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Abstract

Purpose: Athletic jumps are specific cyclically-acyclic movements that despite the good performance of the
techniques require from competitors a high level of motor, specific-motor and functional abilities. The
aim of this study was to examine the response effect of vertical and horizontal plyometric training on
explosive capacity and kinetic variables in long jump athletes.

The participants of this study were twenty professional jumpers (22.5 + 4.2 years; 178.4 £ 9.8 cm; 70.3
+ 7.6 kg) who were divided into two groups: experimental (plyometric training) and control (standard
training). They participated in the last track and field championship in country, moreover, three of
them participated in the last Asian games, and one athlete participated in the world track and field
championship. The experiments were conducted on June-July 2019 in twenty professional athletes. All
tests were performed after a standard warm up protocol. The place of camera was always determined
wisely around the jumping field to attain best photography. Organizing and controlling the imaging and
motor analysis processes were done by a biomechanics expert.

Post training results in experimental group showed more improvement in 30 m sprint, vertical jump,
horizontal velocity at take-off, and long jump completion, comparing the control group. Significant
between group differences in all variables were detected post training. No significant post training

Material:

Results:

improvements in flight time and take off duration were reported in control group.

Conclusions:

Vertical and horizontal plyometric training protocol was shown to be more effective in promoting

improvement in explosive capacity than kinetic variables.

be a key determinant of speed [6]. Subsequently, athletes
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Introduction
Athletic jumps are specific cyclically-acyclic

movements that despite the good performance of the
techniques require from competitors a high level of
motor, specific-motor and functional abilities. Also, all the
jumping disciplines contain appropriate morphological
profile of athletes (height, weight, BMI, age) that is
characteristic for it. It is usually said that the jumpers
are of high growth and relatively low weight, with long
legs, long and thin muscles, and the muscle structure is
dominated by white muscle fibers [1]. The long jump
is an athletic discipline of speed-strong character and
with triple jump it belongs to a group of remote jumps,
in relation to the trajectory of the body center it belongs
to the horizontal jumps [2, 3]. The speed of running start
is as important as the strength of the lower extremities
which give the final impetus bounce, so the result depends
on the speed, jumping ability and technique of movement
[4]. In top-level long jump athletes, capacity to quickly
produce and apply a significant sum of force is plays a
basic role [5]. It appears that the capability to arrange the
resultant force vector horizontally while accelerating may

© Amir Vazini Taher, Ratko Pavlovic, Shahram Ahanjan,
Iryna Skrypchenko, Marko Joksimovic, 2021
doi:10.15561/26649837.2021.0205

108

who are able to create enormous amounts of forces onto
the ground within the forward course (i.e., horizontal
plane) are more likely possible to attain more amounts
of speeds while accelerating [7]. In contrast, it has been
appeared that the switch from lower to higher speeds
attains in shorter support stage term with concomitant
increases in vertical peak force [8]. Long jump technique
is based on a natural and quite easy movement, where the
jumper strives for greater speed (horizontal component-
horizontal shot) which will convert the reflection to the
greater distance jump (ballistic curve-pitched shot). The
ratio of the horizontal component (speed of running start)
and vertical component (speed of reflection, flash) is
in relation 2:1. The effect of the horizontal and vertical
components directs the body so that an elevation angle
can be from 18°-26°. This means that the decreasing of the
angle (B) increases a result of movements (R) reducing the
elevation angle (o). Bearing all this in mind, a reflection
with the long jump should be executed at top speed and
to the limit only after the moment of verticals. Research
of some authors have confirmed the inverse relationship
of horizontal and vertical body centre ascent, ie. with
increasing horizontal speed decreases the vertical and
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vice versa [9, 10]. Many sports movements depend on
the high achievements gained in specific technical stages,
then it should be taken care of and developed to the top
level and possible level, for example in the jumping
movements into track and field sports the approaching
stage is the main stage and planned for achievement,
while in the running and throwing movements into track
and field games the stage of throwing or running is the
most important stage in these respects or events [11].
In all jumps there is an unwritten rule that every next
stage in the technique of execution is conditioned by the
previously performed step (accuracy of movement). Any
mistake made has a significant impact on the accuracy
of movement in the coming stages and the final result of
competitors [1]. The force-vector hypothesis has been
proposed to guide coaches and researchers in selecting the
most appropriate exercises and drills for each particular
stage of running. For case, Contreras et al. confirmed that
the horizontally-oriented hip-thrust is predominant to the
front squat to extend increasing speed over 20-m after a
short-term period (i.e., 6-week), which is possibly related
to the anteroposterior constrain vector utilized in this
process and can affect even motivation generation [12].
On the other hand, Kale et al. illustrated that, among a few
variables collected in vertical and horizontal bounced, the
drop hop stature is the most excellent pointer of speed
accomplished by a tip top sprinter all through a 100-m
sprint race [13]. Comparable comes about were gotten
in an arrangement of later examinations executed with
sprinters and competitors, affirming that the heading of
the resistance constrain vector relative to the body is
determinant in intervening adjustments to speed qualities
[14]. Be that as it may, in spite of the fact that a few of these
considers have been carried out utilizing vertical works
out performed at the ideal control zones (i.e., utilizing
loads able of maximizing control yield) [8], there’s a need
of investigating this subject with horizontally-directed
works outs (e.g., hip-thrust).The long jump consists of
4 phases: run phase, take-off phase, flight phase, and
landing phase [15]. Long jump performance depends on
not only a fast horizontal velocity at the end of the run-
up but also take-off technique and landing in the sandy
area. Successful long jump athletes take a good care of
these stages because they affect the distance of long jump,
especially, the run phase which is the first phase of the
long jump [15]. Each of these phases has its cinematic
specificity in terms of performance, which requires full
attention and concentration from the competitor. Running
start is the first phase in the structure of jumps, which
should provide a good starting speed of body flight (Vo),
respectively, to achieve the best transition of the maximum
speed in the best reflection of jumpers [4]. Precisely in this
combination and transition of maximum speed in the final
steps and reflection there is a part of the biggest secrets
of the success of top jumpers. Many jumpers use their
maximal speed of approach combined with technique
(optimal technique is used to achieve as bigger speed
while sprinting as possible and to bounce off as much as
possible) hoping to achieve the longest possible distance

[16]. Most of the speed and strength training exercises
that jump trainers recommend through their training
programs depend on weight. While some exercises do not
match the level of skill capability it seems from previous
researches that the use of different deep jump methods
(horizontal - vertical) for the purpose of developing the
physical capacity and biomechanical characteristics is
effective for athletes [17]. The present study provides
a period of horizontal and vertical plyometric exercises
(Drop Jumps) in the development of explosive capacity
and kinetic variables in professional long jump athletes.

Materials and Methods

Participants

The participants of this study were twenty professional
jumpers (22.5 + 4.2 years; 178.4 £ 9.8 cm; 70.3 £ 7.6
kg) who were divided into two groups: experimental
(plyometric training) and control (standard training).
They participated in the last track and field championship
in country, moreover, three of them participated in the last
Asian games, and one athlete participated in the world
track and field championship. Prior to the experimental
phase of study, athletes were briefed on the experimental
design and signed an informed consent form.

Study design

In this randomized controlled trial, the long jump
athletes in experimental and control groups performed
pretest and posttest examinations to determine the
effects of vertical and horizontal plyometric exercises on
explosive capacity and kinetic variables. The athletes in
experimental group were guided to perform plyometric
drills as following: Box Jumps, Hurdle hops, Double leg
“X” hop, Backward Throw, Ankle jumps, Ankle Hops,
Power Skips, Lateral Taps on a Ball, Jump and turn
180°, Standing Jump & Reach, Split squat jump, Single
leg zig-zag drill. The participants of control group were
training under a standard training protocol same as the
experimental group but with different drills. Some of
the drills they performed were: Full speed 30-50 meter,
Landing drills, Five stride jumps into pit, Take off drills,
Long jump approaches 4-8, Conditioning Circuits, Timing
and coordination, Pick on additional take off. In table 1
shows is pre training physical characteristics (table 1).

Measurements

Means, tools and devices used for this study are
mentioned as follows:

- Electronic stopwatch;

- Computer;

- Metal measurement tape;

- Wooden shutters with different heights;

- Different height barriers and boxes;

- Long jump field;

- Camera and stand.

The researchers prepared explosive capacity
kinetic variables tests as follows:

- 30 m sprint;

- Vertical jump;

- Standing long jump;

- Max vertical height;

and
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- Horizontal velocity at take off;

- Vertical velocity at take off;

- Flight time;

- Take off duration;

- Long jump completion.

Procedure

The experiments were conducted on June-July 2019
in twenty professional athletes. All tests were performed
after a standard warm up protocol. The place of camera
was always determined wisely around the jumping field
to attain best photography. Organizing and controlling
the imaging and motor analysis processes were done by a
biomechanics expert.

Training protocol

The training program aimed to develop the explosive
capacity of the athletes using the various jumps as one
of the modern methods used for the development of this
capacity. The exercises were performed at full speed, to
ensure that the endurance factor does not interfere with the
muscular ability. 60% to 80% of the maximum capacity of
the athlete were chosen for horizontal and vertical jumps.
The number of athletes in each group for warm up and
testing were 2-3 and the number of repetitions were from 6
to 12 times with an active rest (3 min between sets and 40-
90 seconds between repetitions). The whole program lasted
between 50-60 minutes for each athlete.

Statistical Analysis

IBM SPSS statistics version 22.0 package was used to
analyse data. The descriptive data is reported as means +
standard deviations and percentage of changes. Physical
characteristics before the intervention were tested for

Table 1. Pre training physical characteristics

difference between the groups with unpaired t-tests. Test
data was examined for normality with Shapiro Wilk test
and for homogeneity of variances with Levene’s test. If
normality of data was present a two way mixed analysis
of variance (factors: group, time, and interaction (group
vs. time)) was performed. Effect sizes estimates are given
in terms of partial eta-squared measures (n2p). where a
significant interaction effect was seen, post-hoc t-tests
were applied to decide the source of difference. The level
of significance for all measures considered at p<0.05.

Results

At baseline there was no significant difference
between two groups in any of the measured variables.
Test data was normally distributed in 7 out of the 9 tests
table 2. A mixed 2 * 2 multi-factorial ANOVA indicated
a significant interaction effect for 30 m sprint (F =54, p=
.00, n?p=.66)), vertical jump (F =12, p= .00, n*p=.31)),
standing long jump (F =38, p=.00, n?’p=.58)), max vertical
height (NA), Horizontal velocity at take-off (F =70, p=
.00, n?p=.72)), flight time (F =24, p= .00, n?*p=.47)),
take-off duration (F =15, p= .00, n?’p=.34)), long jump
completion (NA). No significant interaction effect was
found for vertical velocity at take-off (F =30, p= .01,
n?p=.56)). Further analyses with paired t-tests showed
significant within group differences between pre- and
post-tests in both groups for all variables. Effects sizes
varied from d=0.4 to 6.5. Changes in the experimental
group were significantly greater compared to the control
group for 30 m sprint, vertical jump, horizontal velocity at
take-off, and long jump completion.

. . . . Standard Skewness
Basic Variables Measuring unit SMA L. -
deviation coefficient

Age Years 22.5 4.2 0.39

Height Centimetre 178.4 9.8 0.38

Weight Kg 70.3 7.6 0.42

BMI Kg.m? 22.17 5.4 0.75

Experience Years 5.7 2.3 0.48
Table 2. The results of explosive capacity and kinetic variables examinations

Experimental group Control group P-value Value (d)-p
Variables (interaction .
pre post pre post experimental control
effect)
30m sprint 3.74+0.23 3.49+0.18 3.76+021 3.62+0.20 0.00(0.66) 0.00* (2.4) 0.00* (1.5)
Vertical jump 39.21+2.08 51.48+6.12 39.37+2.43 46.75+3.32 0.00(0.31) 0.00* (2.3) 0.00* (2.6)
Standing long jump  230+5.82 251+9.74 231+4.23 238+571  0.00(0.58) 0.00* (2.3) 0.00* (1.9)
Max vertical height ~ 114+4.56 1464535 115+512 121+6.38  0.00 (0.63) 0.00* (6.5) 0.00* (1.3)
\ ; .

Horizontal velocity at oo, 137 5994051 7.64+039 7874030 000(0.72)  000* (21 2%

take off (0.58)
:/aek:'gaﬁlc velocityat 954050 3.06£077 2944013 2994034 056(0.01)  0.00*(07)  0.00*(0.4)
Flight time 0.65+0.36 0.73+0.03 0.64+0.33 0.66+0.02 0.00(0.47) 0.00* (1.7) 0.63(1.2)
Take off duration 0.21+0.02 0.18+0.01 0.20%0.01 0.19 £ 0.02 0.00 (0.34) 0.00* (1.8) 0.61(1.1)
Long Jump 591+0.10 6.48+0.20 5.86+0.11 6.19£0.15 0.00 (0.48) 0.00* (3.9) 0.00* (2.2)
completion
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Discussion

The findings of study in both groups indicated that jump
performance had improvements after 8§ weeks vertical and
horizontal plyometric exercises. The experimental group
outperformed in 7 of the 9 parameters when compared
to the traditional training program. Our training method
(deep jump exercises) which bear a resemblance to the
long jump take off, comprise stretch-shortening cycles
of different muscles in lower extremity. This method
appeared to be favorable for enhancing sprint and jump
performance, long jump distance and some other related
parameters [18]. This could be due to the fact that deep
jump exercises help the athletes to learn the compatibility
between arms and legs movement.

The findings of this study in line with previous
researches revealed that vertical and horizontal plyometric
exercises have a significant effect on long jump
performance [19, 20] and also significantly enhances the
hip and thigh power which was projected by vertical jump
test in this study [21, 22]. Furthermore, our results are in
line with the findings of Hewett et al. [23] who indicated
an improved hamstring muscle peak power, torque, and
hamstring/quadriceps ratio after a period of plyometric
jump training.

Plyometric training might have other enhancing
effects in addition to performance enhancement, such as
knee joint motion stabilization by increasing the lower
extremity strength. Simek-Salaj, Milanovic, Jukic [24]
determined the changes in agility and explosive strength,
the type of jumping ability under the influence of a
proprioceptive training program on a sample of physical
education students. It was determined that, in the case
of untrained participants, changes in vertical jumping
ability are possible under the influence of proprioceptive
training, and in the case of trained participants, the effects
were smaller or not significant.

Markovic et al. [25] studied the results of sprint and
plyometric training on the morphological characteristics
of young, physically active participants. The research
showed that these two methods have a limited effect
on the morphological dimensions of younger men. The
efficiency of technique depends on the skill of jumper to
exercise great pressure on the track in the small protrude
of leg, especially in the last step, which provides the
necessary height of the jump and the horizontal movement
of the body.

Thus excellent jumpers, depending on gender, develop
great pressure force (from 300-400kg) on the board,
where the stepping leg slightly bents at the knee § =
175°-178° or 165-172° [9], slightly less at the hip joint (y
= 165°170°), and there is also a partially bending at the
joints of the spine. It all causes eccentric character of the
work. Intentional loosening of the knee joint is done in
order to utilize the forces of mm. quadriceps femoris to
the extent where leg can withstand the pressure, because
it is not possible to avoid the torque of the pressure
component in relation to the knee joint. In order to offset
the effect of this moment, and to achieve the rebound it
is necessary that the product of muscle force (Q) and its

prong (r is constant) is equal to or greater than the product
of the pressure force (R) and its prong (k). The current top
jumpers at the time of the rebound have less flexion of
the knee joint but a stronger force of quadriceps [1]. The
deep jump (vertical - horizontal) exercises were beneficial
in the development of the explosive power of long jump
athletes. These training exercises help to develop the high
coordination of the neuro muscular system to respond
more strongly and faster during the performance of
complicated sport related movements.

Sharkey [26] points out that the various jump exercises
increase the explosive capacity of athletes, especially
in the jumping competitions. In view of that, the results
of our research imply that the deep jump training is a
powerful and effective way to improve the strength and
speed in long jump athletes, allowing the nervous system
to activate the largest number of muscle fibers. Thus, in
athletes who need to integrate the maximum strength of
muscles with the maximum speed in performing sport
movements, especially if the explosive capacity is one of
the qualities required, vertical and horizontal plyometric
exercises are useful.

Less et al. [9] an attempt was made to identify the
mechanism acting during the touchdown to take-off phase
which were responsible for generating vertical velocity.
It was concluded that there was evidence for mechanical,
biomechanical and muscular mechanisms. The former
relates to the generation of vertical velocity by the body
riding over the base of support; the second is the elastic
re-utilization of energy; and the third is the contribution
by concentric muscular contraction. The increase in the
long jump distance is determined by three basic elements:
horizontal velocity, vertical velocity and height of the
center of gravity during the flight. the role of muscle
strength as a basic variable in jumping is already proven.
What is added in this study is the importance of some
other physical and kinetic variables such as 30 m sprint,
vertical jump, horizontal velocity at take-off, and long
jump completion. It seems that the deep jump (vertical
- horizontal) exercises are more effective for physical
capacity than kinetic variables.

Conclusions

The exercises using varied jumps in the style of
deep jump (horizontal - vertical) are effective in the
development of muscular capacity of long jump athletes.
Furthermore, this training method is helpful in sport
performance measures like speed and strength which is
resembled in the results of 30 m sprint, vertical jump,
horizontal velocity at take-off, and long jump completion
tests in the present study. Therefore, vertical and
horizontal plyometric exercises are effective alternative
to traditional plyometric training.
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