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Abstract

Introduction. Drop jump is one of the most researched plyometric
exercises. Different drop heights were earlier investigated
for ground reaction forces, biomechanical analysis, and other
parameters. There has been no research into the influence
of drop height on maximum jump height during drop jump
among soccer players. Aim of Study. This study aimed to find
out the optimal drop height for maximum vertical jump height
in drop jumps. Material and Methods. The researchers selected
17 male soccer players (mean + SD; age 21 + 2 years, height
174 £ 8 cm, body mass 63 + 5 kg, isometric leg strength 122 +
+ 18 kg) for the study. Drop jump from different heights (35 cm,
45 cm, 50 cm, 65 cm, and 72 cm) was investigated for jump height,
take-off force, take-off speed, impact force, maximum concentric
power, and peak speed. Results. Repeated measures ANOVA
revealed significant difference in jump height from different
drop height (F,, , ., =5.605, p = 0.004, partial 1% = 0.259). Post-
hoc analyses through Bonferroni adjustment showed significant
differences between jump height from 35 cm box and 45 cm
box (t, = 4.31, p = 0.001, d = 0.47) and 35 cm box to 72 cm box
(t,,=3.52,p=0.003,d=0.60). However, no significant differences
could be observed in take-off force, impact force, maximum
concentric power, peak speed, and take-off speed from different
drop heights. Isometric leg strength were significantly correlated
with jump height from 35 cm (p = 0.014), 45 cm (p = 0.021) and
50 cm (p = 0.022) drop height. Conclusions. The study concludes
that to improve maximum jump ability of soccer players, box
height ranging around 65 cm to 72 cm may be selected for training
purposes and thus may help improve the body’s ability to convert
the momentum generated by a run to maximum vertical height.
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Introduction
Soccer is among the most popular sports and is being
played by many countries across the globe. Now and
then, the teams want to perform better than their opponents.
Moreover, thus, changes in training methodology to
improve the performance of soccer players are very much
accepted by teams all around the world [22]. This has led
to more researches being conducted in soccer, and one
such widely researched area is plyometric training for
soccer players [22, 28]. Even if soccer player’s aerobic
capacity is critical in a soccer game [25], high-intensity
player’s efforts cannot be overlooked as they play a vital
role in a soccer match [1, 8]. These high-intensity bouts
include repeated kicking actions, changing directions,
explosive sprinting, and jumping, all making significant
contributions to the soccer player’s performance [25,
26, 29]. Developing a soccer player’s ability to generate
power quickly would be an advantage to the soccer player
during a match [20].
The successful transition of plyometric training to soccer
performance is probably because many soccer activities need
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movements with rapid stretch-shortening sequence, with
players having to bounce against the surface with minimal
surface contact phases [2, 17, 20]. Soccer coaches widely
use plyometric exercises in their training periodization as it
may increase the VO, peak percentage in soccer players [9],
increase endurance and power generation in muscles [23],
and also improve the ball velocity during soccer kick [6].
Drop jump is one of the most commonly used plyometric
exercises to develop and evaluate jumping performance
[15, 19]. Due to its proper metrics, such as reliability,
validity, and sensitivity, the implementation of drop jump as
a standard test has also been widely used and well supported
in the literature [3, 12, 15, 27]. Thus, drop jump has been
a choice of soccer coaches in developing muscle power
of lower limbs for a long time [3, 15]. Also, numerous
studies on drop jump revealed positive effects on jumping
performance after the inclusion of drop jump in training or
rehabilitation program [13, 14].

A drop jump is attempted by dropping from an elevated
surface and attempting to make a vertical jump for maximum
height after landing on the ground. A characteristic
pattern is observed while the muscle elastic energy is
retained and used during a drop jump. The gravitational
force causes the body to move down, and energy is
retained in the elastic components of the stretched
muscles during the eccentric process. Furthermore,
when the body moves up during the concentric process,
it uses the muscle’s stored energy [5, 10].

Many types of research were carried out to see the impact
of the technique, optimum drop height, ground reaction
force, body mass on peak power output, and drop jump
intensity [11, 15, 19]. Our study was being conducted to
find out the best possible drop height (from 35 cm to 72 cm)
for maximizing the vertical jump of soccer players.

Aim of Study

The aim of the present study was to (a) to compare
drop jump parameters shown by soccer players from
different drop height, and (b) investigate the relationship
of isometric leg strength with jump height from different
drop height. It was hypothesized that soccer players would
exhibit significant differences in drop jump parameters
from different heights and a significant correlation
between isometric leg strength and jump height from
different drop heights.

Material and Methods
Subjects

Seventeen male subjects who were a part of the university
soccer team which participated in national university
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games were selected for the study (mean + SD; age 21 +
+ 2 years, height 174 = 8 cm, body mass 63 = 5 kg,
isometric leg strength 122 + 18 kg). The subjects had
a minimum playing experience of 6 years during the
collection of data. Plyometrics had been included and
been a part of the training sessions of soccer players for
3 or more years. The subjects who participated in this
study were physically active and training for national
competitions. The inclusion criteria in this investigation
were the absence of recent lower limb injury, lower
back injury, or any musculoskeletal dysfunction within
6 months, which could hinder the execution of a proper
drop jump. The execution of the study was in line
with the Helsinki declaration’s ethical principles for
human research. Subjects were asked to fill out forms
of informed consent. The research was approved by
the institution’s Sports Biomechanics department’s
research committee.

Procedure

All the subjects performed 10-minutes warm-up, which
included dynamic stretching, plyometric exercises, and
mobility exercises for the joints before the conduct of the
test [26]. The subjects had to perform drop jump from
varying heights (35 cm, 45 cm, 50 cm, 65 cm, 72 cm)
with an instantaneous vertical jump intended for
maximum height [11]. Participants were instructed to
jump right after landing and cover the maximum vertical
height possible. Each subject was allowed three trials in
each box height. The order of the box height for drop
jump was randomly assigned. The subject performed
a total of 15 jumps. A rest interval of 30-seconds was
allowed in between each trial [11].

BTS G-Sensor (S.P.A., Italy) which has tri-axial
accelerometer with multiple sensitivity (£1.5 g, £6 g),
tri-axial magnetometer and tri-axial gyroscope with
multiple sensitivity (=300 gps, £1200 gps) was used to
measure the outcomes of the drop jump. The protocol
was set to drop jump in G Studio’s (ver. 3.3.22.0) jump
protocol section. Jump height, take-off force, impact
force, maximum concentric power, peak speed, and
take-off speed were the outcome variables of drop jump
using the G-sensor and G-studio software. The drop
jump with the maximum jump height among three trials
was selected for analysis [26].

To measure the isometric leg strength, a leg and back
dynamometer (T.K.K. 5402, Takei Scientific Instrument
CO., LTD, Japan) was used. The subjects were asked to
stand upright on the base of the dynamometer with the
feet shoulder-width apart. Arms were hanged straight
down to hold the bar at the centre with both hands, and
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palms facing towards the body. The knee was allowed
to flex approximately 110 degrees, and then the chain
was adjusted. The subjects were then asked to pull as
hard as possible and asked to straighten the legs without
bending the back [30].

Statistical analysis

Statistical analysis of the acquired data was performed
using IBM SPSS (version 20.0.0). Shapiro—-Wilk test was
conducted to check the violations of the assumptions of

0.06 medium, and 0.14 large effect. While for Friedman’s
test, Kendall’s W was calculated with 0.1 defining small,
0.3 moderate, and 0.5 large effects [7]. For Pearson
correlation r = 0.10 specifies a low, r = 0.30 a moderate,
and r = 0.50 a high association [7]. Cohen’s d was
calculated to determine the effect size for the student’s
t-test for paired sample, with d = 0.20 defining a small,
d = 0.50 defining a medium and d = 0.80 defining
a large effect size. The level of significance for all tests
was set at 0.05.

normality. Non-parametric tests equivalent to its parametric
counterpart were used for the analysis of non-normal data.
Single-factor repeated measures ANOVA with five
levels (box heights) were used separately for jump
height, peak speed, and take-off speed. Greenhouse-
Geisser corrections were used in cases where we
found violations of assumptions of sphericity using
the Mauchly’s sphericity test. Post-hoc paired t-test
with a Bonferroni adjustment (p = 0.01) was used to
find any significant differences between the levels.
Friedman’s test (non-parametric) was used to analyze
take-off force, impact force, and maximum concentric
power, since one or more variables failed the test of
normality and violated the assumptions of RMA. The
relationship between isometric leg strength and output
variables from various drop heights was evaluated with
the Pearson product-moment correlation.

The effect sizes were calculated using partial 7* for
repeated measures ANOVA, with 0.01 defining small,
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Results

Table 1 shows the values of all the measured variables.
The outcome of the repeated measures ANOVA was
significant in jump height from different box height,
F, 41050 = 5:605, p = 0.004, partial #* = 0.259. Post-
hoc analyses by means of Bonferroni adjustment
discovered significant differences between jump height
from 35 cm box and 45 ¢m box (¢,, = 4.31, p = 0.001,
d = 0.47) and 35 cm box to 72 cm box (¢, = 3.52,
p=10.003, d = 0.60).

There were no significant differences in take-off force
(p = 0.198), impact force (p = 0.455), maximum concentric
power (p = 0.858), peak speed (p = 0.828), and take-off
speed (p = 0.883) from different drop heights.

There was a statistically significant correlation between
the isometric strength of the leg and the height of the
jump from 35 cm (p = 0.014), 45 cm (p = 0.021), and
50 cm (p = 0.022) drop heights.
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Table 1. Drop jump parameters using G-sensor from the different drop heights

Box (35 cm) Box (45 cm) Box (50 cm) Box (65 cm) Box (72 cm) (etr‘)f_e\;ilsl,lize'
Mean + SD; Mean + SD; Mean + SD; Mean + SD; Mean + SD; artial 12 ’
median (IQR)  median (IQR)  median (IQR)  median (IQR)  median (IQR) or Igen dalll’ys w)
. 0.004*
Jump height (cm) 34.71 £ 6.06 37.46+5.9 36.96 £4.5 36.49 +£4.32 38.18£5.22 (0.259)
Take off force (kN) 0.73+£0.22  0.69(0.53-0.84)  0.71+£0.24 0.71 £0.17 0.66 £0.24 (8(1)32)
0.455
Impact force (kN) 1.02+0.23 1.02+0.3 0.93+0.23 0.95(0.77-1.12) 0.97+0.32 (0.054)
Maximum concentric 0.858
_ - =+ + -
power (kW) 3.03(2.72-3.61) 3.1(2.72-3.61) 3.21+0.76 323+£0.69  3.16 (2.64-3.56) (0.019)
Peak speed (m/s) 2.81+£0.27 2.83+£0.3 2.82+0.31 2.85+£0.27 2.85+0.25 (8§§§)
0.883
Take off speed (m/s) 2.7+0.27 2.72+0.3 2.71+£0.3 2.73 £0.29 2.73£0.26 0.018)

Note: IQR = interquartile range, SD = standard deviation
* denotes significant differences at 0.05 level of significance
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Figure 2. Bar diagram of maximum jump height from different
box height

Table 2. Correlation of isometric leg strength with jump height
from different drop heights

Box Box Box Box Box
(35cm) (45cm) (50cm) (65cm) (72 cm)

Isometric leg

k
strength (1) 0.585

0.556*  0.550*  0.328 0.478

p-value 0.014 0.021 0.022 0.199 0.052

* denotes significant correlation at 0.05 level

Discussion

In this present study, the assumption was that different
drop heights would contribute to different vertical jump
height for drop jump amongst soccer players. When
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the drop height rose from 35 c¢cm to 45 cm, there was
a significant increase in the height of the jump with
a medium effect size. While the height of the jump did not
differ significantly between 45 cm, 50 cm, and 65 cm drop
height. A significant difference could also be seen in jump
height when drop height increased from 35 cm to 72 cm
with amedium effect size. A similar finding was observed in
a study conducted by Ramirez-Campillo et al. [22], where
the transference effect coefficient (TEC) was found higher
for drop jump training from 40 cm than 20 cm height. The
results of this study suggest that, with the increase in drop
height, the height of the jump increases. A study conducted
by Ramirez-Campillo et al. reported an increase in ground
reaction force when the height of drop was increased from
20 cm to 40 cm and 60 cm when the toes and heels were in
contact with the ground. A similar study by Caster found
an increase in the maximum GRF when drop height was
increased by 15 cm, 30 cm, 45 cm, and 60 cm. Some other
studies were also conducted with different heights, like
McKay et al. [16] who investigated 10 cm, 30 cm, and
50 cm, while Seegmiller and McCaw [24] investigated
30 cm, 60 cm, and 90 cm. All these experiments showed
that there were higher ground reaction forces with a drop
height increase. Also, our finding suggests that a height of
45 cm, 50 cm, and 65 cm used for drop jump yield similar
jump height, and thus using any drop height between 45
and 65 cm would have the same effect on the jump height
of soccer players.

No significant differences in take-off force, impact force,
maximum concentric power, peak speed, and take-off
speed between different drop heights were observed.
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Soccer is a body contact sports [31], which includes jumps
ranging from 1 to 36 during a top-level game [18]. A soccer

Med. 2014; 35(13): 1095-1100. DOI: 10.1055/s-0034-
1375695.

player, thus, is accustomed to numerous jumps and landing 2. Bates NA, Ford KR, Myer GD, Hewett TE. Timing

during his entire career, including games and training. This differences in the generation of ground reaction forces

might have led the soccer players capable of maintaining between the initial and secondary landing phases of the

a similar impact force, take-off force, maximum concentric drop vertical jump. Clin Biomech. 2013; 28(7): 796-799.

power, peak speed, and take-off speed throughout the DOI: 10.1016/j.clinbiomech.2013.07.004.

jumps from different heights. 3. Bobbert MF. Drop jumping as a training method for

Further analysis of the relationship of isometric leg jumping ability. Sports Med. 1990; 9(1): 7-22. DOI:

strength with jump height from different drop height 10.2165/00007256-199009010-00002.

revealed that a significant correlation was established 4. Bompa TO. Power training for sport: plyometrics for

among isometric leg strength and 35 cm, 45 cm, and maximum power development. Oakville, New York,

50 cm drop height while the relationship could not be London: Mosaic Press; 1996.

established with the higher end of drop height. Pedersen 5. Bosco C, Tihanyi J, Komi PV, Fekete G, Apor P. Store and

et al. [21] conducted a study, where improved maximal recoil of elastic energy in slow and fast types of human

strength was found not to be associated with jump skeletal muscles. Acta Physiol Scand. 1982; 116(4): 343-

height in countermovement jump in high-level female -349. DOI: 10.1111/5.1748-1716.1982.tb07152.x.

soccer players. This study partially supports our study. 6. Campo SS, Vaeyens R, Philippaerts RM, Redondo JC,

The jump height in the lower end of drop height may be de Benito AM, Cuadrado G. Effects of lower-limb

contributed more by isometric leg strength. This might plyometric training on body composition, explosive

mean that the higher the isometric strength of the leg, strength, and kicking speed in female soccer players.
the higher the jump height will be in drop heights from J Strength Cond Res. 2009; 23(6): 1714-1722. DOL:

50 cm and below. The results also reveal that the 10.1519/JSC.0b013e3181b3f537.

isometric strength of the leg does not contribute 7. Cohen J. Statistical power analysis for the behavioural

significantly to drop heights above 50 cm. The reason sciences. Hillsdale: Lawrence Erlbaum Associates; 1988.

for this may be more flight time allowed during a drop 8. Faude O, Koch T, Meyer T. Straight sprinting is the

from heights above 50 cm, which allows the body to most frequent action in goal situations in professional
generate more momentum, which then is utilized by the football. J Sports Sci. 2012; 30(7): 625-631. DOL:
body to gain maximum vertical heights [4]. 10.1080/02640414.2012.665940.

9. Grieco CR, Cortes N, Greska EK, Lucci S, Onate JA.

Conclusions Effects of a combined resistance-plyometric training

From the results and findings of the study, it can be program on muscular strength, running economy, and

concluded that soccer coaches may utilize different box VO2peak in division I female soccer players. J Strength

heightranging from 35 cmto 72 cm to improve maximum Cond Res. 2012; 26(9): 2570-2576. DOI: 10.1519/

concentric power, take-off speed and force ability, and JSC.0b013e31823dblcf.

ability to minimize the impact force while landing since  10. Kollias I, Panoutsakopoulos V, Papaiakovou G.

all drop heights had shown a similar contribution to all Comparing jumping ability among athletes of various

those parameters. To improve maximum jump ability of sports: vertical drop jumping from 60 centimeters.
soccer players, box height ranging around 65 cmto 72 cm J Strength Cond Res. 2004; 18(3): 546-550. DOL:
may be selected for training purposes since these two 10.1519/1533-4287(2004)18<546:CJAAA0>2.0.CO;2.
drop heights exhibited maximum jump height, and 11. Makaruk H, Sacewicz T. The effect of drop height and

thus may help improve the body’s ability to convert the body mass on drop jump intensity. Biol Sport. 2011;

momentum generated by a run to maximum vertical 28(1): 63-67. DOLI: 10.5604/935873.

height. Further, more studies are required in this area  12. Malfait B, Sankey S, Firhad Raja Azidin RM, Deschamps K,

to investigate the effects of drop heights on other sports Vanrenterghem J, Robinson MA, et al. How reliable

athletes, who require improvement in jump ability. are lower-limb kinematics and kinetics during a drop
vertical jump? Med Sci Sports Exerc. 2014; 46(4): 678-
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