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Modern athletics, as we know it today - with a series of distinctions that 

we would characterize as important, appeared in the UK in the nineteenth 

century; the English have imposed running distances based on the yard-0.914m 

and mile-1609.34m; these distances were then adapted to the metric system 

which eventually made it possible for distances known today to be based on the 

meter. 

Athletics today have a spectacular development on all the world's 

meridians. Athletic competitions gather at the start millions of talented 

youngsters, eager to assert in the great family of performance sports. The top 

results of world and Romanian athletics are in a continuous quest for human 

limits, bypassing the most optimistic predictions and sacred barriers. 

This tremendous performance of athletic performance is determined by 

the day-to-day work of field technicians (teachers, coaches and athletes) who, 

through their incessant quests in interdisciplinary teams led by savvy managers, 

manage to rationalize training systems and improve level of mastery, athletic 

evidence technique. 

We also suggest specifying that the technique of athletics has also evolved 

with time and performance. From the upright start to the current squat start, 

from the long jump carrying dumbbells to jumping in the air (11/2, 21/2, 31/2) 

or to the stretched long jump, from throwing the disc as it is immortalized by the 

famous „The Discobolus” statue to the pirouette nowadays, the evolution of the 

technique has never stopped but has alsways been beneficial. 

However, specialist searches continue, focusing on subtle technical 

details, based on energetically and biomechanically rationalised executions, 



without losing the hope of finding some new and effective technical methods to 

re-launch the athletic show. 

Despite all the progress made, there are still insufficiently elucidated 

aspects regarding the role of dynamics and kinematic elements in capitalizing 

the performance capacity of this event, especially in Romania. 

At international level, the research of the motricity biomechanics specific 

to the various athletics events in general has escalated , but especially in the 

field of technical events, including the long jump and the triple jump. 

Improving investigation methods and apparatus has led to the elucidation 

of the mechanisms that condition the adaptation of morphological structures, in 

particular the structure and function of the skeletal muscle and the mechanisms 

of muscle contraction. 

The evolution of athletic performances in the last decades is a natural 

phenomenon of scientific research that is generally pursued in sporting activity, 

especially athletics. 

 

Part I - Theoretical and scientific substantiation of the thesis 
 

Contains 5 chapters, as follows: 

Chapter 1 - Motivating theme choice, directions and stages of research, short 

history of long jump in performance athletics (long jump and triple jump) 

Chapter 2 - The theoretical and conceptual framework for achieving the 

research direction, classification criteria, types of effort in athletics and 

especially at long jump and triple jump in athletics, the biomechanical 

parameters of performance, the peculiarities of the development of the 

movement capacity in the athletic long jump events  

Chapter 3 – Performance ability in long jump and triple jump, performance 

ability in performance sports, content of long jump athletes training, technical 

basics of long jump in athletics, training for long jump inperformance athletics , 

psychological peculiarities at performance jumpers. Competition strategies 

Chapter 4 - Factors Influencing Jumping Performance, The Importance of 

Recuperation for the Success of the Training Process 

Chapter 5 - Conclusions of the current part as follows 

 

 The evolution of the athletic performances in the last decades is a natural 

phenomenon of scientific research that generally takes place in sports 

activity and especially athletics. 

 Experts continue to look for subtle technical details based on energetically 

and biomechanically rationalized executions in order to find some new 

and efficient technical procedures to re-launch the athletic performance. 

 The improvement of investigation methods and apparatus has led to the 

elucidation of mechanisms that condition the adaptation of morphological 



structures, in particular the structure and function of the skeletal muscle 

and the mechanisms of muscle contraction. 

 Competitive equipment, better-made, lighter and better customized shoes, 

and advanced training techniques have provided athletes with a major 

competitive advantage over the centuries. 

 The benefit of computerized analysis and synthesis of the biomechanical 

motion is of promptness on one hand and of fidelity on the other, but the 

computer can not yet interpret biomechanical movements automatically, 

because the optimization criteria are not always biomechanical: they are 

also human by rules and conventions. 

 Computerized technology in the current phase allows the instantaneous 

display of variations in time and space of positions, distances, momentary 

speeds, accelerations and forces, of course, taking into account the masses 

involved in the movement. 

 At national level, publications on the biomechanical technical analysis of 

athletic evidence have been at a pioneering stage for several decades 

compared to the international literature that presents a series of scientific 

studies and research on the best athletes in the world at jumping , running, 

throws. 

 

Part II - Preliminary study on Biomechanical Analysis of Horizontal Jumping 

at Athletics – Female 
 

Purpose of the preliminary study 

 
The study conducted in Part II of our research aimed to achieve a 

technical profile of long-jumping biomechanics and female triple jump, the 

world's best athletes, alongside several major competitions (JO, CM, CE ), 

studies conducted by senior / high level investigators and published in 

specialized journals and on the IAAF official website. 

 

Objectives of the preliminary study 

 
        To find the values of biomechanical parameters and interconditioning that 

exist in a certain order of subordination between the stages of the athletic long 

jump and performance we set the following objectives: 

 Analyzing the values of the main biomechanical indicators, regarding the 

stages in the female long jump and triple jump, which condition the length 

of a jump. 

 Highlighting, and analyzing the body mass index of the world's most 

performing athletes in the long jump. 



 Argumentation of the importance of each stage of the jump, which makes 

the athlete conditional on the use of the performance capacity in the 

conditions of the competitive advantage 

 

Tasks 
 

 Documentation and scientific substantiation of the addressed issues  

 Selection of athletes to be part of the preliminary study 

 Evaluation of subjects' data from an anthropometric point of view 

 Centralization, processing and statistical interpretation of the obtained 

data  

 The formulation of the editorial conclusions for the purpose of elaborating 

the assumptions regarding the final research. 

 

Preliminary study hypothesis 

 
The efficiency of technology to evaluate and analyze the technical 

(kinematic) parameters for the athletic long jump can contribute as a feed-back 

in the training process to increase competitive performance. 

 

Subjects of the preliminary study 
 

For the preliminary study, a total of 10 world-class athletes, including 5 

long jumpers and 5 triple jumpers, participated in major competitions 

(Olympics, World Championships, European Championships). 

 

Stages of the preliminary study 

 
Stage II - October 2014 - June 2015: 

 

 Identification of the purpose and objectives of the preliminary research 

 Formulation of the preliminary study hypothesis 

 Establishing research methods 

 Achieving / collecting performance data for athletes subject to 

preliminary research 

 Compilation, drafting and support of progress report no.2 

 

Conclusions of Part II 
 

As a result of the world class long jumpers’ performance, we can draw the 

following conclusions: 

 The performances achieved by the jumpers in the important competitions, 

although they are homogeneous in terms of the dispersion of the 



performance values outdoors are more valuable, the average being of 

7.18m compared with the ones indoors respectively 6.96m, (the amplitude 

of 42cm compared to the 9cm indoors), one of the explanations being that 

the period for outdoor training benefits from several stages of 

accumulation, more competitions (shorter competition season) and other 

favorable external factors. 

 As far as the body mass index is concerned, the results are 

homogeneously dispersed around the average, the amplitude being equal 

to 3 / 10kg m2, the average BMI of 19.72kg / m2 showing that the long 

jump athletes have a normal weight, ideal compared to their height, with 

optimal health. 

    

Following the processing of the statistical mathematical data of the 

technical parameters analyzed from a biomechanical point of view: efficient 

struggle, optimal / balanced flight and finally a long jump, we can say that: 

 The homogeneous dispersion around the average, the velocity of 

movement on the last part of the velocity of 9.73m / s (11m-1m), and the 

speed and length of the last 3 steps before the beating on the threshold 

(9.36m / s, 9.48m / s, 9.33m / s and 2.24m, 2.29m, 2.16m) show that the 

speed of travel decreases over the last 3 steps of the impulse, as well as 

their short-long-short rhythm in order to reach the threshold and preparing 

an effective thump is significant. 

 The duration of the contact on the threshold has an average value of 0.12 

seconds and an amplitude of 0.02seconds, which makes us affirm that all 

pre-trial athlete jumpers have a very short contact on the threshold, and at 

the same time lose very little of the speed of movement accumulated 

during the impulse. 

 At the time of separation, the average velocity (3.31m / s) has an 

amplitude of 0.28m / s, unlike the amplitude of 0.69m / s representing the 

horizontal speed (8.04m / s) which together with the average angle 20.52 

° detachment shows the flight path as an effective hit. 

 At the performance of the athletes included in the preliminary study at the 

triple jump, it is noticed that the results outdoors are better (average 

15.04m), compared to the ones indoors (average 14.85m), a difference of 

19cm, the performances of the athletes who managed jumping over 

15.00m being 4, as opposed to only 2 results over 15m indoors (in the 

group of 4). 

 The performance amplitude is 81cm outdoors, compared to 68cm indoors, 

the results being homogeneously dispersed around the average. 

 The triple jump athletes have an average BMI value of 20.02 kg / m2 and 

an amplitude of 4.40 kg / m2, slightly higher than the long jumpers 

(average of 1.30 kg / m2), these being framed as having an ideal body 

weight for performance; (the interpretation is relative, we do not have data 



on the ratio between active mass / body fat considering high performance 

sports). 

 The average velocity of the velocity was 9.28m / s (from 11m-1m) at the 

group level, the amplitude having a value of 0.40m / s, and a dispersion of 

the individual speeds around the homogeneous average. 

 The length of the last two steps of the spring (before the threshold) has an 

almost identical mean value of 2.16m (penultimate step-2), and 2.17m 

(last step-1), the amplitude of 19cm in both situations, average of the 

horizontal speed of the last two steps before the knock on the threshold 

was 9.11m / s and makes us say that the studied jumpers have lost little of 

the speed of movement on the impulse to prepare the thump. 

 

  Analyzing the biomechanical parameters regarding the triple jump we 

found the following: 

 The average length of the first step (the bouncy step) is 5.39m, with an 

amplitude of 85cm, the scattering of the individual results around the 

average being homogeneous, the stepped jump being the longest 

detachment of the 3 jumps as the average of the preliminary study. 

 The horizontal speed, the thump duration and the angle of detachment 

contribute to making an optimal, balanced and long bouncy step without 

loss of horizontal velocity accumulated on the impulse (without loss of 

movement at the threshold).  

 The average value of 0.17 seconds at the contact with the threshold, and 

an average angle of 17.02 degrees, allow us to assert that the two 

parameters complete the efficiency of the impulse connection with the 

horizontal entry speed to the threshold and the duration of the beat as 

stated above. 

 The individual length dispersion is homogeneous at step two (the jumped 

step), the average length of the detachment is 4.39m, (amplitude having a 

value of 44cm), while the horizontal velocity with an average value of 

7.70m / s, a duration of contact of 0.17 seconds as average, and an 

average of 13.32 ° detachment angle, confirms the theoretical information 

as the second step of the triple jump  represents a very important 

connecting step between step 1 and step 3, but with horizontal speed 

losses and the length of the detachment (it should be noted that the 

athletes perform both jumps on the same foot. 

 A mean value of 5.14m in long jump, has an amplitude of 60cm at the 

group level, parameters approaching as the first step (jumps) of the jump, 

as the horizontal detachment speed decreased (mean values 6.45m / s), the 

average contact time with the soil increased (0.18sec), the angle of 

detachment (21.04o as an average) had a positive role in the trajectory of 

the length of the leap. 



Part III - Research on biomechanical analysis of the best jumpers in Romania 

in long jump and triple jump events 
 

 The purpose of the research 

 
The aim of the research was to highlight the biomechanical parameters of 

the technique in athletic long jumps, respectively long jump and triple jump 

(women) and the interconditioning between the phases of a jump. 

         The final research focuses on the importance of knowing the value / 

effectiveness of the biomechanical parameters of the technique in athletics, the 

women long jump, at national level, in order to positively influence the moving 

performances and ultimately the competitive ones. 

 

Research objectives 

 
          In pursuing this research, the following objectives were pursued: 

 To highlight the relationship between the values of the biomechanical 

parameters of the athletic long jump technique, and their importance in 

training, in order to achieve large competitive performances. 

  Identify, analyze, and capitalize on the most significant technical 

performance parameters of the top Romanian athletes in the long jump 

and triple jump events due to the efficiency of the DARTFISH evaluation 

technology in order to optimize / improve performance in major 

competitions. 

 

 Research tasks 

 
            During the final research, the following tasks were set: 

 selecting the samples included in the research; 

 establishing the biomechanical parameters to be evaluated; 

 the acquisition of kinematic data with video cameras; 

 analysis, processing of computerized measurements of biomechanical 

parameters, and interpretation of research results; 

 drawing up the final conclusions. 

 

Research hypotheses 

 
 Deep determination of the kinetic parameters of the technique for long 

and triple jump techniques (displacement, speed, acceleration, segmental 

angles) can improve the training of Romanian athletes internationally. 

 The use of computerized technology to assess the technical parameters 

under competitive conditions for women long jump can bring benefits to 

the efficiency of training for competitive performance. 



 

Subjects of research 
 

For the realization of the experimental research, we analysed a total of 10 

international athletes from Romania, out of which 5 long jumpers and 5 triple 

jumpers participating in major competitions (Olympic Games, World 

Championships, European Championships, National Championships) 

 

Stages of experimental research 
 

Stage III - October 2015 - October 2016: 

• Identification of the purpose and objectives of experimental research 

• Formulation of experimental study hypothesis 

• Establishing research methods 

• Achieving / collecting performance data of athletes subject to experimental 

research 

• Compilation, drafting and support of progress report no.3 

• Drawing up the PhD thesis 

 

 

Conclusions of Part III 

 
Following the evaluation and analysis of the biomechanical parameters of 

the performance technique in competition of the top Romanian athletes in the 

long  jumps and the statistical-mathematical interpretation in the final research, 

the following were found: 

 The performances at the indoor competitions of the 5 long jumpers have 

an average value of 6.66m (the amplitude of 25cm) compared to 6.72m 

(12cm amplitude) outdoors, the dispersion being homogeneous in both 

cases, makes us assert that the progress of outdoor results is insignificant 

as the average of 6cm, we can only speak of a constancy in performance 

and not of a performance progress. 

 The Body Mass Index (BMI) with an average value of 18.95kg / m2 

indicates that the 2.32kg / m2 as amplitude, making the long jumpers at 

this indicator, fall within optimal limits with an ideal body weight. 

 With respect to the speed (horizontal) on the impulse with an average of 

8.83m / s (from 11m-1m) and especially the last 3passes of the impulse 

(averages 8.77m / s - pitch 3, 8.81m / s - Step 2, 8,62m / s - the last step), 

in order to prepare the beat on the threshold, shows that the jumpers did 

not slow too much, with the exception of the last step, when the average 

speed is slightly lower, this being conditional and the precision of placing 

the foot on the threshold for a valid jumping. 



 The vertical separation speed at the jumpers included in our research has a 

value of 3.07 m / s, the horizontal one of 7.95 m / s with an average 

duration of 0.12 s, which makes us assert that the athletes had a smooth 

crossing from the amortization phase to the acceleration phase, 

capitalizing on the momentum gained. 

 At the triple jump test, in the experimental research regarding the 

performance value, we can see that the average performance between the 

season and the open air season is 14.21m / room - 14.22m air / free, due to 

the fact that two of the athletes failed in any season over 14.00m but also 

the small progress, compared to the individual performances. 

 Regarding the body mass index of the jumpers included in the final 

research, they were found to have an average value of 18.67kg / m2 

(amplitude 1.11kg / m2), an index representing an optimal value, of the 

health of athletes, of the body mass index. 

 At triple jump, the jumpers moved on the last part of the impulse (from 

11m-1m), at an average speed of 8.87m / s, the entry speed in the 

threshold having the same average value of 8.80m / s at the penultimate 

step (2) and the last step (1), which shows us that they have managed to 

maintain the horizontal velocity obtained along the impulse, even if they 

were preparing for detachment while maintaining the "long-short" rhythm 

in terms of the length of the last two running steps (average values: Step 

2- 2.28m, Step 1- 2.15m). 

 Analyzing the average of the horizontal speeds in relation to the three 

successive deviations of the actual jump, respectively: stepped 8.16m / s, 

stepped 7.43m / s, the 6.45m / s jump, the average duration of the contact 

with the ground (stepped - 0.13second, jumping step - 0.16second, 

jumping 0.18second), and the average of the breaking angle (stepped 

14.66 °, jumping 16.70 °, jumping in length 18.12 °), we notice that the 

horizontal speed decreases from one phase to the next, the duration of the 

contact with the ground and the angle of detachment increased, the 

amortization action (release / overtaking) increased, the result being the 

decrease of the translational movement with a negative effect on the flight 

distance from a phase to another (the average length of the three 

detachments: bouncy step 5.21m, jumping step 4.09m, jumping 4.95m 

long). 

 The athletes in the final research, technically evaluated from a percentage 

point of view, have used a "curveball" technique (long-short-intermediate 

jump technique) jumping step, bouncy step, long jump. 

 

 

 

 

 



Final conclusions 
 

The theoretical approach, the preliminary study and the experimental 

study conducted during the scientific work lead us to the following conclusions: 

 The comparative performances recorded indoors show a lower average 

value in the experimental group with 29cm (4.2%), according to the 

Mann-Whitney significance test, the results are not statistically 

significantly different, as opposed to the outdoor performance where the 

difference in the study the preliminary result is 46cm (6.8%) and the 

effect size index is 0.83, we can say that the Romanian athletes have not 

managed to increase their significant performance compared to the indoor 

season, which is a signal that one should intervene in the content of the 

training between the two competitive periods . 

 The body mass index in both preliminary studies and final research shows 

a mean value of 0.77kg / m2 (4.1%) less in the final research, the 

dispersion of the results recorded in both cases being homogeneous, they 

are in the optimal values of body weight in health respect. 

 The horizontal velocity in the two groups shows a lower mean value at the 

final research with 0.90m / s (10.2%) the effect size index of 0.83s 

showing a very large difference between the two groups (an average 

horizontal speed and a lower acceleration capacity at Romanian jumpers). 

 Regarding the length of the last three steps of the impulse, the 

comparative data are not significantly different statistically regarding the 

value of the averages in the two studies, but the big difference appears at 

the average of the horizontal velocity values, the last steps of the impulse, 

which is clearly superior, in favor of the preliminary study group with 

0.59m / s (antepenultimul pas), 0.67m / s (penultimate step) 0.70m / s (last 

step) - the acceleration of the horizontal velocity accumulated on the 

elbow is lower for the last 3 steps, high running. 

 The above average values show the differences between world athletes 

and Romanian athletes regarding the changes in the relationship between 

the modification of the last 3 steps, the running pace, and of the rhythm 

before thumping the threshold. 

 The duration of the thump in both groups shows an average of values 

between 0.122m / s in the final research group and 0.116m / s in the 

preliminary study group (faster velocity at the moment of beating by 

0.006m / s), horizontal speed , vertical, and angle of detachment, both of 

which are homogenous in terms of dispersion of results. 

 Concerning the two athletic groups, regarding the long jump phase, the 

interpretation of the data shows that the ones in the preliminary study 

were able to ensure a better continuity, preserving the horizontal speed 

between the spring and the jump itself in direct relationship with the 

contact angle, amplitude and duration of amortization. 



 From a comparative point of view of the performance level achieved by 

the triplusalt jump athletes in the competitions, it is noted that the ones in 

the preliminary group achieved more valuable results both in the indoor 

season, (less in the athletes in the final research, the average value being 

29cm) and 46cm less in the outdoor season, 83cm effect in favor of the 

group in the preliminary study, showing a very large and statistically 

significant difference according to the Mann-Whitney test (p = 0.009 

<0.05, Z = -0.627) between the two outdoor groups. 

 The recorded results on the average value of the nutrition index for the 

two groups are not statistically significant, with 1.35kg / m2 (7.3%) lower 

in the final research, but as we highlighted this index, in the case of 

performance athletes, have different values from one sportsman to 

another, taking into account that muscle mass plays an important part in 

calculating the ratio, the average of BMI values being more important in 

terms of an optimal health status. 

 The mean horizontal velocity (11m-1m) compared to the two groups 

shows a very large difference in the effect size (0.83), the difference 

between the averages being 0.41 m / s in favor of the preliminary study, 

the Mann-Whitney test a statistically significant threshold of significance 

in the two studies. 

 Regarding the length and speed of the last 2 steps of the impulse before 

knocking on the threshold, the mean values are homogeneous, they are 

not statistically significant, the large difference between the two groups 

occurs only in the last step before the beating, the size index of 0.63 

shows that Romanian athletes lose more of the horizontal velocity of the 

impulse in view of the accuracy of the threshold, and the detachment (- 

0.31m / s). 

 We emphasize that in order to place the foot on the threshold as close as 

possible to the vertical projection of C.G.C., the last step is shorter 

compared to the penultimate, the rhythm undergoes a slight change as a 

result of the acceleration. 

 The length of the first step in the triple jump - the bouncy step in the two 

groups is not significantly statistically different, the average value being 

smaller in the experimental group by 0.18cm (3.5%), respectively 5.39m 

the average length of the bouncy step (1) in the preliminary group vs. 

5.21m in the athletes in the final research, which is also reflected in the 

average of the horizontal speed at the step, the difference of the averages 

being by 0.05m / s higher in the preliminary study. 

  Note that the beating is carried out on the strong "force" foot, because the 

foot is used twice in succession in the bouncy step, as a structure 

consisting of two "steps in the air".  

 Analyzing the length of the second step of the triple-jump - the jumped 

step to the two groups shows that the mean value is lower for the final 



research by 0.30cm (7.3%), the Mann-Whitney test determined a different 

significance limit for the two studies, the effect size being 0.70, the 

horizontal rate of detachment also having lower values in the 

experimental group by 0.36m / s (5.%).  

 The average value for the length of the leap in triple jump compared to the 

two groups is lower in the experimental group with 19cm (3.8%), the 

average of 5.14m in the preliminary study, compared to 4.95m in the final 

research. 

 The detachment angle in the two groups, on the average values of the 

three successive detachments at the triple jump, has a lower average for 

the group in the final research with 2.36 ° (16.1%), at the step, the 0.70 ° 

effect index in following the Mann-Whitney test, shows a large difference 

between the two groups, the magnitude of the effect showed a very large 

difference of 0.83 °, the average detachment angle having a higher mean 

value in the experimental group by 3.38 ° (20.2% ). 

 When jumping in triple jump, it was found that the average comparative 

value of the two groups on the detachment angle was lower in the 

experimental group with 2.29 ° (16.1%), the values compared to the two 

groups not significantly different statistically. 

 Concluding, we can state that, after analyzing the comparative results of 

the biomechanical parameters of the preliminary and final jumpers 

technique, the performances of the athletes in Part II of the preliminary 

study of the thesis are higher due to the higher horizontal velocity 

developed on the spring, the rhythm of the last two steps before the 

threshold, keeping the horizontal speed along the three successive 

detachments, and the optimal angles of detachment at the triplusalt. 

 Last but not least, the duration of the three contacts with the soil 

contracted in the favorable interconditioning for the three detachments 

and two landings, the jumped step occupying a key position in the 

"economy" of the preliminary jumping test with a sharp and balanced 

technique regarding the ratio between the steps .  

 The use of computerized technology offers high precision results in 

biomechanical analysis based on acquisitions, athletic technique and not 

only, being accurate, evaluating in real-time both in the laboratory and in 

larger open spaces on the ground, the parameters of the different driving 

acts during the competition. 

 Analyzing the evolution of the technical kinematic parameters over time, 

defining the individual technique of the athlete, it is possible to intervene 

on the improvement of the technique with the help of specific training 

personalized programs, for the purpose of performing in competitions. 

 The biomechanical analysis of the kinetic parameters of the movement 

(space, speeds, angles) highlights and delimits the level of quality, 

coordination, specific physical and technical training of the athlete, so 



specialists, coaches can capture the key moments (which cannot be 

monitored just by looking at them)  that can contribute to subtle 

corrections and superior performance. 

 The information obtained from the scientific research on the evaluation of 

the biomechanical parameters of the female long jump athletic technique, 

of the best national and international leap long jumps and triples, can be 

used by the interdisciplinary teams that can make the individual 

corrections depending on the deficiencies in individual training.  


