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ABSTRACT
The 2009 IAAF World Championships in 
Athletics in Berlin presented German sport 
scientists with a rare opportunity to study 
the world’s best athletes in a top-level 
competition at a venue close to home. A 
team of 18 researchers from six institutions 
around the country planned, organised and 
carried out a major biomechanics research 
project at the championships with the sup-
port of the German athletic federation 
(DLV) and the IAAF. The project’s objec-
tives included making detailed analysis of 
the finals of the horizontal jumping events 
for both men and women. The approach 
velocity for each attempt was measured 
using a laser measurement device and 2D 
video analysis based on video recordings 
made with a high-speed video camera and 
was carried out on the best attempt by the 
top eight placers in each event. This report, 
prepared specially for NSA, provides analy-
sis and commentary on the data obtained 
by the project team, with sections on each 
of the events. The authors conclude with 
seven points that generally confirm the 
current technique models.
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Introduction

he 2009 IAAF World Championships in 
Athletics in Berlin presented German 
sport scientists with a rare opportunity 

to study the world’s best athletes in a top-level 
competition at a venue close to home. A team 
of 18 researchers from six institutions around 
the country planned, organised and carried 
out a major biomechanics research project 
at the championships with the support of the 
German athletic federation (DLV) and the IAAF. 
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The project’s objectives included making de-
tailed analysis of the long jump and triple jump 
events for both men and women. Data on vari-
ous parameters characterising the two events 
were collected using electronic measurement 
and kinematic techniques and then analysed 
in order to gain insights on the current state of 
the technical performance at the highest level 
of competition. This report presents the results 
and commentary on the research.

Methodology

Laser measurement of approach velocity

The approach velocity for each attempt in 
all the four events studied was measured using 
a laser measurement device (LAVEG Sports) 
made by Jenoptik. The instrument was placed 
on the right side of the runway at a distance of 
about 63m from the take-off board for the long 
jump competitions and at about 54m for the tri-
ple jump competitions. The laser beam was di-
rected at the lumbar region of the athletes’ back. 

The distance from the measuring instru-
ment to the target object (the athlete) was de-
termined at a sampling rate of 50 Hz. The mea-
surement signal was recorded using software 
developed by the research team (LSpeed 2.2) 
and further processed. The measurement val-
ues were smoothed using a Butterworth low-
pass filter (cut off frequency 5 Hz). 

The approach velocity was calculated as 
mean velocity for the intervals normally mea-
sured in previous studies (1-16m or 6-1m in 
front of the take-off board) by simple difference 
formation.

Kinematography

The kinematic characteristics of each at-
tempt were collected using 2D video analy-
sis. The video recordings were made with a 
high-speed video camera (Basler pilot piA640-
210gc) at a frame rate of 150 frames/sec and a 
resolution of 640x480 pixels. The camera was 
placed in the stands at a distance of about 
63m from the plane of motion and at a height 
of 31m above the runway. It was panned hori-
zontally for recording the movement during 

the last five strides through to the landing. The 
image section in the orthogonal plane of the 
camera as related to the plane of motion was 
approximately 3.80m wide and about 2.80m 
high. The video signal was fed directly into a 
laptop via a GigE connection and stored.

 A detailed analysis was made of the best 
jump by the top eight placers in the finals of 
each of the four competitions. Most of the 
movement characteristic data were collected 
by sampling 20 points of the athlete’s body 
(toe, heel, ankle, knee, hip, shoulder, elbow, 
wrist and hand on the right and left, neck and 
head) and two markers on the runway (one in 
front of and another one behind the athlete). 

In the long jump evaluation, seven images 
were digitised: four from the approach (the first 
ground contact each of the fourth to last to the 
final approach stride), two from the take-off (the 
first and last ground contacts) and one from the 
landing (the first ground contact) (see Figure 1).

In the triple jump evaluation, a total of nine 
images were digitised: two from the approach 
(the first ground contact of the penultimate and 
final approach strides), two from the take-off 
(the first and last ground contacts), two from 
the hop-step transition (the first and last ground 
contacts), and two from the step-jump transi-
tion (the first and last grounds) and one from the 
landing (the first ground contact) (see Figure 2).

By digitising three joint points (ankle, knee 
and hip) in four to six images of the respective 
support phases, measurement was made of 
the minimal knee angle during the take-off for 
the long jump and for the step and jump in the 
triple jump.

The scanning of the image coordinates was 
carried out with the aid of the SIMI Motion 7.5 
computer program. The coordinate transfor-
mation was made using a specially developed 
program that calculates the image scale, de-
pending on the distance of the image object to 
the origin of the coordinate system (orthogonal 
to the camera in relation to the plane of mo-
tion), and corrects the perspective image dis-
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Definition of evaluated features 

To describe and compare the occurrence of 
the features described below, the group mean 
values and dispersion parameters such as 
standard deviation and the variation are used. 
Furthermore, the theoretical relationships be-
tween the different characteristics given in 
Tables 1a – 1d (which are derived from recog-
nised biomechanical models, e.g. BALLREICH 

tortions depending on the angle of the camera 
in relation to the plane of motion. This way the 
position of each point relative to the scanned 
markers and thus in relation to the calculated 
original coordinate can be calculated.

Figure 1: Digitised pictures of the long jump

Figure 2: Digitised pictures of the triple jump

Based on the transformed coordinates for 
each image, the body centre of mass (CM) (ac-
cording to the center of gravity definition given 
by DEMPSTER, 1955) and all kinematic fea-
tures described below were calculated.

& BRÜGGEMANN, 1986; HAY et al., 1986) are 
quantified by calculating the correlation coeffi-
cients (Pearson Correlation). These correlation 
coefficients must be understood primarily as a 
descriptive measure to clarify the relationships 
between the characteristics within the groups 
studied and only partly as evidence of a causal 
relationship.

Table 1a: Definitions of the studied distance characteristics

•	 Official Distance – The distance given in the official final results.
•	 Effective Distance – The distance measured from the tip of the foot at take-off to the 

mark in the sand closest to the take-off board.
•	 Take-off Loss – The distance from the tip of the take-off foot at take-off to the front edge 

of the take-off board. 
•	 Landing Loss – The distance from the point of first ground contact of the heels in the 

landing pit to the mark in the sand closest to the take-off board if the athlete falls back-
ward during the landing and his/her buttocks make contact with the sand behind the 
heels.
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Table 1b: Definitions of the studied take-off preparation characteristics 

•	 Stride Length - The length of the third to last, penultimate and last approach strides 
(3last, 2last, 1last) in the long jump and the last two approach strides (2last, 1last) as well 
as the hop and step in the triple jump as measured from the tip of the support foot in one 
picture to the tip of the support foot in the next picture (Similar to the long jump, the jump 
length in the triple jump is measured from the tip of the foot at the point of take-off to the 
mark in the sand closest to the take-off board.).

•	 Relative Difference / Length – The percentage length difference between one ap-
proach stride and the previous one in the long jump or the percentage lengths of the hop, 
step and jump as related to the effective distance in the triple jump.

•	 Lowering of CM – The difference between the height of the athlete’s centre of mass at 
the beginning of the take-off and the median CM height at the beginning of the third to 
last and penultimate strides.

•	 Velocity 3last, 2last, 1last - The velocity of the athlete’s centre of mass during the last 
three approach steps measured as average stride velocity from the first ground contact 
of one stride to the first ground contact of the next stride.

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

Table 1c: Definitions of the studied take-off characteristics

•	 Take-off Velocity – The horizontal velocity of the athlete’s centre of mass at the moment 
of the take-off.

•	 Velocity Loss at Take-off – The change in the horizontal velocity of the athlete’s centre 
of mass at the moment of take-off in the long jump or during the support phase of the 
hop, step and jump in the triple jump.

•	 Vertical Velocity at Take-off – The velocity in the vertical direction of the athlete’s 
centre of mass at the moment of take-off in the long jump or in the hop, step and jump 
of the triple jump.

•	 Take-off Duration (of the support phase) – The time period of the take-off in the long 
jump or the support of the hop, step and jump in the triple jump.

•	 Inclination Angle – The angle measured from the vertical to the line between the heel of 
the take-off foot and the athlete’s centre of mass (see figure).

•	 Trunk Angle – The angle measured from the vertical to the axis of the athlete’s trunk at 
the beginning of the take-off in the long jump (see figure below) or at the beginning and 
end of ground contact in the hop, step and jump in the triple jump.

•	 Trunk Rotation – The angle of rotation of the axis of the athlete’s trunk from the begin-
ning until the end of the take-off in the long jump (see).

•	 Minimum Knee Angle – The smallest angle of the knee of the jumping leg during the 
take-off in the long jump or the step and jump in the triple jump.

•	 Angle of Projection – The angle the movement of the athlete’s centre of mass on leav-
ing the ground after the take-off or after the hop, step and jump

•	 Thigh/Lead-leg Angle at Take-off – The angle of the thigh of the swinging leg mea-
sured from the horizontal during the take-off in the long jump or the hop, step and jump 
(see figure).

•	 Thigh/Lead-leg Average Velocity – The mean angular velocity of the thigh of the 
swinging leg during the take-off in the long jump (see figure) or during the support phase 
of the hop, step and jump
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Angular characteristics in the take-off

Table 1d: Definitions of the studied landing characteristics

•	 Landing Distance – The horizontal distance between the athlete’s centre of mass and 
the heel at the first ground contact in the sand pit.

•	 Trunk Angle at Landing - The angle of the median axis of the athlete’s trunk measured 
to the horizontal at the beginning of the landing

•	 Knee Angle - The angle of the knee joint of the landing leg at the beginning of the land-
ing.

•	 Hip Angle – The angle of the hip joint of the landing leg (measured from the thigh to the 
trunk) at the beginning of the landing.

Landing characteristics
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Men’s Long Jump

Results 

Dwight Phillips made up for a disappointing 
Olympic Year in 2008 by winning his third long 
jump gold medal in this competition with a leap 
of 8.54m, the sixth best mark of the year (three 
of the better marks were by Phillips himself). 
After taking the lead with a first round jump of 
8.40m, on which his take-off was more than 
20cm behind the board, he responded to the 
challenge of Olympic silver medallist Godfrey 
Khotso Mokoena’s 8.47m with the winning 
jump in the second round. Mokoena’s mark 
put him second again and Australia’s Mitchell 
Watt took the bonze medal with 8.37m (see 
Table 2).

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

With an average distance of 8.24m and a 
standard deviation of 0.19m, the performance 
level in the final was similar to that at the 2007 
IAAF World Championships in Athletics in Osa-
ka (8.24m and 0.20m) and significantly better 
than in the 2008 Olympic Games in Beijing 
(8.17 and 0.10m).

The effective distance of most of the jump-
ers was only slightly greater than the official 
distance, since the average take-off loss was 
only 0.05m. Thus, the approach accuracy of 
the jumps evaluated can be regarded as very 
good. Lapierre was the only jumper whose 
take-off loss in his best jump was more than 
10cm, all the other jumpers show significantly 
lower losses on their best jumps (see Table 3). 
There was no athlete who showed a measur-
able landing loss (see Table 3). 

Table 2: Results of the men’s long jump final (m) at the 2009 IAAF World Championships in Athletics (wind 
readings are shown in parentheses in m/sec)
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Table 3: Distance characteristics of the individual best jumps in the men’s long jump final at the 2009 IAAF 
World Championships in Athletics

In almost all athletes studied here, the ap-
proach velocity slightly increased in the pen-
ultimate stride (2last) and decreased in the last 
stride (1last). This behaviour is closely related 
to the stride length design. The more extended 
the penultimate stride, and especially the more 
shortened the last stride, the more significant 
is the velocity decrease in the last stride. Ruth-
erford accelerated even up to the take-off 
board by the extension of his last stride. 

Overall, there is a relatively high correlation 
between the approach velocity and the effec-
tive distance achieved. Although the correla-
tion coefficient of r = 0.69 is not as high as 
in other studies (HAY et al., 1986; Nixdorf & 
Brüggemann, 1990a; LEE et al., 1994), it illus-
trates the importance of this feature and Phil-
lips’ victory can be seen primarily as a result of 
his outstanding approach velocity.

Take-off preparation

With the exception of Rutherford, who 
slightly shortened his penultimate stride, the 
take-off preparation of the top eight placers 
was characterised by a short-long-short struc-
ture of the last three strides (see NIxDORF 
& BRÜGGEMANN, 1983, 1990b; HAY et al. 
1986; MÜLLER & BRÜGGEMANN, 1997). The 
penultimate stride (2last) was extended by an 
average of 0.14m, about 6% in comparison 
with the third to last stride (3last). The final 
stride (1last), however, was shortened by an 
average of 0.24m, about 9% compared to the 
penultimate stride (2last). The relatively large 
dispersion within this movement pattern is 
notable. Thus, in Phillips and Sdiri there was 
a pronounced extension of the penultimate 
stride of 14 or 16%, while the remaining jump-
ers extended this stride by only 2-7%. 

There was an average lowering of the CM by 
about 8cm. But in this group, there is no con-
nection between lowering of the CM and the 
vertical take-off velocity generated (see Table 4).
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Figure 3: Velocity during take-off preparation in the individual best jumps in the men’s long jump final at the 
2009 IAAF World Championships in Athletics

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

Table 4: Take-off preparation characteristics of the individual best jumps in the men’s long jump final at the 
2009 IAAF World Championships in Athletics

[m]

[m/sec]
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Figure 4: Relationship between the loss of horizontal velocity and the vertical velocity generated in the take-off 
of the individual best jumps in the men’s long jump final at the 2009 IAAF World Championships in Athletics.

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

Olympic Games or the 1997 World Cup (see 
NIxDORF & BRÜGGEMANN, 1990a; MÜLLER 
& BRÜGGEMANN, 1997). Although the angle 
of projection correlates closely with the verti-
cal velocity generated (r = 0.99), there is only 
a small correlation with the jumping distance 
achieved.

Looking at the characteristics of the take-
off, there was an average take-off duration of 
0.119 sec, which is within the range given in the 
literature (see BALLREICH & BRÜGGEMANN, 
1986), but is in no way connected with the 
jumping distance achieved. 

The relatively strongly pronounced average 
inclination angle of 25° is relatively closely re-
lated to the loss of velocity at take-off (r = 0.62). 
In this group, the inclination angle was very 
strongly affected by the trunk angle (r = 0.91). 
The athletes with the greatest inclination angle 
(Tomlinson, Phillips and Lapierre) also showed 
the strongest backward lean of the trunk at the 
beginning of the jump.

During the jump, there was an average for-
ward rotation of the trunk of 10°. A slighter rota-
tion of the trunk, as in Watts and Tomlinson, 
indicates a stronger stretching of the hip in a 
horizontal direction. However, in this group, this 
feature was not related to the velocity param-
eters of the jump or the jump distance.

The take-off

The average loss of velocity at take-off in the 
best jumps of the top eight placers was 1.61 m/
sec (see Table 5). For most of the jumpers, this 
value scatters between 1.25 and 1.78 m/sec. 
The exception is Lapierre, who with a loss of 
2.30 m/sec shows an extreme above-average 
value. However, due to his take-off technique 
he generated an equally above-average verti-
cal velocity of 4.23 m/sec (see Figure 4). In this 
way he compensated for his rather poor ap-
proach velocity and jumped farther than other, 
faster athletes. 

The average vertical velocity at take-off 
for all the finalists was 3.53 m/sec. Removing 
Lapierre’s exceptional velocity values gives an 
average of 3.43 m/sec. The vertical velocity 
reached at take-off strongly depends on the 
loss of velocity at take-off (r = 0.93). This means 
that in order to produce high vertical velocities, 
a stronger deceleration at the take-off board 
must be taken into account. 

The extent of the vertical velocity is reflect-
ed in the take-off angle or angle of projection. 
Among the finalists in Berlin, this amounted to 
an average of 22.2°. However, discounting the 
Lapierre’s outlier, the average was 21.3° and, 
like the vertical velocity, was only slightly great-
er than in previous big events like the 1988 

[m/sec]
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The average minimum knee angle of the 
take-off leg during the jump was 141°, which 
is roughly identical with the data presented 
by LEE et al. (1994). However, the dispersion 
of this feature is relatively large. While Ruther-
ford’s and Lapierre’s knee angles were 149° 
and 147°, respectively, indicating relatively stiff 
ankle bones, Tomlinson’s flexion angle of 132° 
is significantly smaller. This may be due to the 
high forces that are created by his strong brac-
ing action at the start of his jump.

The Landing

The characteristics of the landing were very 
different between the studied jumps and thus 
reflect the different techniques and conditions 
that are typical of this movement phase. The 
average landing distance was 0.54m with a 
large range from 0.36m (Lapierre) to 0.70m 
(Sdiri), ie a difference of about 95%. The rela-
tionship between the landing distance and the 
effective jumping distance is r = -0.37 and thus 
relatively low. However, it is interesting that this 

relationship tends to be negative. This means 
that the landing distance of the better jumpers 
is rather small. This can be partly explained by 
the fact that large landing distances, as seen 
with Sdiriand Garenamotse, are associated 
with a fully upright trunk and a highly extended 
hip. This posture leads to a relatively high po-
sition of the CM at the time of landing, which 
shortens the flight curve of the CM and thus the 
flight distance.

In contrast, Phillips and Rutherford exhibited 
a clear forward lean of the trunk and a strong 
flexion of the hip, which leads to a shorter land-
ing distance on the one hand but results in a 
lengthening of the flight curve by the low land-
ing position on the other hand. From this point 
of view, Lapierre’s landing can be regarded as a 
failure, because due to the extremely long dura-
tion of his flight phase the forward lean of his 
body was too strong and he was forced to ex-
tend his hip too early and too much.

Table 6: Landing characteristics of the individual best jumps in the men’s long jump final at the 2009 IAAF 
World Championships in Athletics
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Table 7: Results of the women’s long jump final (m) at the 2009 IAAF World Championships in Athletics (wind 
readings are shown in parentheses in m/sec)

Women’s Long Jump

Results

Brittney Reese completed a double of the 
long jump gold medals for the USA with her 
world leading 7.10m, the best mark since 1997. 
She became the third American woman in his-
tory to win the title. The defending champion 
Lebedeva (RUS) led briefly in the second round 
with her best jump of 6.97m and then had to 
settle for second place. The bronze medal went 
to Karin Mey Melis (TUR) who jumped 6.80m 
(see Table 7).

With an average jumping distance of 6.80m 
and a standard deviation of 0.16m, the perfor-
mance level was comparable with that of both 
the 2007 IAAF World Championships in Athlet-
ics (6.83m and 0.14m) and the 2008 Olympic 
Games in Beijing (6.81m or 0.17m).

The average effective distance 6.85m is only 
a little greater than the official distance, be-
cause the average loss in the long jump was 
only 0.05cm. Therefore, as with the men, the 
approach accuracy of the evaluated jumps 
must be judged as very good. Here, too, one 

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

athlete (Maggi) showed a loss at the take-off 
board that is greater than 0.10m. With 0.09m 
and 0.08m, Gomes and Reese also demon-
strate an above-average loss of distance at 
the take-off. In the case of Gomes, this led to 
the loss of the bronze medal. Only one athlete 
(Balta) showed a landing loss that can be con-
sidered as relatively large (0.13m) (see Table 8).

Take-off preparation

In all the studied athletes, the take-off prep-
aration was characterised by a typical short-
long-short structure of the last three strides. 
The penultimate stride (2last) was extended 
by lengthening of the penultimate step of only 
15cm, or about 7%. These values are in the 
range of the values found in the men. 

Similar to the men, the final stride (1last) 
was reduced by an average of 0.24m, or 
about 10%, as compared to the penultimate 
stride (2last). Here, a large dispersion can be 
an average of 0.20m, or about 10%, com-
pared with the third to last step (3last). How-
ever, these values are slightly distorted due 
to the extreme step lengthening exhibited by 
Reese (28%). Taking Reese from consideration 
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Table 8: Distance characteristics of the individual best jumps in the women’s long jump final at the 2009 IAAF 
World Championships in Athletics

gives an average observed within the group. 
Thus, the shortening of the last step in both 
Reese (19%) and Gomes  (20%) was extreme, 
while Lebedeva and Proctor shortened their 
last stride by only 3% and 2%, respectively.

The average lowering of the CM was about 
6cm. Figure 5 shows that there is a relatively 
high correlation between the lowering of the CM 
and vertical take-off velocity created (r = 0.73).

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

In almost all the studied athletes, there was 
a slight increase of the approach velocity in the 
penultimate step (2last) before the take-off and 
a decrease again during the final stride (1last). 
However, there is no close correlation of the ve-
locity course with the stride length pattern, as 
was observed in the men. The relationship be-
tween approach velocity and effective jumping 
distance, however, is similarly close to that of the 
men (correlation coefficient r = 0.65). 

Table 9: Take-off preparation characteristics of the individual best jumps in the women’s long jump final at the 
2009 IAAF World Championships in Athletics

[m]



New Studies in Athletics · no. 3/4.201138

Figure 5: Relationship between vertical velocity and lowering of the CM in the take-off of the individual best 
jumps in the women’s long jump final at the 2009 IAAF World Championships in Athletics

Figure 6: Velocity during take-off preparation in the individual best jumps in the women’s long jump final at the 
2009 IAAF World Championships in Athletics

Figure 7: Relationship between the loss of horizontal velocity and the vertical velocity generated in the take-off 
of the individual best jumps in the women’s long jump final at the 2009 IAAF World Championships in Athletics

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics
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That the approach velocity is very important 
in the women’s long jump, too, is supported by 
the fact that the gold medal was won by the fast-
est athlete (Reese). However, this is mitigated by 
the fact that the slowest athlete of the group 
(Mey Melis) won the bronze medal. This was 
possible because Mey Melis athlete was able to 
compensate for her slow approach velocity with 
above-average vertical velocity in the take-off.

The take-off

The average loss of velocity at take-off was 
1.42 m/sec. This is less than in the men, al-
though there is a dispersion of the individual val-
ues in a similar range from 1.22 to 1.76 m/sec. 
In general, the correlation between the achieved 
vertical velocity and the loss of velocity at take-
off is significantly lower than among the men 
(r = 0.58) (see Figure 6). However, the trend is 
similar: female athletes, who generated higher 
vertical velocities at take-off, like Lebedeva or 
Kucherenko, generally slowed down to a great-
er extent during the take-off. Maggi, the athlete 
with the lowest loss of velocity at the take-off 
board, generated the lowest vertical velocity at 
take-off. Only Mey Melis managed to achieve a 
high vertical velocity in spite of a relatively small 
loss of velocity. This is an indication of a very 
successful take-off technique. Here, too, the 
vertical velocity determines the projection angle, 
which was 21.9° on average and is thus consid-
erably larger than in previous events such as the 
1988 Olympic Games or the 1997 IAAF World 
Championships in Athletics (see NIxDORF & 
BRÜGGEMANN, 1990a; MÜLLER & BRÜGGE-
MANN, 1997). This can only be explained by 
the lower horizontal take-off velocity, since the 
average vertical velocity was only slightly higher 
than in the aforementioned competitions. Al-
though the take-off angle correlates closely with 
the generated vertical velocity (r = 0.96), there 
is only a slight relationship with the jumping dis-
tance achieved. 

With regards to the take-off characteris-
tics, the average take-off duration was 0.115 
sec, which is slightly shorter than in the men. 
However, as with the men, there is no correla-
tion between take-off duration and the distance 
achieved. 

The average inclination angle was 26°, 
which is the same as with the finalists in the 
1988 Olympic Games (Nixdorf & Brüggemann, 
1990a), and depends to a moderate extent 
on the vertical velocity created at take-off (r 
= 0.59). In this group, the inclination angle, in 
contrast to the men, was negatively related to 
the trunk angle (r = -0.81). A more pronounced 
bracing is usually associated with a more up-
right posture of the trunk at the beginning of 
the take-off. Thus, the larger inclination angle 
can only be caused by a lower position of the 
CM or by placing the take-off foot further in 
front of the body. 

During the take-off, there was an average 
forward rotation of the trunk of 6°. Although 
this figure is significantly less than we see in 
the men’s finalists, the dispersion is consider-
ably greater.

While Balta maintained the backward lean 
of her trunk almost constantly throughout the 
take-off, Lebedeva rotated forward by 15° and 
left the ground with a slight forward lean of 
her trunk. In the women, there is a moderate 
correlation between the trunk rotation and the 
loss of horizontal velocity at take-off (r = 0.53). 
Greater trunk rotation is associated with a 
more rigid position of the hip joint and thereby 
with a slightly harder deceleration.

The minimum knee angle of the take-off leg 
during the take-off was an average of 137°. 
Both this value and the dispersion are smaller 
than observed in the men. The greatest knee 
flexion was demonstrated by Reese (128°) and 
the smallest by Maggi (142°). The expected 
relationship of this feature with the lowering 
of the CM at the beginning of the take-off (r = 
-0.47) and with the inclination angle (r = -0.58) 
is low to moderate, and is only an indication of 
the tendency that a lower position of the CM 
and a greater inclination angle at the beginning 
of the take-off lead to a greater knee flexion 
in the take-off. The negative correlation of the 
minimum knee angle with the effective jump-
ing distance is not high (r = -0.58) but tends to 
suggest that a “softer” take-off behaviour has a 
negative effect on jumping distance.
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Table 11: Landing characteristics of the individual best jumps in the women’s long jump final at the 2009 IAAF 
World Championships in Athletics

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

The landing

In the women, the characteristics of the 
landing present a much more homogeneous 
picture than with the men. If one considers 
the mean values of the various parameters, no 
significant difference from the men can be ob-
served. However, the dispersion is significantly 
less. The medium landing distance was 0.49m 
and varies from 0.44m (Proctor) to 0.53m (Mey 
Melis). Here, too, the correlation between the 
landing distance and the effective jumping dis-
tance is low (r = 0.27). Thus, for the women 
long jumpers in Berlin as with for the men, this 
phase was not crucial for success.

The landing position was similar for all 
jumpers in this group. The average trunk angle 
was 74° and varied between 60° and 87°, so 
that there is in all cases a moderate forward 
lean of the body. The average knee angle was 
144°, and only Proctor exhibited a knee angle 
less than 130°. Thus, nearly all jumpers dem-
onstrate an almost straight position of the legs. 
The average hip angle was 86°, which is 11° 
less than in the average for the men. Only Mey 
Melis and Balta with 106° and 98°, respec-
tively, demonstrate a relatively strong but not 
overly extended hip position. In summary, in all 
women the landing position can be considered 
as good and appropriate.

Men’s Triple Jump

Results

Phillips Idowu (GBR) produced a 17.73m 
jump, his personal best and the world leading 
mark for the year, when it counted to take the 
triple jump gold medal. Defending world and 
Olympic Champion Nelson Evora (POR), who 
led the competition after the first round and 
later improved to 17.55m, had to settle for sec-
ond. Third place went to Alexis Copello (CUB) 
at 17.36m (see Table 12).

With an average distance of 17.28m and a 
standard deviation of 0.29m, the performance 
level of the finalists was 0.08m lower and thus 
only slightly weaker than at the 2008 Olympic 
Games in Beijing (17.36m and 0.28m). How-
ever, the average distance of the finalists in 
Berlin was comparable with that at 2007 IAAF 
World Championships in Athletics (17.27m and 
0.31m). 

In Table 13 we see that at 17.40m, the aver-
age effective distance was significantly greater 
than the average official distance, since the 
average loss of distance at the take-off board 
was 0.11m. Although with three of the finalists 
there was a loss of 0.18m and more, the final 
results would hardly have changed on basis of 
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Table 12: Results of the men’s triple jump final (m) at the 2009 IAAF World Championships in Athletics 
(wind readings are shown in parentheses in m/sec)

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

the effective distances. Only Gregorio would 
have improved (from 8th to 7th) if his take-off 
had been more accurate.

The average distances of the partial jumps were 
6.35m for the hop, 5.29m for the step, and 
5.76m for the jump. When using a relative cal-
culation, these partial jumps represent 36.5%, 
30.4% and 33.1% of the total jumping distance. 
Based on the classification of triple jump tech-
niques proposed by HAY (1990) - i.e. hop-dom-
inated, jump-dominated or balanced - these 
average distances show that there was a clear 
dominance of the hop, since this was more than 
2% longer than the jump. The hop-dominant 
technique can be observed in six of the eight 
finalists (see coloured values in Table 9). Only 
Copello and Girat, i.e. the two Cuban jumpers, 
demonstrated a balanced distribution of the 
partial jumps. An analysis of the relationships 
between the partial distances and the effective 
jumping distance shows that performance was 
highly dependent on the distances achieved in 
the step and the jump (r = 0.74 and 0.68), while 
the distance achieved in the hop is not correlat-
ed with the total distance achieved in this group.

Take-off preparation

With the exception of Li, the take-off prepa-
ration of the finalists was characterised by a 
typical short-long-short design of the last 
two approach strides. The last stride (1last) 
was shortened by an average of 17cm, or by 
about 6%, in comparison with penultimate 
stride (2last). Although there is a large disper-
sion within the group (Sands shortened his last 
stride by 21% while Li actually lengthened his 
last stride by 7%), in most of the athletes stud-
ied here, a shortening of the last stride by 2-5% 
can be found. Thus, the kinematic structure of 
the last two strides is only a little changed. 

The approach velocity did not change very 
much either. In most triple jumpers there was 
a tendency towards a slight acceleration dur-
ing the last stride. This behaviour differs signifi-
cantly from the take-off preparation in the long-
jump, since the take-off board is “run over” as 
it were. The velocity during the last stride of the 
athletes studied here reached an average of 
10.14 m/sec and there was a variation between 
9.88 m/sec (Girat) and 10.53 m/sec (Idowu). 
This is very much in agreement with the find-
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Table 14: Stride length and horizontal velocity during the last two approach strides of the individual best jumps 
in the men’s triple jump final at the 2009 IAAF World Championships in Athletics

Biomechanical Analysis of the Horizontal Jumping Events at the 2009 IAAF World Championships in Athletics

ings from the 1997 IAAF World Championships 
in Athletics (MÜLLER & BRÜGGEMANN, 1997). 

There was only a slight correlation between 
approach velocity and the effective jumping 
distance (r = 0.38). Although the fastest ath-
lete was the winner, the second-fastest athlete 
(Gregorio) was only eighth and the third placed 
(Copello) was only the sixth fastest. This trend 
shows that within a group of such homoge-
neous performances a speed deficit can be 
compensated by technique and strength as we 
saw in the long jump in Berlin.

The hop

The average horizontal velocity during the 
hop phase was 9.38 m/sec, resulting in an av-
erage loss of velocity of 0.76 m/sec at take-off. 
Both parameters show a relatively low disper-
sion. Although in Coppello and Sands, a sig-
nificantly lower deceleration at take-off can be 
observed (0.51 and 0.61 m/sec respectively), 
most of the studied athletes lost between 0.73 
and 0.95 m/sec.

The average of the vertical velocity generated 
during the take-off for the hop was 2.48 m/sec 
and shows a slight dispersion between 2.27 m/
sec (Copello) and 2.68 m/sec (Evora). Similar 
to the long jump, this characteristic is closely 

associated with the deceleration at the take-off 
board (r = 0.70). This means that the athletes 
whose take-off was more upwardly directed 
usually decelerated more during the take-off. 

The average amounts of these parameters 
are largely consistent with the results from the 
1997 IAAF World Championships in Athletics 
(MÜLLER & BRÜGGEMANN, 1997). There is an 
expectedly moderate correlation between the 
vertical velocity and the hop distance (r = 0.51)

The average take-off duration for the hop 
was 0.117 sec and there was only a small varia-
tion between 0.107 and 0.127 sec. The duration 
was strongly influenced by the inclination angle 
(r = 0.93). The greater the backward lean of the 
body, the longer the duration of the take-off. 
However, the support time is only moderately 
correlated with the hop distance (r = 0.52).

The inclination angle was not, as might have 
been assumed, influenced by the trunk posture 
at the start of the take-off (trunk angle TD). The 
average trunk angle was 91° and hardly differs 
from the trunk angle at take-off (trunk angle TO), 
which was an average of 90°. Most of the stud-
ied jumpers kept their trunk in a stable upright 
position throughout the entire take-off. Only 
two deviated from this trend slightly and in dif-
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Championships in Athletics, there was a slightly 
higher vertical velocity with a slightly lower loss 
of velocity (MÜLLER & BRÜGGEMANN, 1997).

The correlation between the vertical veloc-
ity and the length of the step is r = 0.42. This 
means that the influence of vertical velocity on 
the length of the step is even lower than with 
the hop. Moreover, there was no clear correla-
tion between the other velocity characteristics 
and the step length.

The average support duration of the take-off 
for the step was 0.153 sec and varied between 
0.140 se (Li) and 0.170 sec (Spasovkhodskiy), 
a dispersion about 50% greater than in the 
hop. In the step, too, the take-off duration was 
closely related to the inclination angle (r = 0.85). 
Since the inclination angle also correlates with 
the loss of horizontal velocity (r = 0.71), we can, 
as expected, assume that a stronger backward 
lean of the body or a more pronounced bracing 
action can lead both to a stronger deceleration 
as well as to a longer support time. However, as 
in the hop, this was not determined by the trunk 
angle at the start of the take-off. This angle was 
90° on average at the end of the hop and ro-
tated forward during the take-off for the step 
by an average of 8°. Here, relatively large differ-
ences can be observed between the jumpers: 
While Copello and Idowu rotated by just 3° or 
4°, respectively, and thus maintain a relatively 
upright trunk posture during take-off, Gregory 
and Girat demonstrated very strong rotations 
of 15° or 13°, respectively. This means that the 
forward lean of their trunk at take-off was very 
pronounced.

As far as the characteristics of the swing-
leg thigh are concerned, the average angle 
was -20° and the angular velocity was 612°/
sec. Both parameters are significantly less and 
there is considerably more dispersion than in 
the hop. However, the positive correlation of 
the vertical velocity generated with the swing-
leg angle at take-off (r = 0.72) and with the 
swing-leg velocity (r = 0.51) can be observed 
here, too. Thus, even in this part of the jump 
the take-off angle was partly controlled by the 
swing-leg movement. In addition, the moder-

ferent directions: while Idowu rotated backward 
by about 5° from a slight forward lean of the 
trunk to an upright position, Spasovkhodskiy at 
first showed a slight backward lean of the trunk 
and then rotated forward by about 6° during the 
take-off.

The motion of the swing-leg thigh was char-
acterised by the angle of the thigh at the take-
off, which was -14° on average (i.e., below the 
horizontal line), and by the mean angular velocity 
of the thigh, which was an average of 725°/sec. 
It can be assumed that the movement of the 
swing leg can affect primarily the deceleration 
at the take-off and the vertical velocity. Among 
the finalists in Berlin, there was the tendency to-
wards a positive correlation between the angle 
of the swing leg at take-off with the vertical ve-
locity generated (r = 0.63), although this corre-
lation is only moderate. This means that in the 
case of a too low swing leg, such as in Copello, 
a lower vertical velocity was reached. Although 
the relationship between the swing-leg angle at 
take-off and the velocity loss is small, it is posi-
tive (r = 0.46). It can therefore be assumed that, 
in the hop, the take-off angle can be controlled 
in part by the lead of the swing-leg thigh during 
the take-off.

The step

The average horizontal velocity during the 
step was 8.29 m/sec. Thus, compared to the 
hop, there was an average loss of velocity of 
1.08 m/sec. Both parameters show a relatively 
low dispersion. The lowest velocity loss was 
observed in Evora (0.94 m/sec), while the high-
est was observed in Idowu (1.24 m/sec).

The average vertical velocity generated dur-
ing the take-off for the step is 2.06 m/sec and 
varies between 1.75 m/sec (Gregorio) and 2.32 
m/sec (Girat). Thus, the average was consider-
ably lower than in the hop and the dispersion 
was much greater. However, the vertical veloc-
ity is here not dependent on the loss of velocity 
in the take-off. The correlation between the two 
characteristics is low and negative (r = -0.27), 
so we can say that a stronger deceleration even 
led to a vertical velocity that tends to be lower. 
Compared to the results of the 1997 IAAF World 
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ate negative correlation between the swing-leg 
velocity and the loss of velocity at take-off (r = 
-0.54) indicates that by a faster movement of 
the swing leg the braking effect at take-off can 
be reduced to some extent.

The jump

The average horizontal velocity during the 
jump was 6.99 m/sec. Compared to the step, 
there was an average loss of velocity of 1.31 
m/sec. This higher value and the significantly 
greater dispersion compared to the hop and 
step, were mainly caused by Evora. Due to an 
extremely strong deceleration of 1.76 m/sec, 
he only reached a significantly below-average 
velocity of 6.50 m/sec. The remaining jumpers 
reached velocities between 6.93 and 7.26 m/
sec, demonstrating a loss of velocity of be-
tween 1.09 and 1.48 m/sec. These values cor-
respond to the dispersion range of the hop and 
the step. However, on average, the loss in ve-
locity in the jump is significantly greater than in 
the hop and step.

The average vertical velocity generated in 
the take-off for the jump was 2.63 m/sec and, 
with the exception of the outlier produced by 
Evora (3.14 m/sec), varied only between 2.36 
and 2.70 m/sec. A close correlation (r = 0.80) 
between the vertical velocity and the velocity 
at take-off can only be ascertained when Evo-
ra’s values are taken into account. However, 
this illustrates that the higher vertical veloc-
ity of Evora was only achieved by a stronger 
deceleration. Taking Evora into account, both 
the vertical velocity and the loss of velocity in 
the take-off were significantly lower than in the 
1997 IAAF World Championships in Athletics 
(MÜLLER & BRÜGGEMANN, 1997), which un-
derlines that the hop-dominant jumping tech-
nique was used more frequently in Berlin.

The relationship between the vertical veloc-
ity and the distance achieved in the jump is 
at a similarly moderate level to that in the hop 
(r = 0.51). 

As far as the movement of the swing leg is con-
cerned, there was an average thigh angle of 
17° and an angular velocity of 550°/sec. 

Here, although the swing leg is moved at a 
slightly higher position than in the step, the 
movement velocity of the swing leg is consid-
erably slower due to the much longer support 
duration. The positive relationship between the 
swing-leg angle at take-off and the vertical ve-
locity generated can also be observed here (r 
= 0.67), provided the extreme value of Evora is 
not considered.

The average take-off duration of the take-off 
for the jump was 0.174 sec and the values and 
varied between 0.140 sec (Li) and 0.193 sec 
(Gregorio). Again, the large dispersion is only 
caused by Li’s value, because the duration val-
ues of the remaining jumpers were much clos-
er to each other (0.167 to 0.193 sec) and thus 
within the normal dispersion range of the hop 
and the step. Similar to the hop and step, the 
take-off duration for the jump correlates close-
ly with the inclination angle (r = 0.83). Thus, a 
stronger bracing led to a longer support time 
and sometimes even to a stronger deceleration 
in the take-off (r = 0.60). 

However, there is no correlation between the 
inclination angle and the body posture at the 
start of the take-off (trunk angle TD). Here, the 
trunk angle is 89° on average and rotates for-
ward during the take-off by an average of 12°. 
The differences between the jumpers are rela-
tively clear. While Idowu, Sands and Gregorio 
pass from a light backward lean of the trunk at 
the end of the step to a forward lean of the trunk 
in the take-off for the jump, in Evora, Girat and 
Spasovkhodskiy a significant forward lean of 
the trunk can already be observed at the begin-
ning of the ground contact.

The Landing

The average landing distance was only 0.41 
m, which means that it is 0.13 m (i.e., over 25%) 
less than that in the long jump finalists. The dif-
ferences within the group of triple jump finalists 
are also large: Sand’s landing distance was 
0.52m, while Li’s was only 0.27m. However, as 
in the long jump, this parameter is of no great 
importance for the overall distance, as there 
is no correlation between the landing distance 
and the effective jumping distance (r = -0.09).
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The landing position was characterised by a 
forward lean of the trunk, which was 74° on av-
erage. The average knee angle was 122° and 
thus significantly smaller than in the long jump 
and the dispersion (between 75° and 147°) 
was greater. 

The average hip angle was only 75°, which 
was significantly less than in the long jump. 
However, the variation range of this feature 
was between 36° (Li) and 113° (Evora and 
Sands), i.e., from an extremely bent to a rela-
tively extended hip position.

Women’s Triple Jump

Results

Defending champion and favorite Yargelis 
Savigne (CUB) became the second woman to 
win two consecutive world titles in the triple 
jump with a 14.95m. Her teammate Mabel Gay 
led briefly after the second round and eventual-
ly jumped 14.61m to take the silver medal. Third 
place went to Anna Pyatykh (RUS), whose best 
on the day was 14.58m (see Table 19).

The performance level in this discipline was 
far below that achieved in the major events of 
the previous two years. The average distance 
of the finalists was 14.51m, 0.57m shorter than
what was achieved by the finalists at the 2008 
Olympic Games in Beijing (15.08m) and 0.34m 
shorter than the finalists at the 2007 IAAF 
World Championships in Osaka (14.85m). Sav-
igne’s winning mark was 0.33m shorter than 
in Osaka and the first in a decade below 15m 
to take a world championship gold medal (six 
athletes in Beijing jumped over 15m). 

The average effective distance was 14.61m, 
only a little larger than the average official dis-
tance since the average loss of distance at the 
take-off was only 0.10m. Although two jump-
ers, Gay and Pyatykh, showed a relatively 
large loss of distance at the take-off of 0.17m 
and 0.19m, respectively, final placement on the 
basis of the effective distance would remain 
unchanged.

The average distances of the partial jumps 
were 5.38m for the hop, 4.20m for the step, 
and 5.03m for the jump. The ratio of these par-

Table 18: Characteristics of the landing in the individual best jumps in the men’s triple jump final at the 2009 
IAAF World Championships in Athletics
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tial distances was 36.8%, 28.8% and 34.4%, 
respectively, of the total distance. This dem 
onstrates the dominance of the hop, al though
it was significantly less than in the men. The 
consideration of the individual results shows 
that only four athletes had a hop-dominant 
technique (coloured values in Table 20) and 
the remaining four jumpers demonstrate a bal-
anced distribution of the partial jumps. 

The most striking difference with the men’s 
finalists in Berlin was the significantly shorter 
step phase. Compared to the 1997 IAAF World 
Championships in Athletics, it can be conclud-
ed that the distance of the hop is comparably 
large and that the largest differences (both in 
absolute and percentage terms) are the slightly 
longer step and the significantly shorter jump 
(MÜLLER & BRÜGGEMANN, 1997).

The analysis of the correlations between 
the partial distances and the effective jumping 
distance leads to less significant values than 
in the men. There is a moderate relationship 

Table 19: Results of the women’s triple jump final (m) at the 2009 IAAF World Championships in Athletics (wind 
readings are shown in parentheses in m/sec)

between the total distance and the hop and 
jump distance (r = 0.54 bzw. 0.51), whereas the 
correlation with the distance of the step is only 
slight (r = 0.24).

Take-off preparation

The average length of the final stride (1last) 
was 0.08m, approximately 3%, less than the 
penultimate stride (2last) (see Table 21). Similar 
to the differences within the group, this reduc-
tion was half as large as with the men. This 
can be attributed to the inconsistent structure 
of the last two structure in the take-off prepa-
ration: only five jumpers showed the usual 
long-short rhythm, while in three, including 
the winner, had a slight lengthening of the last 
stride. The dispersion reaches from -11% (Gay) 
to +5% (Savigne). This means that it is consid-
erably smaller than in the men. 

In most triple jumpers, the velocity of the 
final stride remains constant or increases 
slightly compared with the penultimate stride. 
In Berlin, there was hardly a change in the last 
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Table 21: Stride length and horizontal velocity during the last two approach strides of the individual best jumps 
in the women’s triple jump final at the 2009 IAAF World Championships in Athletics
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two strides and there was only one finalist, Bu-
jin, who slowed down slightly in the final stride. 
This finding agrees well with the findings at the 
1997 IAAF World Championships in Athletics 
(Müller & Brüggemann, 1997). 

The average approach velocity in the last 
stride was 9.08 m/sec. The values varied from 
8.84 m/sec (Bujin) to 9.39 m/sec (Savigne). 
The correlation between this feature and the 
total jumping distance is as low as with the 
men’s finalists (r = 0.38). However, here, too, 
the fastest athlete was the winner. Conversely, 
the second fastest athlete (Veldakova) reached 
only place eight. Thus, the women confirm the 
trend already observed in the men that in the 
triple jump, an approach velocity deficit can be 
better compensated through technique and 
strength than in the long jump.

The hop

The average horizontal velocity during the 
hop was 8.35 m/sec, with an average loss of 
velocity of 0.73 m/sec during the take-off. Al-
though the horizontal velocity shows a similar 
dispersion in the women’s finalists as for the 
men, it was slightly greater from a relative point 
of view. However, in seven of the women’s fi-
nalists, the deceleration during the take-off 
was within a relatively narrow range from 0.68 

m/sec. to 0.83 m/sec, while only Lebedeva 
demonstrates a significantly lower loss of ve-
locity of 0.53 m/sec.

The average vertical velocity generated dur-
ing the take-off for the hop was 2.37 m/sec. 
With values ranging between 2.24 m/sec and 
2.49 m/sec, the dispersion was significantly 
lower than for the men. The results of these 
parameters are very similar to the values mea-
sured at the 1997 IAAF World Championships 
in Athletics (MÜLLER & BRÜGGEMANN, 1997). 

The vertical velocity depended very much 
on the deceleration at the take-off board (r 
= 0.83). Thus, athletes who took off “higher” 
slowed down more during the take-off. The 
correlation of vertical velocity with the hop dis-
tance (r = 0.46) is moderate, but slightly less 
than in the men’s finalists.

The average take-off duration during the 
take-off for the hop was 0.122 sec and scat-
tered only from 0.107 sec to 0.140 sec. Thus, 
the duration and the dispersion are a little 
greater than in the men. The take-off dura-
tion is associated with the inclination angle (r = 
0.78), although not as closely as with the men. 
The correlation with the hop distance is small-
er, as well (r = 0.42).
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Among the women’s finalists the inclination 
angle was not affected by the trunk posture at 
the beginning of the take-off (Trunk Angle TD). 
The average angle was 89° and differs little 
from the trunk angle during the take-off (Trunk 
Angle TO), which reached and average of 87°. 
In nearly all athletes the trunk remained stable 
during the entire take-off or there was just a 
slight forward rotation. Only Pyatykh exhibited 
a somewhat clearer movement of the trunk, 
about 4°. In comparison to the men’s finalists, 
there was a tendency toward a more marked 
forward lean of the trunk during the take-off.

During the take-off, the thigh of the swing 
leg reached an average angle of -13° (i.e., be-
low the horizontal) and values scatter between 
-6° and -17°. The average angular velocity 
of the thigh was 725°/sec. These values are 
broadly consistent with the values measured 
in the men. The assumed correlation of the 
swing-leg parameters with the loss of velocity 
and with the vertical velocity produced during 
take-off cannot be confirmed for the women, 
because the largest correlation between the 
swing-leg angle and the vertical velocity was r 
= -0.38, which is a too low of a value.

The step

The average horizontal velocity during the 
step was 7.65 m/sec. Compared to the hop, 
there was an average loss of velocity of 0.70 
m/sec. These were considerably lower than for 
the men’s finalists, but both parameters show 
a greater dispersion. During the take-off for the 
step Savigne loses only 0.41 m/sec, which is 
significantly less than the loss of all the other 
jumpers, male or femail. Smith exhibited the 
greatest loss of velocity, 0.96 m/sec. 

With an average of 1.63 m/sec within a 
range of 1.19 m/sec for Veldakova and 1.93 
m/sec for Pyatykh, the vertical velocity values 
produced during the take-off for the step by 
women’s finalists were significantly lower than 
in the men. Compared to the results of 1997 
IAAF World Championships in Athletics, there 
is a slightly higher vertical velocity with a small-
er loss of velocity to be observed (MÜLLER & 
BRÜGGEMANN, 1997).

The relationship between the vertical veloc-
ity generated and the loss of velocity during 
the take-off was r = 0.79, which is almost as 
high as in the hop. The correlation with the 
step distance is relatively close, too (r = 0.81). 
In the women, a higher vertical velocity led to 
a greater distance of the step. Although this 
could be expected, this could not be observed 
so clearly either in the men or in the hop. This 
data suggests that women prefer a different 
technique during the step, which is character-
ised by a flatter flight curve and a lower braking 
effect during the take-off.

The average take-off duration fort the step 
was 0.145 sec and varied with between 0.113 
sec (Savigne) and 0.160 sec (Gay and Smith). 
In the step, too, the take-off duration was rela-
tively closely associated with the inclination an-
gle (r = 0.77) and the loss of horizontal velocity 
(r = 0.70). A more marked bracing action usu-
ally leads to a stronger deceleration and thus 
also to a longer support time. In this group, as 
with the men, a larger inclination angle was not 
caused by the trunk posture at the touchdown 
for the take-off (Trunk Angle TD). At the begin-
ning of the take-off, the average trunk angle 
was 89° and during the take-off the jumpers 
rotated forward by average of 10°. But the dif-
ferences among the jumpers are clear: while 
Savigne rotates forward by only 1° and thus 
remains almost upright, Topic demonstrates a 
very strong rotation of 16°, which took her from 
a backward lean of the body to a significant 
forward lean.

The average thigh angle of the swing leg 
during the flight reached was -23° and the 
average angular velocity was 590°/sec. Both 
values are, as in the men, significantly lower 
than in the hop. There is no correlation be-
tween the swing-leg movement and the verti-
cal velocity generated during the step. There is 
only a moderate correlation (r = 0.60) between 
the swing-leg angle and the loss of horizontal 
velocity. Thus we can interpret that a greater 
movement of the swing-leg thigh leads to a 
stronger deceleration in the jump.
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Table 25: Characteristics of the landing in the individual best jumps in the women’s triple jump final at the 2009 
IAAF World Championships in Athletics
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The jump

The average horizontal velocity during the 
jump was 6.41 m/sec. This means an average 
loss of velocity of 1.25 m/sec compared to the 
step. Similar to the men, this value was sig-
nificantly higher than in the hop and step. Also, 
the dispersion was quite large and ranged 
from 0.91 m/sec (Topic) to 1.50 m/sec (Leb-
edeva). In this way, Topic achieved the highest 
horizontal velocity (6.89 m/sec), while Gay was 
the slowest (6.07 m/sec).

The average vertical velocity generated at 
the take-off for the jump is 2.38 m/sec and, 
even without the extremely low value of Smith 
(1.78 m/sec), there was a relatively wide varia-
tion between 2.14 m/sec and 2.80 m/sec. 
Compared to the 1997 IAAF World Champion-
ships in Athletics (MÜLLER & BRÜGGEMANN, 
1997), the average vertical velocity in Berlin 
was significantly lower. This is connected with 
the lower loss of horizontal velocity and can 
be used to explain the shorter average jump 
distance.

Although the influence of the vertical ve-
locity on the jump distance was not great (r = 
0.64), it was significantly higher than with the 
men’s finalists.

The average take-off duration during the 
take-off for the jump was 0.163 sec and var-
ied from 0.147 sec (Savigne and Bujin) to 0.187 
sec (Smith). This dispersion is lower than in the 
step and also lower than for the men. In the 
jump, the take-off duration does not depend 
so closely on the inclination angle (r = 0.51) as 
in the hop and step. However, a larger inclina-
tion angle, together with a more marked brac-
ing action, usually led to a stronger decelera-
tion during the take-off (r = 0.74).

The trunk angle was 86° on average and ro-
tated forward during the take-off by an average 
of 7°. This value is significantly smaller than in 
the men and can be attributed to the fact that 
most of the women’s finalists demonstrated a 
relatively clear forward lean of the trunk already 
at the beginning of the take-off. Only Savigne 
shows a slight backward lean when landing af-
ter the step and she rotates forward only a few 
degrees during the take-off so that her trunk 
remains largely upright.

As far as the characteristics of the swing leg 
are concerned, there was an average thigh an-
gle during the take-off of -18° and an average 
angular velocity of the thigh of 567°/sec. These 
results are within the range of the values mea-
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sured in the men’s finalist. Although the swing 
leg is brought forward slightly higher during 
the jump than during the step, the movement 
velocity is lower due to the longer take-off 
duration. The correlation between the swing-
leg angle at take-off and the vertical velocity 
generated is relatively small, but negative (r = 
-0.78). Thus a higher lead of the swing leg is 
associated with a lower vertical velocity during 
the jump, which contradicts both the expected 
effect and the correlation found in the men.

The landing

The average landing distance was 0.49m. 
This value is similar to that found in the fe-
male long jumpers in Berlin and larger than 
the value found in the male triple jump finalist. 
The differences within the group were great: 
Bujin achieved a very good landing distance 
of 0.59m, while Topic achieves only a moder-
ate value of 0.38m. However, as with the men, 
this parameter had no relevance for the per-
formance because the correlation between the 
landing distance and the effective jumping dis-
tance is not only small and negative (r = -0.34).

The landing position of most athletes was 
characterised by a marked forward lean of 
the trunk (71° on average). Here, however, a 
relativelylarge dispersion between 45° (Topic) 
and 91° (Savigne) was observed. There were 
correspondingly large differences regarding 
the hip angle, between 55° (Topic) and 109° 
(Savigne). With an average angle of 79°, the hip 
was bent significantly more than in the female 
long jumpers. The average knee angle was 
133° and thus only slightly smaller than in the 
long jump. However, the variation ws smaller 
(122°-142°).

Summary

It can be concluded that the horizontal 
jumps at the 2009 IAAF World Championships 
in Athletics were characterised by a very good 
performance level. With the exception of the 
women’s triple jump, the performances at the 
previous two major events, the 2008 Olympic 
in Beijing and the 2007 IAAF World Champi-

onships in Athletics in Osaka, were matched. 
However, the performances of the female triple 
jumpers were almost 4% lower than in Beijing.

In both the long jump and the triple jump, 
very good approach and take-off accuracy 
was observed in the attempts analysed. In 
the landings, only small distance losses were 
observed. Therefore, the differences between 
the official and effective jump distances were 
mostly only small and had no effect on the final 
placing.

From a biomechanical point of view, the 
data collected confirmed the current tech-
nique models in most cases:

1. In the long jump, the approach veloc-
ity proved to be a determining perfor-
mance factor. In the triple jump, too, 
the fastest athletes were the winners, 
but here velocity deficits during the 
approach could more often be com-
pensated for by technical skill or other 
physical abilities.

2. The classic organisation of the take-
off preparation with an extension of 
the penultimate stride and a significant 
lowering of the CM in the long jump 
or with an acceleration up to the last 
stride in the triple jump was observed 
in almost all the finalists in Berlin.

3. The influence of the vertical velocity 
generated during the take-off and its 
relation to the loss of velocity at the 
take-off board or with the force of the 
bracing phase was clear. The long 
jumpers all strove to achieve a high ver-
tical velocity. This was mostly achieved 
by a stronger bracing action (through a 
greater inclination angle), which leads 
to a more marked deceleration at the 
take-off board. The triple jumpers, on 
the other hand, tried to take off from 
the board as fast as possible through 
a less marked bracing action, which 
was associated with a correspondingly 
lower vertical velocity in the hop.
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4. In the female long jumpers as well as 
all the triple jumpers, the bracing action 
was not controlled by a more marked 
backward lean of the trunk but by a for-
ward movement of the take-off foot. This 
seems to be especially important in the 
triple jump, where a largely upright body 
posture and body rotations as small as 
possible (for better balance maintenance) 
are striven for in the individual jumps.

5. In the triple jump, ten of the studied 
finalists demonstrated a hop-dominat-
ed technique, while the remaining six 
demonstrated a balanced technique. 
No jumper demonstrated an emphasis 
on the jump. However, the correlations 
between the total distance and the 
distance of the step (in the men) and 
the distance of the jump (in men and 
women) were closer than the correla-
tion between the total distance and the 
hop distance, which emphasises the 
importance of the hop and step.

6. In the men’s triple jump, there was in 
some cases a significant relationship 
between the translation of the velocity 
in the partial jumps and the swing-leg 
movement: in most cases a higher lead 
of the swing leg causes a greater verti-
cal velocity at take-off, but also a great-
er loss of horizontal velocity. Thus, the 
angle of projection can be controlled 
relatively well by the swing-leg lead.

7. In all disciplines, the landing distance 
proved to be of little significance for the 
overall performance. However, this can 
lead to an underestimation of the impor-
tance of the landing phase, particularly 
as the influence of the landing height on 
the jumping distance was not examined.

Please send all correspondence to:

Eberhard Nixdorf

enixdorf@isbh.de
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