warm-up
set of 8-10 repetitions at 50% of their estimated
1RM, and they had to move to a warm-up set of 3-5
repetitions at 85% of their estimated 1RM. In addition,
they performed 1RM attempts over 4-5 trials separated
by 3 min rest intervals to determine squat 1RM. After
4 weeks of resistance training, 1RM was measured
again, and intensity was re-established.

Performance variables tests

The athletic performance of the participants
was measured by two field tests: The triple jump and
Wide jump test of each participant [18]. Devices and
tools: Tape - Cones/Dishes, Barriers, Swedish Seats,
Rubber, Gaiters, Rastametar, and Stopwatch.

Statistical analysis

Statistical analysis was carried out via the
Statistical Package for the Social Sciences (SPSS)
program 15.0. The data were expressed as mean +
standard deviation (SD) and “T” values. The significance
level was at 0.05.

Results

The descriptive characteristics of participants
are displayed in Table 1 (age, 16.50 + 0.53 years, body
mass, 68.80 + 4.58 kg, height, 174.50 £ 5.38 cm).

Table 2 compares pre-and post-testing
variables in terms of Growth hormone, Somatomedin
hormone, triple jumps, and wide jump between
experimental and control groups. An increase in growth
by 25.73%, somatomedin by 3.42%, triple jumps by
13.79%, and wide jump by 10.69% in the control group
versus increases in growth by 43.56%, somatomedin
by 6.99%, triple jumps by 18.65%, and wide jump
by 15.68% in the experimental group. According to
variables, the experimental group demonstrated better
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Table 2: Pre- and post-testing variables between experimental
and control groups

Variables Group Pre Post Change % (T) Value
Mean SD Mean SD

Growth, ng/mL Experimental 4.210 0.674 7.460 0.650 -43.56 8.101*
Control 3.810 0.730 5130 0636 -25.73

Somatomedin, experimental 325.70 29.333  350.20 32.652 -6.99 1.985*

ng/mL Control 316.20 12.308 327.40 15.889 -3.42

Triple jumps,  experimental 4.840 0.368 5950 0.283 -18.65 3.082*

m Control 4.750 0.362 5510 0.351 -13.79

Wide jump, m experimental 1.720 0.133 2.040 0.237 -15.68 1.875*
Control 1.670 0.137 1.870 0.160 -10.69

improvement statistically significant difference. Values
are means with p < 0.05 between variables for groups.

Discussion

The present study highlights the potential
beneficial effect of ballistic exercises on growth,
somatomedin hormone, triple jump, and wide jump for
soccer players. After 10 weeks of using the ballistic
training program, the experimental group outperformed
the control group in terms of growth hormone (43.56%),
somatomedin hormone (6.99%), triple jump (18.65%),
and wide jump (15.68%) compared to the control group.
Astudy by Fallo (1993) [19] demonstrated that resistance
exercises also increased testosterone hormone and
growth level. Furthermore, Mullington et al. (1996) [20]
illustrated that training volume and maximum intensity are
considered the most important factors affecting growth
hormone and somatomedin secretion. These results are
consistent with those of Hakkinen et al. (2002) [21] and
Kraemer et al. (1992) [22], that is, physical exercise is
associated with muscle growth and increased muscle
strength of the arms and legs its significant impact on
growth and testosterone hormone concentration [23].

Similarly, Jullien et al. (2008) [24] reported that
strength exercises significantly affect the strength of
soccer players under the age of seventeen. Bouagina
etal. (2022) [25] reported similar findings, demonstrating
the positive effect of ballistic training on the development
of physical variables and the improvement of the skill
level of the experimental group. Another study by Kilic
et al. (2019) [26] showed that the physical load resulting
from sports activities led to an increase in some
hormones, such as prolaktin and adrenocorticotrophin.
Rosendal et al. (2002) [27] demonstrated that intensive
physical training had a substantial influence on the IGF
system and its binding proteins, affecting trained and
untrained individuals differently.

These results agree with Sonksen P.H
(2001) [28] hypothesis that physical training is a primary
stimulant of somatomedin and growth hormones. It is
noteworthy that the amount excreted depends on the age
and training type, that is, when the training load increases,
so does hormone secretion, and it decreases when
physical effort stops. Kelly et al. (1990) [29] discovered a

similar relationship between GH, SM-C levels, and fithess
determined by maximum oxygen uptake prediction (vo2
max). There was a positive correlation between SM-C
plasma levels and density of bone minerals, which was
fitness-dependent. The decline in SM-C plasma levels
may be related to aging-related decreased fitness. The
ballistic training group outperformed the plyometric
training group in terms of developing basic skills and
physical components, which could be attributed to the
ballistic exercises used during the experiment. They
were based on accurate training bases and adhered to
the standardized training load variables. These exercises
put more strain on the muscles, the working joints, and
tendons. Therefore, the body gradually adapted to such
exercises by moving from less intense to more complex
and more intense exercises. Fagan [30]. The researcher
paid particular attention to the selection of exercises,
skill performance, and muscular work direction. In
addition, the researcher attributed that improvement to
the enhanced power of leg muscles and consequently
the skilled execution of the experimental group. The final
outcome revealed a significant increase in variables.

Ballistic exercises improved growth and
somatomedin hormone, triple jump, and wide jump for
junior soccer. Therefore, coaches should focus on the
type of training that enhances muscular ability through
daily training units and conduct more studies on different
samples according to gender, age, and athletic activity.

It is proposed that the ballistic training
directed at specific muscle groups can lead to physical
improvement through the high-speed performance
that forces the muscle to adapt to ballistic resistance
functionally. Holcomb et al. (1996) [31] and Christou
et al. (2006) [32] illustrated that ballistic resistance
programs improved power.

Similarly, Hong et al. (2014) [33] reported
that the muscle shortening cycle during training
should stimulate the regular muscular stretching
and shortening cycle. Furthermore, it should reflect
improvement in strength through adaptation of the
nervous system, as most sports movements involve the
stretching (extension) phase followed immediately by
the contraction phase [33].

Conclusions

Ballistic exercises improved growth and
somatomedin hormone, triple jump, and wide jump for
junior soccer. Therefore, coaches should pay attention
to the type of training that enhances muscular ability
through daily training units. Further studies should be
conducted on different samples based on gender, age,
and athletic activity.
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