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Abstract  

Internationally, the research on motor skill biomechanics specific to various 
athletic events, in general, but in particular in technical events, including the long 
jump, has gained momentum. 

In recent decades, the evolution of athletic performances is a natural 
phenomenon of scientific researches which are carried out, generally, in sports and, in 
particular, in athletics. 

Despite all progress made so far, there are still inssufficiently cleared up 
issues on the role of dynamic and kinematic elements in terms of capitalizing upon the 
performance capacity in this event, especially in Romania. 

An important source for understanding and improving the technique of athletic 
events is the knowledge and application of biomechanics laws to the study and analysis of 
driving actions specific to athletic events.  

Athletic jumps can be defined as stylized driving actions used to pass over an 
obstacle, as tall as possible, or to cover horizontal distances during the leap, as long as 
possible. Getting some valuable performance in jumping events is conditioned by the 
following factors: 

- acquiring a high-efficiency technique;  
- reaching high speed during the run-up; 
- acquiring special expansion skills. 
In terms of the effort required, jumps are included in the group of events 

which need speed and explosive strength. The latter is closely related to the reactive 
force of the neuromuscular apparatus, able to pass quickly from a movement of active 
yield to a movement of active extension (stride). 
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1. Introduction  

Multiple jumps were popular events at ancient town festivals in 

many cultures. Triple jumps were a well-known exercise with Gutsmuths 

and Jahn.  It is remarkable that the means of the official distances in the 

women’s final did not differ significantly (p<0.05). 

In the short sprint events the relative difference between 

women’s performance is smaller and it is indicated by a percentage of 

approximately 10%. The capacity to reach a high running speed and to 

produce a high amount of kinetic energy in the sprint run is very high 

for female (G.P. Bruggemann, D. Koszewski, H., Muller 1999). 

Technical deficits or training strategies may play a significant role in 

explaining this phenomenon. 

The purpose of this study is to present the first description of 

biomechanical data from the women’s triple jump final from an 

international competition and to proceed in the approach. 
 
2. Participants 

In the present study we analyzed the performance of eight triple 

jumps finalists in the outdoors World Championships.  

Two of the performances are of the Romanian triple jumpers, 

Rodica Mateescu (No. 2) and Cristina Bujin (No. 7). 
 

2.1. Measurements 

The triple jumps finals were recorded with four synchronized S-

VHS video cameras operating at 50 frames per second. The cameras 

were placed perpendicular to the plane of motion. Camera 1 filmed the 

last two steps of the approach, cameras 2, 3 and 4 were focused on the 

hop, the step namely on the jump. In addition to the described set-up, 

there was also one high-speed video camera operating at 250 frames per 

second, recording the take-off for the step and a second high-speed 

system, recording the take-off for the hop, at 200 frames per second. 

All trials of the women’s finals were recorded. For data 

reduction, the relevant video sequences were transferred via the video 

grabber board to the video data disk of the video motion analysis 

system. (J.G. Hay – The Biomechanics of Sports Techniques) 

For the biomechanical analysis, was used a 12-segment model of 

the human body, calculated via 19 landmarks. Two feet, two shanks, two 

Tifrea, C., Costache, R. M. (2015). Comparative Study on the Long Jump’s Biomechanics in the Case of Athletes in
Major Competitions. Logos Universality Mentality Education Novelty, Section: Social Sciences, IV (1), 157-165.



Comparative Study on the Long Jump’s Biomechanics in the Case of (…) 
Corina ŢIFREA, Raluca Maria COSTACHE 

 

159 

things, a trunk, the upper arms, the forearms with hands, and the head 

with the neck represented the rigid body model. The best valid jump of 

each of the eight finalists of the women’s competition was selected for 

further analysis. 

The instantaneous run-up speed of the athletes was measured by 

a laser system installed behind the runway. The system’s operator used 

an optical control device to follow the athlete’s low back during the 

entire approach, run, hop, step, and jump. Using the know speed of the 

infra-red light, the distance between the laser detector and the reflecting 

object was measured 50 times per second. 

 
2.2. Results 

In the triple jump the success or the total distance of the jump 

depends on the distribution of the jumper’s effort over the three phases: 

the hop, the step and the jump. Therefore, the major emphasis of 

coaches and scientists has been on the understanding of an optimal 

distribution of distances of the three jumps in the women’s triple jump. 

No scientific data are available for women’s competitive triple jump. 

Effort distribution is usually analysed by the absolute and relative 

distances achieved in each of the jumps. The distances are usually 

measured perpendicular to the pit edge of the take-off board. 

The partial distances are defined as: 

- the hop distance is the horizontal distance from the tip of the 

take-off foot at the take-off for the hop, to the tip of the same 

foot at the take-off for the step; 

- the step distance is the horizontal distance from the tip of the 

take-off foot at the take for the step, to the tip of the other foot 

at take-off for the jump; 

- the jump distance is the horizontal distance from the tip of the 

take-off foot at the take-off for the jump, to the nearest mark 

made in the sand by the heels at the instant of touching the 

ground. 

The data for all the absolute distances are given in the table 1. 
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Table 1: Official, effective, total lost and toe-to-board distances 

 
No. Name Doff(m) Deff(m) DTLO(m) DTB 

(m) 

1 Kasparkova 15.20 15.46 0.26 0.07 

2 Mateescu 15.16 15.44 0.28 0.08 

3 Govorova 14.67 14.82 0.15 0.12 

4 Vasdeki 14.62 14.72 0.10 0.08 

5 Hansen 14.49 14.69 0.20 0.09 

6 Marinova 14.34 14.54 0.20 0.11 

7 Bujin 14.26 14.37 0.11 0.11 

8 Blazevika 14.06 14.29 0.23 0.15 

 Mean 14.6 14.79 0.19 0.10 

Std.dev. 0.44 0.46 0.06 0.03 

 

The women reached on average of 83.64% of the official 

distance. The percentage for the effective distance is of 83.30%. The 

female jumpers hit the board more precisely. The women demonstrated 

a mean toe-to-board distance of 0.10m (0.03m). Similar results were 

seen in the total lost distance. The female finalists lost an average of 

0.20m (0.06m). (J.G. Hay – The Biomechanics of Sports Techniques. 

Englewood Cliffs, NJ Prentice Hall.). 

Both differences are statistically significant (p<0.05). One reason 

for the higher precision and the lower loss of distance of the female 

triple jumpers should be the lower speed of the run-up. 
 

Table 2: Absolute and relative phase distances 
 

No. Name hop step jump Technique 

1 Kasparkova 5.61m 4.20m 5.64m Balanced 

2 Mateescu 5.70m 4.19m 5.54m Balanced 

3 Govorova 5.57m 4.09m 5.16m Hop 
dominated 

4 Vasdeki 5.42m 3.92m 5.38m Balanced 

5 Hansen 5.00m 4.50m 5.19m Balanced 

6 Marinova 5.27m 4.09m 5.18m Balanced 

7 Bujin 5.25m 4.05m 5.11m Balanced 

8 Blazevika 5.45m 3.57m 5.28m Balanced 

 Mean 5.40m 4.07m 5.31m  

Std.dev. 0.23m 0.27m 0.26m 
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No statistically significant (p<0.05) correlations could be found 

between the partial distances and the effective distance with the 

exception of the significant correlation of jump and effective distance 

for the women’s competition. The highly significant (p<0.01) correlation 

coefficients between the toe-board distance in the women’s competition 

indicate the importance of run up precision in high level triple jumping. 

Considering the multiple regressions between the effective 

distance and the hop, step and jump distances for the female jumpers, 

the stepwise approach initially used the jump distance as input for the 

equation. (G.P. Bruggemann, D. Koszewski, H., Muller – Biomechanical 

research project Athens 1997). 

This is followed by entering the step distance into the multiple 

equation with a multiple of 0.93. This result supports the previous 

finding on the mostly balanced technique in female triple jumpers. 

Table 3: Lengths of the last strides of the run-up and the CM’s 
horizontal velocity at take-off into the 2nd last and the last strides 

 
No. Name Stride length (m) CM velocities(m/s) 

2nd last 1st last 2nd last 1st last 

1 Kasparkova 2.37 2.42 9.4 9.2 

2 Mateescu 2.41 2.38 9.9 9.6 

3 Govorova 2.28 2.05 9.2 9.2 

4 Vasdeki 2.49 2.39 9.5 9.5 

5 Hansen 2.19 2.03 9.2 9.4 

6 Marinova 1.85 2.02 8.9 9.2 

7 Bujin 2.31 2.20 8.9 8.8 

8 Blazevika 2.15 2.26 9.2 9.3 

 Mean 2.25 2.21 9.27 9.27 

Std.dev. 0.21 0.18 0.30 0.18 

 

The horizontal CM velocities at the take-off into the last stride, 

the take-off into the last stride, the initial horizontal velocity for the hop, 

were 9.27 0.30m/s for females. The initial velocity of the women was 

calculated as 89%. 

This data supports the hypothesis that the female athletes are 

able to produce about 90% of the amount kinetic energy produced (J.G. 

Hay, J.A. Miller, 1985- Techniques used in the triple jump). The mean is 

higher than ever described in the literature. Two of the women 
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maintained a constant CM velocity and two of them even decelerated in 

the very last phase of the run-up. 

The acceleration into the last stride and take-off into the hop 

seems to be an important factor to minimize speed reduction and energy 

loss during the hop. 

The correlation analysis indicates a significant (p<0.05) linear 

correlation between the CM’s velocity prior to the touch down for the 

take-off into the hop and the performance for the female jumpers. The 

correlation coefficients between the CM’s horizontal velocity prior to 

the take-off into the hop and the horizontal speed of the CM at take-off 

for the hop are highly significant (p<0.01). 
 

Table 4: Horizontal (vx) and vertical (vy) CM velocities at take-off for 
the hop, the step and the jump 

 
No. Name hop step jump 

vx vy vx vy vx vy 

1 Kasparkova 8.3 2.6 7.7 1.7 6.8 2.4 

2 Mateescu 8.8 2.4 7.9 1.6 6.7 2.5 

3 Govorova 8.3 2.5 7.5 1.3 6.2 2.8 

4 Vasdeki 8.6 2.5 7.8 1.1 6.7 2.4 

5 Hansen 8.6 1.9 7.7 1.8 6.5 2.5 

6 Marinova 8.2 2.4 7.5 1.7 6.3 2.6 

7 Bujin 8.0 2.4 7.3 1.5 6.1 2.8 

8 Blazevika 8.2 2.5 7.6 1.3 6.6 2.5 

 Mean 8.3 2.4 7.6 1.5 6.4 2.5 

Std.dev. 0.23 0.25 0.27 0.27 0.29 0.13 

 

During the take-off for the hop the horizontal CM velocity 

decreases and vertical velocity is achieved. The horizontal velocities at 

take-off for the hop were 8.3 0.23m/s for women. 

 
3. Conclusion 

The best trials of the eight female finalists of the World 

Championships were recorded and analysed using the video based 

motion analysis techniques. The data extracted provide detailed 

information on the effort distribution during the consequent jumps and 

on biomechanical parameters of the approach, the run, the hop, the step 

and the jump. 
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In the female subjects, only two of eight competitors performed 

the hop-dominated technique. The other women used the balanced 

strategy.  

For the female group, there are no comparable data available 

from the international literature.  

All subjects decrease horizontal speed of CM during the take-off 

for the hop. This phenomenon is possibly related to an optimal stiffness 

regulation of the lead-leg musculature prior to or during the take-off. In 

the step and the jump, the horizontal speed of the CM decreases (G.P., 

Bruggemann 1990).  

Further research will use the high-speed recordings of the single 

take-off and will provide a deeper inside view into the take-off strategies 

and especially into the use of elastic properties of the skeletal muscle 

system in jumping with high initial mechanical energy. 
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