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Abstract 

This study on high jump biomechanics was performed during the 2020 Republic Championships of Egypt, That 
aimed to determine the percentage contributions of biomarkers and special factors to the level of achievement. 
The sample consisted of 16 competitors (average weight : 87 kg, height : 1.98 m, age : 30 years). To capture 
three-dimensional data, Six GoProHero 6 digital cameras were used, operating at 120 frames per second. The 
biomechanical analysis program Skillspector was used to analyze 48 attempts, with three attempts for each 
athlete. A multiple regression analysis was conducted to determine the contributions of the most important 
biomechanical indicators as well as several special factors to performance level , Which is considered to be the 
key to the success of high jump education and training as it provides a clear vision for coaches to develop their 
training programmes. In addition to the initial push and its impact on the performance level, the study identified 
six indicators as special factors: the vertical kinetic energy of the body’s center of gravity at the beginning of the 
flight, the right wrist's net velocity at maximum knee flexion, the horizontal potential energy of the body's center 
of gravity at the beginning of take-off, the braking time to take-off, the net velocity of the body's center of 
gravity at the maximum flight altitude, and the angle of the hip joint of the take-off leg at the end of the take-off. 
The contribution rates of these biomechanical indicators to performance were 71%, 13%, 9%, 4%, 3%, and 1%, 
respectively. 
Keywords: Biomechanical indicators, Special factors, Contributing percentage, High jump, Three-

dimensional 

 
Introduction 

Biomechanics is concerned with the study of motor behavior in light of general physical laws and 
principles. Applied to sports, biomechanics refers to the study of motor pathways related to sports skills and the 
development of technical and sporting performance. Biomechanics can thus help to find solutions to develop 
skill levels following the most recent theories concerning sports training (Dobbs et el., 2015; Ae et el., 2008]). 
Biomechanical performance indicators are a measure of the mechanical conditions of the relevant variables 
where the human body is characterized in terms of mechanical movement. Kinetic and kinematic indicators are 
called special factors because their improvement is correlated with the athletes' skill and performance level, in 
competitors from elite levels to beginners (Pleša et el., 2022; Mariano et el.,2021). There are two categories of 
special indicators: kinematic indicators, which address the geometric description of human movements, enable 
comparison of the body's measurements, dimensions, and connections, as well as calculation of these 
characteristics of individual performances to choose the optimal characteristics of their movements. Kinetic 
indicators are responsible for detecting movement mechanisms, the reasons for their occurrence, and the changes 
occurring during movement.  

These also include strength and energy indicators (Kim et el., 2011; Dapena,1992). A high jump 
competition consists of multiple phases: an approach phase, where the competitors build up their speed before 
jumping; a take-off phase, where the competitors use their leg strength to push themselves upwards, and a flying 
phase, where the competitors extend their bodies and bend their backs to cross the crossbar. Finally, in the 
landing phase, the athletes aim to land safely on the mat without dislodging the bar (Nicholson et el., 2019 ; 
Johnston et el., 2015). The approach phase consists of a curve with 10–12 steps. The initial part of the approach 
curve is a straight line, and the second part is a curve with 4-5 steps (Kim et el., 2015; Bermejo et el., 2011). The 
take-off phase is the most crucial phase of the high jump, as it determines the jump's success; in this phase, 
horizontal kinetic energy is converted into vertical energy, and horizontal speed is converted into vertical speed.  
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The result is determined by the period between the moment the take-off foot begins to touch the ground 
until it loses contact. The take-off time ranges from 0.14 to 0.18 seconds (Panoutsakopoulos , Kollias, 2012; 
Becker, 2015). Several key mechanical indicators govern a successful take-off. These include the angle of the 
trunk, the angle of inclination both forward and backward, the angle of the take-off leg's knee, the angle of the 
free leg's thigh, and the additional push that comes from the movement of the arms. During take-off, the force of 
the vertical push of the body's COG is the most significant factor in achieving the maximum height (Sado et el., 
2018; Schiffer, 2012). In the flight phase, the competitor can still modify his body position and posture to 
enhance his performance by controlling the direction and movement of the limbs. This ability affects 
adjustments while crossing the bar, where proper control will maximize height and minimize potential errors 
(Sattler et el.,2015; Van Caekenberghe et el.,2021).  Thus, biomechanical indicators are special factors through 
which the measurements and dimensions of the body, its connections, and the kinematic properties of different 
athletes can be compared. They are also the most important indicators through which the development and 
improvement of skill level and performance can be studied (Adashevskiy et el.,2013; Ae et el., 2008).  

Given the technical difficulty of the high jump, it is considered one of the most complex track and field 
events and is difficult to teach and train. The lack of previous studies on Egyptian high jumpers and the 
weakness of the Egyptian level prompted the present study, where the aim is to determine biomechanical 
performance indicators and special factors relevant to high jump performance. Such knowledge is considered the 
key to the success of teaching and training for the high jump, as it can identify deficiencies and weaknesses in 
performance and avoid them during the training process. This will allow coaches to develop their educational 
and training programs to reach the highest possible level in competition (Goldmann et el., 2015; Sado et el., 
2022). The study aims to identify the contribution rates of biomechanical performance indicators and the special 
factors affecting the performance and the achievement level in the high jump for Egyptian elite athletes. 
 
Methods 

Procedures 
The data were collected by filming the competitors’ performances using six digital cameras. A three-

dimensional performance analysis was conducted to identify and measure biomechanical indicators and 
influential factors during several stages of the high jump. 
 

Participants 
Egyptian elite athletes (average weight 87 kg, height 1.98 meters, chronological age 30 years ) 

participated in this study. Measurements were collected during the 2020 Republic Championships. Three best 
attempts were recorded from each athlete (48 attempts in total). 6 GoProHero6 digital cameras were used, and 
their frequency was set at 120 frames/second. The athletes' anthropometric and basic measurements were taken 
after they had received an explanation of the goals and objectives of the research and before participation. 
Written consent was obtained from all athletes, as well as permission from the Egyptian Athletics Federation to 
conduct the study during the tournament. The study followed the Helsinki Convention (World Medical 
Association, 2013), and approval was attained from the King Faisal University Ethics Committee (KFU -REC-
2025 -JAN - ETHICS2815). 
 

Measurements 
Sixteen athletes were filmed through 48 attempts using 3D imaging. 6 GoProHero6 cameras were set at 

a height of 120 cm, and the frequency of the cameras was 120 frames/second. Synchronization between cameras 
was performed by taking a three-dimensional scale drawing of an area with dimensions 1 × 1 × 1 m where the 
athletes were photographed. Using the kinetic analysis program Skillspector, a three-dimensional biomechanical 
analysis was conducted to determine and quantify biomechanical variables and indicators during performance. 
The arithmetic mean, standard deviation, multiple linear regression coefficients, contribution rates of variables, 
indicators, and biomechanical special factors influencing the completion distance and performance effectiveness 
in the high jump were among the variables recorded. 
 

Statistical analysis 

The standard deviation and mean were measured for the general biomechanical variables, moment 
variables (moments of the start of the take-off, the take-off leg maximum knee flexion, end of take-off, start of 
flight, and the body’s maximum height during flight), and temporal analysis variables. the Multiple regression 
was conducted using the STEPWISE method to determine the relationships between the variables and the 
achievement level in the high jump and the independent variables significantly related to the achievement of 
height.  

The variables identified could then be used to build a predictive model for the relationship between 
height achieved and biomechanics. Statistical analyses were conducted using SPSS statistical package (version 
26; SPSS Inc., Chicago, IL, USA). Results are showed as standard deviation (SD), mean ±. 
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Results 

Statistical description of the biomechanical variables of the research sample are showed in Table (1). 
Statistical description of biomechanical variables during different performance phases of the research sample are 
presented in Table (2).  

Multiple regression analyses of the biomechanical indices, ratios, and specific factors contributing to 
improved performance in the high jump are listed in Table (3). 
Table (1) Statistical description of the biomechanical variables of the research sample (n=48). 

biomechanical variables mean SD 

1 Achievement -m. 1.95 0.07 
2 COG’s speed - end of take-off-m/s. 3.13 0.58 
3 COG’s angle of flight - degree 58 3.21 
4 COG’s Height -end of take-off-m. 1.46 0.09 
5 Horizontal braking -m. 0.12 0.08 
6 Vertical braking -m. 0.08 0.08 
7 net braking-m. 0.17 0.11 
8 Horizontal push -m. 0.27 0.08 
9 Vertical push -m. 0.34 0.10 
10 Net push -m. 0.43 0.13 
11 fourth to the last step distance -m. 1.36 0.13 
12 third to the last step distance -m. 1.33 0.11 
13 second to the last step distance -m. 1.49 0.13 
14 last step distance -m. 1.57 0.35 
15 fourth-to-last step average speed -m/s. 5.06 0.55 
16 third to last step average speed -m/s. 5.52 0.68 
17 second to last step Average speed -m/s. 5.38 0.44 
18 last step Average speed -m/s. 7.55 2.08 
19 take-off time of fourth to last step -S. 0.18 0.02 
20 fourth to last step Flight time-S. 0.11 0.02 
21 fourth to last step time -S. 0.28 0.03 
22 fourth to last step rhythmic coefficient  1.68 0.29 
23 third to last step take-off time -S. 0.17 0.04 
24 third to last step Flight time-S. 0.09 0.02 
25 third to last step time -S. 0.25 0.05 
26 third to last step rhythmic coefficient  1.95 0.37 
27 second to last step take-off time -S. 0.16 0.03 
28 second to last step Flight time -S. 0.13 0.03 
29 second to last step time -S. 0.29 0.03 
30 second to last step rhythmic coefficient . 1.31 0.32 
31 last step take-off time-S. 0.17 0.04 
32 last step Flight time -S. 0.06 0.02 
33 last step Time -S. 0.22 0.04 
34 last step rhythmic coefficient . 3.56 0.68 
35 Braking -S. 0.09 0.03 
36 push -S. 0.11 0.03 
37 take off -S. 0.19 0.03 
38 take-off Rhythmic coefficient  0.78 0.35 

Note: SD: standard deviation; COG: Center of gravity  
Table (2) Statistical description of biomechanical variables during the different performance phases of the 
research sample (n=48). 

biomechanical variables 

Start of take-

off 

Ascending leg 

maximum flexion 

Take-off 

end 

Start of 

flying 

Flight maximum 

altitude 

mean SD mean SD mean SD mean SD mean SD 

1 

th
ru

st
 o

f 
ki

ne
m

at
ic

s 
L

in
ks

  

free leg Horizontal speed-
m/s. 

3.62 0.87 1.78 0.97 1.13 0.64 0.88 0.53 2.36 0.91 

2 free leg Vertical speed-
m/s. 

0.91 0.57 3.46 2.01 4.09 0.94 3.28 0.78 2.76 1.07 

3 free leg net velocity-m/s. 3.77 0.86 4.26 1.34 4.31 0.77 3.49 0.59 3.71 1.15 
4 right arm Horizontal 

speed-m/s. 
2.89 1.41 3.52 2.25 5.59 1.25 6.15 1.55 1.78 1.48 

5 right arm Vertical speed-
m/s. 

1.84 1.06 3.39 1.87 3.73 1.58 2.83 1.48 2.14 1.69 

6 right arm net velocity-m/s. 3.56 1.44 5.39 1.68 6.84 1.52 6.85 1.81 3.03 1.86 
7 left arm Horizontal speed-

m/s. 
2.83 0.88 3.42 1.08 4.18 0.94 3.48 1.16 3.03 1.56 

8 left arm Vertical speed-
m/s. 

1.59 0.78 4.75 3.37 6.21 2.38 4.83 2.85 1.55 1.25 

9 left arm net velocity-m/s. 3.32 0.99 6.12 2.98 7.58 2.24 6.19 2.48 3.72 1.22 
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10 

th
ru

st
 a

ng
le

 k
in

em
at

ic
s 

free leg Ankle joint angle-
deg. 

108 18 141 38 123 57 94 53 131 16 

11 free leg Knee joint angle-
deg. 

78 28 113 64 104 37 86 31 91 19 

12 free leg Hip angle-deg. 175 5 167 9 139 25 138 18 158 14 
13 joint angle of right 

shoulder -deg. 
73 58 76 67 122 28 133 17 61 43 

14 joint angle of right elbow-
deg. 

105 53 82 56 109 61 131 42 163 16 

15 right wrist joint angle-deg. 162 16 162 8 148 8 157 12 167 8 
16 joint angle of Left 

shoulder-deg. 
8 6 17 13 101 44 137 32 14 15 

17 joint angle of Left elbow-
deg. 

142 15 97 65 59 43 83 47 164 12 

18 left wrist joint angle-deg. 159 13 157 22 163 9 167 9 167 8 
19 free leg hip joint Angular 

velocity-Deg/s. 
135 109 189 103 448 258 263 213 258 153 

20 

ba
si

c 
th

ru
st

 k
in

em
at

ic
s 

take-off leg Horizontal 
speed -m/s. 

2.38 0.57 1.21 0.49 1.45 0.38 1.47 0.25 3.16 1.38 

21 take-off Vertical speed-
m/s. 

0.48 0.28 0.66 0.52 2.39 0.49 2.98 0.68 2.81 0.43 

22 take-off leg net velocity-
m/s. 

2.46 0.52 1.49 0.39 2.83 0.32 3.39 0.46 4.32 1.08 

23 takeoff leg angle of ankle 
joint -deg. 

168 8 168 8 171 6 166 11 153.09 12.41 

24 take-off leg angle of Knee 
joint -deg. 

173 5 166 8 179 3 177 3 93.09 12.42 

25 take-off leg angle of Hip 
joint -deg. 

167 4 164 6 169 5 166 6 154.26 17.16 

26 take-off leg Angular 
velocity of knee joint -
Deg/s. 

107 54 48 32 36 35 82 72 186 108 

27 

C
O

G
’s

 k
in

em
at

ic
s 

 

COG’s height -m. 1.11 0.05 1.18 0.08 1.46 0.09 1.58 0.08 2.26 0.15 
28 COG’s horizontal velocity 

-m/s. 
2.58 0.48 2.26 0.29 2.04 0.19 2.05 0.23 2.91 0.46 

29 COG’s vertical velocity-
m/s. 

0.35 0.32 1.69 0.85 3.28 0.63 3.12 0.58 0.38 0.68 

30 COG’s net velocity -m/s. 2.64 0.42 2.88 0.56 3.88 0.53 3.74 0.48 2.99 0.54 
31 COG’s Horizontal 

acceleration -m/s2. 
7.88 5.98 13.29 13 4.64 3.15 3,91 2,67 6.64 7 

32 COG’s Vertical 
acceleration -m/s2. 

16.14 11.78 22.04 14.6 5.34 5.73 5,59 5.04 8.48 4.57 

33 COG’s net acceleration -
m/s2. 

20.2 9.22 30.76 9.46 7.51 5.48 7.75 4.3 11.98 5.23 

34 

C
O

G
’s

 k
in

et
ic

s 
 

COG’s horizontal 
momentum -kg.m/s. 

221 28 191 18 168 17 171 19 238 41 

35 COG’s vertical 
momentum-kg.m/s. 

21 16 137 68 289 27 273 34 22 25 

36 COG’s net momentum -
kg.m/s. 

222 28 242 36 336 29 322 33 242 41 

37 COG’s horizontal force . 408 276 528 412 251 246 196 119 582 449 
38 COG’s vertical force.  1599 796 2413 816 536 455 596 359 675 436 
39 COG’s net force . 1683 766 2514 771 627 468 646 341 993 426 
40 COG’s horizontal potential 

energy.  
1277 248 1398 257 1564 247 1619 247 2418 228 

41 COG’s vertical potential 
energy. 

918 58 958 59 1188 98 1282 103 1844 158 

42 COG’s net potential 
energy. 

1578 196 1702 208 1972 204 2072 201 3045 239 

43 COG’s Horizontal kinetic 
energy. 

295 79 218 41 173 32 174 38 348 114 

44 COG’s vertical kinetic 
energy  

3.68 4.24 138 132 502 75 448 89 6.93 14 

45 COG’s net kinetic energy  299 79 359 119 674 96 623 104 355 112 

Note: SD: standard deviation; COG: Center of gravity  
Table (3) Multiple regression analysis of biomechanical indicators and special factors contributing to improving 
the level of performance in the high jump (n=48). 

Biomechanical Indicators 
Coefficients 

R square R square change 
B 

1 
  

(Constant) 1.67 
70 %  

COG’s vertical kinetic energy at the beginning of flight 0.001 70% 
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Dependent Variable: The level of performance in the high jump  
Table (3) presents a multiple regression analysis of the biomechanical characteristics and their 

contributions to improve the level of performance in the high jump.   
The six variables are listed in the following order: COG’s vertical kinetic energy at the beginning of the 

flight, the net velocity of the right wrist during maximum knee flexion, COG’s horizontal potential energy at the 
beginning of take-off, the braking time to take-off, COG’s net velocity during the maximum flight altitude, and 
the take-off leg hip joint angle at the end of the take-off. The respective contribution percentages were 70%, 
13%, 9%, 4%, 3%, and 1%. Collectively, these variables achieved a full predictive capability (R2=100%), 
underscoring their combined significance in biomechanical modeling and their potential utility in enhancing high 
jump performance through targeted training interventions. 

 
Figure (1) The percentage contributions of biomechanical indicators to the  high jump performance 

2 
  
  

(Constant) 1.75 

83% 
 

COG’s vertical kinetic energy at the beginning of flight 0.001 70% 

net velocity of the right wrist at maximum knee flexion. -0.021 13% 

3 (Constant) 2.03 

92% 

 

COG’s vertical kinetic energy at the beginning of flight 0.001 70% 

net velocity of the right wrist at maximum knee flexion. -0.023 13% 

COG’s horizontal potential energy at the beginning of take-off. 0.0003 9% 

4 (Constant) 2.68 

96% 

 

COG’s vertical kinetic energy at the beginning of flight 0.001 70% 

net velocity of the right wrist at maximum knee flexion. -0.022 13% 

COG’s horizontal potential energy at the beginning of take-off. 0.0005 9% 

Braking time to take-off 0.746 4% 

5 (Constant) 2.09 

99% 

 

COG’s vertical kinetic energy at the beginning of flight 0.001 70% 

net velocity of the right wrist at maximum knee flexion. -0.020 13% 

COG’s horizontal potential energy at the beginning of take-off. 0.0006 9% 

Braking time to take-off 0.788 4% 

COG’s net velocity at maximum flight altitude. 0.001 3% 

6 (Constant) 2.05 

100% 

 

COG’s vertical kinetic energy at the beginning of flight 0.001 70% 

net velocity of the right wrist at maximum knee flexion. -0.020 13% 

COG’s horizontal potential energy at the beginning of take-off. 0.0004 9% 

Braking time to take-off 0.821 4% 

COG’s net velocity at maximum flight altitude. 0.001 3% 

The take-off leg hip joint angle at the end of the take-off. 0.0001 1% 
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The first indicator: 
With a contribution of 70%, the vertical kinetic energy indicator of the body's COG at take-off was the 

most important biomechanical indicator. as the predictive equation of regression is: 
 Y = a + b1 x1 = (1.67) + (0.001) (173) 
The second indicator: 

With a contribution of 13%, the right wrist's net velocity indicator at maximal knee flexion was the 
second most significant biomechanical indicator of the performance.  The predictive equation of regression is: 
Y= a+b1 x1 + b2 x2   = (1.75) + (0.001) (173) + (-0.021) (5.38) 
The third indicator: 

With a contribution rate of 9%, the horizontal potential energy indicator of the body's COG at the 
beginning of the take-off was the third biomechanical indicator that contributed most to improving the 
performance level of the skill among the research sample, as the predictive equation of regression is: 
Y= a+b1 x1 + b2 x2 + b3 x3 = (2.03) + (0.001) 173) + (-0.023) 5.38) + (0.0003) (1276) 
The fourth indicator: 

With a 4% contribution, the take-off braking time indicator was the fourth most significant 
biomechanical indicator that contributed to improving the performance level, as the predictive equation of 
regression is: 
Y= a+b1 x1 + b2 x2 + b3 x3 + b4 x4 
= (2.68) + (0.01) (173) + (-0.022) (5.23) + (0.005) (1276) + (0.746) (0.074) 
The fifth indicator: 

With a contribution of 3%, the net velocity indicator of the body's COG during the maximum flight 
altitude ranks as the sixth most significant biomechanical indicator that contributed to improving performance 
level; the predictive equation of regression is: 
Y= a+b1 x1 + b2 x2 + b3 x3 + b4 x4 + b5 x5 
= (2.09) + (0.001) 173)) + (-0.020) 5.83) + (0.0006) (1276) + (0.788) (0.074) + (0.001) (3) 
The Sixth indicator: 

With a 1% contribution, The take-off leg hip joint angle indicator at the end of the take-off period ranks 
as the sixth most significant biomechanical indicator that contributed to improving performance. The predictive 
equation of regression is as follows: 
  Y= a+b1 x1 + b2 x2 + b3 x3 + b4 x4 + b5 x5+ b6 x6 
= (2.05) + (0.001) 173)) + (-0.020) 5.38) + (0.0004) (1276) + (0.821) (0.074) + (0.001) (3) + (0.0001) (168) 
where a = a constant; b1 = the regression coefficient for COG’s vertical kinetic energy indicator at the beginning 
of flight; x1 = the value of COG’s vertical kinetic energy indicator at the beginning of flight; b2 = The regression 
coefficient for the net velocity indicator of the right wrist at maximum knee flexion; x2 = the value of the net 
velocity indicator of the right wrist at maximum knee flexion; b3 = the regression coefficient value for COG’s 
horizontal potential energy indicator at the beginning of take-off; x3 = the value of COG’s horizontal potential 
energy indicator at the beginning of take-off; b4 = The regression coefficient for the braking time indicator to 
take off; x4 = the value of the braking time indicator of the take-off; b5 = the regression coefficient for COG’s net 
velocity indicator at the maximum flight altitude; x5 = the value of COG’s net velocity indicator at the maximum 
flight altitude; b6 = The regression coefficient for The take-off leg hip joint angle indicator at the end of the take-
off, and x6 = value of The take-off leg hip joint angle indicator at the end of the take-off. 

 
Discussion 

Based on the findings of both the current and the previous study, high jumper launch indicators are 
among the most significant factors influencing performance. As such, trainers should focus on these indicators 
during the initial stages of training and education. Consequently, it is important to be able to increase the angle 
of flight of the jumper's COG at the beginning of the flight. The goal of the high jump is to reach the greatest 
height, and this depends crucially on converting horizontal speed to vertical speed through the best flight angle 
while maintaining speed (Leite, 2013; Nicholson et el., 2022). 

The take-off stage is a critical phase between approach and flight, i.e., between contact with the ground 
and loss of contact, where horizontal speed is converted to vertical speed, and horizontal kinetic energy to 
vertical kinetic energy. This phase passes through a braking stage that works to impede movement. Therefore, 
the jumper needs strength, and training to control all these factors to reach the best height. In addition to the 
additional push, force, and speed, the movements of the free leg and the arms during the performance must be 
optimized (Leite, 2013 
; Rao et el., 2014). 

The multiple regression equations and contribution percentages clearly show that the kinetic energy 
variables related to the body's COG at the beginning of the flight, the potential energy of the body's COG at the 
beginning of the take-off, and the net velocity of the body's COG at the maximum flight altitude represent the 
most important indicators and biomechanical factors for the jumper, as the first indicator of the kinetic energy of 
the body's COG at the beginning of the flight represented the largest contribution of 71%, hence the necessity of 
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increasing kinetic energy as much as possible at the beginning of the flight to reach maximum height (Sado et 
el., 2020; Pavlovic, 2017). 

It is clear from the results of the multiple regression and the contribution rates that it is necessary to 
increase the horizontal potential energy indicator of the body’s COG at the beginning of the take-off. The jumper 
works to convert this energy into kinetic energy at the end of the take-off. From the performance indicators and 
their contribution rates, we note the need to achieve a high net velocity indicator of the body’s COG at the 
maximum flight height, as the height of the body’s COG at the maximum flight height represents a 3% 
contribution to performance level (Adashevskiy et el.,2013; solehto et el., 2007). 

Several additional push variables were crucial for increasing the participants’ achievement levels. It is 
necessary to improve the right arm's position and velocity at the point of maximum knee flexion; this variable 
had a 13% contribution rate. This is supported by multiple studies demonstrating the need to direct the free limbs 
(additional push) in a way that increases the rate at which the body's COG generates speed to achieve flight 
distance. The synchronization between the vertical velocity variables, the angular velocity of the free leg, and the 
horizontal velocity of the right arm is important due to its ability to control body connections and joint angles 
without exaggerating the positions to achieve maximum performance (Milan ,2010; Coh, Supej, 2008). 

Reducing the take-off braking time is necessary, as indicated by the multiple regression results and the 
contribution rates of the indicators. This variable had a 4% contribution rate to high jump height; hence, it is 
necessary to increase the duration of the push without causing the body's COG to decrease in speed. Because this 
variable had a significant impact on performance, reducing braking time requires a large amount of muscular 
strength to be applied in a very short time (Dapena, , Flickin, 2006; Nicholson et el.,2018). 
The thigh angle indicator variable for the take-off leg also plays an important role in stabilizing the take-off leg 
relative to the upper body. To achieve success rates the kinetic transfer of force from the ground to the upper part 
of the body, the thigh angle variable of the take-off leg at the end of the take-off contributed 1% to the 
performance (Agar-Newman , Klimstra,2015; Pleša et el., 2022). 
 

Study limitations. 
Although the current study has certain strengths, it also has many limitations, that need to be discussed 

and addressed in future research. In such studies, a large number of athletes is required for accurate results. All 
jumpers participating in the tournament participated in the study, and 48 three-dimensional attempts were 
analyzed. 

Secondly, in such studies, more cameras (6-12) could be used to capture all the variables during 
performance and to conduct a three-dimensional analysis, but only six high-quality cameras were available to 
photograph the athletes. 

Finally, this is a descriptive and analytical study that aims to determine the contribution rates of 
biomechanical variables and special factors on the effectiveness of achievement in the high jump, through which 
information can be provided to assist coaches and those interested in this field during the education or training 
process or to conduct complementary studies for future development. 
 

Conclusion 

A set of biomechanical variables that characterize the human body as a mechanical system were 
employed as performance indicators. There are two kinds of indicators: kinetic and kinematic. These are referred 
to as special indicators, since they always improve along with an increase in the degree of skill and performance 
mastery, starting from the beginner to the elite level. A high jump competition relies on a set of abilities that are 
dependent on indicators that are essential for education and training. Reaching the maximum height possible is 
the aim of the high jump. This is accomplished during the take-off phase by converting horizontal speed and 
kinetic energy into vertical speed and momentum that can be utilized to modify the body during flight to clear 
the crossbar at the highest possible height. Several biomechanical indicators are relevant at each stage. This 
study identified six indicators and special factors (COG’s vertical kinetic energy at the beginning of flight, the net 
velocity of the right wrist at maximum knee flexion, COG’s horizontal potential energy at the beginning of take-
off, the braking time to the take-off, COG’s net velocity at the maximum flight altitude, and the take-off leg hip 
joint angle at the end of the take-off). 
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