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Abstract

Vertical jJumping ability is of importance for good performance in different kinds of sports, and football among them. The
most effective way for a football coach to improve vertical jumping ability is to enhance the maximal jump height
(Hmax) and maximal force (Fmax) output in a training program, such as proprioception training. The purpose of this
study is to estimate the quantitative analysis of biomechanical variables in counter movement jump (CMJ) and squat
jump (SJ) tests. The participating subjects of this study were 29 boys aged 10-14 years old, players of Tirana Football
Club (FC). According to the results of the t-test values, it was concluded that there was a statistical improvement of 7 cm
in maximal height (CMJ test) and an improvement of 320 N in maximal force (SJ test). t-test analysis applied at this
team, through the mean comparisons in three different phases of measuremets, emphasizes the differences between them
and their statistical and practical significance. Two way ANOVA analysis within subjects showed a significant effect of
training level, as a result of which it was concluded clearly that the jumping technique strongly affect the mechanical
output muscles, as the motors that generate explosion maximal force and also maximal jump height. The proprioception
exercises have a huge effect in the variety of training, by changing the style, monotony, the difficulty, which results in
improving all biomechanical parameters including those of the sportive technique.
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(CMJ) and squat jump (SJ) tests. In the literature, was
found that both tests are considered as well-
standardized protocols [13]. A Leonardo
Mechanography force plate is used to assess ground
reaction forces (GRF) during movements [10]. The
most important factor to be controlled is vertical jump
technique, which affect directly to the results of Hmax
and Fmax in both tests. The height in takeoff is
affected directly by vertical velocity at takeoff and by

INTRODUCTION

One of the common features of human
movement is its variability. Human movement
variability can be described as normal variations, which
occurs in motor performance during multiple repetitions
of a task [14]. One study statet that jumping is a simple
plyometric task required in a variety of athletic
activities [6], while another study, had emphasis that

vertical jumping ability is of importance for good
performance in different kinds of sports, such as
basketball, voleyball and football among them [4]. An
interesting study was found the most effective way for a
coach is to improve the maximal jump height (Hmax)
and maximal force (Fmax) output in a program [2],
such as proprioception training. More recently, vertical
jump height has been used as a standard measure to
assess the efficiency of the stretch-shortening cycle [8].
Some research reports have indicated that vertical
jumps preceded by an eccentric contraction result in
greater vertical jump heights [1; 9; 8]. The purpose of
this study is to estimate the quantitative analysis of
biomechanical variables in counter movement jump

gravity. Based on second Newton’s law, considering
only vertical component, the forces that acts at a body
in z-direction are: the reaction ground force F; (t) and
the body weight mg, which are related to the vertical
acceleration as follow:

dv
E F,=m—%=F(t)-m
z dt Z() g

dv
Solving the above equation for a and integrating the

results as a time function, the velocity of the mass
center in takeoff is given by expression:
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Where t; is a point before jump in force plate
and t, is the takeoff time. So the jump height of the
mass center is simply a function of takeoff velocity.
During a vertical jump, the total impulse given to a
body, will determine the jump height, which can be
reachable:

t2 t2
L, = [F, ®)dt =m[v,(t)dt
tl tl
The jump height of a subject can be
determined through energetically method, based on
recent findings [3]. According to the energy
conservation law, the kinetic energy of the mass center
to the potential energy of the body mass center in the
peak of the height can be expresses as below:

EKto + EPIO =B +E;

Vertical velocity at take-off can be used to determine
jump height. So, from the above equation was found
that:

2
Vtake—off )

29

Jumping ability may be improved in several

methods, which includes: general and specific
exercises, as well as the proprioception exercises. All
of them develop the jumping musculature, and velocity
component of power in a way, which is specific to the
required technique of a subject.

jomp =~

MATERIAL AND METHODS

Subjects participating were 29 boys aged 10-
14, mean (12.1 + 0.62) years old and they were taken
from Tirana football club team. The measurements were
recorded in force plate Biomechanics Laboratory of
SUT, according to Leonardo Mechonagraphy protocol

[10]. The study was approved and provided by the
Sports University of Tirana. Informed consent was
obtained from the parents of subjects, in order to
consider them as participants of the study. The standard
jumping testing protocol was used to collect the data, in
two different forms: CMJ (counter movement jump)
test — test for maximal height, performed with arm
swing, and SJ (squat jump) test- test for maximal force,
jump without arm swig with arms closed to the waist.
When CMJ are compared with SJ, there is empical
evidence that the average height of the jumps is greater
than 10% when arms are used, based on the some
studies raported [13, 7, 11, 15]. Statistical analyses were
performed using SPSS version 17. The study period
includes three phases. The initial phase: before training
measurements, middle: after six months and the final
phase: nine months after training measurements. The
program was based in propriocpetive training which
included: plyometric, izokinetic and kinetic chanin
exercises. During the processing of the results,
statistical analysis of t-test and two way ANOVA
analysis, were carried, for the quantitative analysis of
all biomechanical parameters, that were subject and the
focus of this study. Statistical significance was set for
all statistical procedures at p <0.05.

RESULTS

Table 1 gives descriptive statistis of the
anthropometric parameters of this team. Subjects
participating were 29 boys aged 10-14, mean (12.1 *
0.62) years old, with these anthropometric
charactaristics: height (1.54 + 0.14) m, body mass
(46.55 + 9.74) kg and body mass index (BMI) (19.3 £
2.37) kg/m2,

Table 1 generates also descriptive statistics for
the variables obtained during the three measurements of
both CMJ and SJ tests. The results obtained from these
measurements are used to describe their characteristics.

Table-1: Statistical descriptive of anthropometric parameters and three measurements of CMJ and SJ tests

Measurement Parameter Mean+SD Rank Min. Max. Variance
Value Value
Age 12,10 + 0.62 400 | 1000 | 14.00 0.38
Anthropometric (years old) T ) ) ) '

characteristics Height (m) 1.54+0.94 0.40 1.36 1.76 0.01
Body mass (kg) 46.55+9.74 38.40 31.90 70.30 94.81
BMI (kg/m?) 19.30 £ 2.37 8.71 15.58 24.29 5.63
Phase | H1max (m) 0.37 £0.05 0.21 0.27 0.48 0.003
CMJ Phase 11 H2max (m) 0.42 £ 0.57 1.16 0.33 0.49 0.003
test Phase 111 H3max (m) 0.45+0.05 1.21 0.35 0.56 0.003
Phase | Fimax (kN) 1.07 £0.25 0.97 0.69 1.66 0.06
SJ test Phase 11 F2max (kN) 1.19+0.27 1.16 0.81 1.97 0.07
Phase 111 F3max (kN) 1.40 +0.28 1.15 0.97 2.12 0.08

t-test analysis applied at this team, through the
mean comparisons in three different phases of

measuremets, emphasizes the differences between them
and their statistical and practical significance.
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Table 2 gives the t-test results. This
information is related to the differences between the
three weighting measurements, based on the average
values of the biomechanical parameters in both CMJ
and SJ tests and if these differences are statistically and
practically significant.

By comparing the average values between
pairs of variables of vertical jump, based on the values
of which is reported below: the main variable of first
the CMJ test is the maximum height (Hmax), and the
main variable of the second SJ test is the maximum
force (Fmax).

Table-2: Pair comparisons of the same parameters within the CMJ and SJ tests.

Parameter Pairs of Mean Differences 95% CI of difference t-test p-
parameters +SD The lower The upper value value
limit limit
H1- H2 -0.04 £ 0.03 - 0.058 -0.034 -8.058 0.000
Hmax (m) H2 — H3 -0.03 £ 0.02 -0.04 -0.02 - 7.547 0.000
in CMJ test H1 - H3 -0.07 £ 0.03 -0.09 - 0.06 - 11.050 0.000
Fmax F1-F2 -0.12 £ 0.09 -0.15 -0.08 -6.735 0.000
(kN) F2 - F3 -0.21+£0.20 -0.03 -0.13 - 5.584 0.000
in SJ test F1-F3 -0.32 £0.22 -0.41 -0.24 - 8.014 0.000
DISCUSSION B Himax
The first test CMJ is a test for the maximum B Himax
height with the variables taken during different phases B H3max
of training. In function of the main parameter the - T o
maximum height, are studied for all the other
parameters of the vertical jump. K
gs
Table 2 provides the paired t-test results. This \ —
information is related to the differences between the ot %
three weighting measurements, based on average E

measurement of the biomechanical variables in the first
CMJ test, in the second SJ test, and if these differences
are statistically and practically significant.

To make the maximal height estaimation,
some measurements have been made, by comparing the
average values between pairs of variables of vertical
jump, based on the values of which is reported below:

The primary variable of the CMJ test is the
maximum height (Hmax), as it is shown in fig.1. The
results obtained by the table 1 for Himax (0.37 £ 0.05)
and H2max (0.42 + 0.05) show an improvement on
average of (0.04 + 0.03), calculated with 11.9%, for
H2max and H3max (0.45 + 0.05) this improvement is
further on average (0.03 £ 0.03), or 6.6%, but a little
smaller, compare the first case. By measuring Hlmax in
H3max (0.45 + 0.05) there is a very good improvement
on average of (0.07 + 0.03), calculated at 17.7%. Table
2 shows that t-test statistic values are respectively: t(28)
= -8.058; t(28) = -7.547; t(28) = -11.050, p < 0.005 ,
which confirm the statistical significance of these
differences.

o3
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Fig-1: Hmax dependence chart from the test time for all subjects
of Tirana FC team for the three CMJ test measurements

Il Fimax
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Time (s) a

Fig-2: Maximum strength force (Fmax) variance chart from test
time for all subjects of the Tirana FC team, for the three SJ test
measurements
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The second SJ test is the test for the maximum
force output with the variables taken during three
different stages of training. Figure 2 presents Fmax.
parameter, for three SJ test measurements. In function
of the main parameter, the maximum force, are studied
for all the other parameters of the vertical jump.

The evaluation of the results obtained from
table 1 for Flmax (1.07 + 0.25) and F2max (1.19 *
0.27), has yielded an improvement on average of (0.12
+ 0.09), calculated by 10.1%, for F2max and F3max

(1.40 £ 0.28), there is a further improvement on average
by (0.21 £ 0.20), or 15%, which is greater compared to
the first case, while for pér Flmax and F3max there is a
very good improvement on average of (0.32 + 0.22),
calculated at 23.6%. the t-test statistics values according
to table 2, are respectively: t(28) = -6.735; t(28) = -
5.584; t(28) = -8.014, p < 0.005, which confirm that
these results are statstically significant.

The Hmax parameter is clearly the highest value in
CMJ test, as seen in figure 3.

Hmax {m)

(= LH]
&d

Before training  Afterd monthe  After 9 months

Training

200 @:\*‘

Bendo — Fig-3: 2D & 3D graph of Hmax. parameter and training phases of “Tirana” team subjects in two vertical jump tests CMJ & SJ

Due to the means of measurement and the
direction of the t-value, it was concluded that was a
statistical improvement in jump ability following the
proprioception training program. In CMJ test was
observed an improvement of 7 cm, which corresponds
with the results reported from one previously study
[12], (p < 0.001), whiles in SJ test was found an
improvement of 320 N (p < 0.001), statistically

significant both of them. In two-way ANOVA analysis
within subjects, was adapted the regression model,
based on Field study [5], to connect the dependent
variable y with the two independent variables: training
and test, whilst including the interaction term, which
represents the combined effect of training and test,
which can be expressed as following:

Ymax, = (0 +Dy training +bytest + byinteraction) + ¢,

From the comparison of Hmax variable in both
of vertical jump tests CMJ and SJ, the results showed
that there was not a significant effect of interaction
term: training*test in Hmax mean, but there was a

simple main effect of training level (p < 0.001) and a
significant effect of type of test term (p < 0.001).

Regarding the parameter of Fmax, it dominates in the Sj
test, and this is shown in figure 4.

ELL
Time (s) L]

5

Before training  After 6 months  After ¥ months
Training

Fig-4: 2D & 3D graph of Fmax. Parameter and training phases of “Tirana” team subjects in two vertical jump tests CMJ & SJ.
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Based on the results of the variance analysis
ANOVA, by the comparison of Fmax variable in both
of vertical jump tests (CMJ and SJ) it is not observed a
significant effect of type of test term (p > 0.050) and no
significant effect in Fmax of interaction term:
training*test, but there is a significant effect of training
level (p < 0.001).

CONCLUSIONS

According to the results of the t-test values of
parameters have changed as follow: in CMJ test, Hmax
— an improvement of 7 cm and in SJ test, Fmax — an
improvement of 320 N, statistically significant both of
them. Multiple equations of regression emerged these
parameters as the best predictors of the main variables
for each test: in CMJ test for the measurement of Hmax:
the best predictor is: Vmax, while in SJ test for the
measurement of Fmax the best predictors are: body
mass and Pmax/kg. Two way ANOVA analysis within
subjects showed for an term significant, effect of
training level and a very important effect of the
combination term: the training for the both vertical
jumping tests, as a result of which we come with a
conclusion that: the proprioceptive training influences
in a clear way in the improvement of parameters results,
Hmax in both vertical jumping tests (increase of
average Hmax values), and Fmax in both vertical
jumping tests (increase of average Fmax values).
Combined general and specific proprioception training
is effective as power training for improving maximal
jump height and maximal output in both of tests. The
proprioceptive exercises have a huge effect in the
variety of trainings, by changing the style, monotony
and the difficulty of training. They develop and
improve the psychophysical, coordinative and
locomotive condition, enabling the subject to both
mentally mobilize and having a higher muscular
tonification, by gradually increasing the moving
efficiency, and the performance improvement. Clearly,
the jumping technique strongly affects the mechanical
output muscles, as the motors that generate explosion
maximal force and also maximal jump height. Finally,
all the proprioceptive applied exercises in Tirana FC
players have influenced in obvious improvements of all
biomechanical parameters, including the sportive
technique. Future training exercises studies are needed
to determine which technique should be preferred to the
specific required tasks. This needs a close cooperation
between researches and coaches in the future.
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