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V V The Introduction describes in detail the
athletic career of hurdler Brigita Bukovec (SLO)
from the age of fourteen to the present time.
Touch down and intermediate times are given for
her best ever performance of 12.75 sec.
For the purpose of the analysis, a 3-D video
kinematic system was used to film the clearance
of the 4th and 5th hurdles during the final of
the 100 metres hurdles at the European Cup
meeting in Ljubljana. Brigita's winning time in
this race was 13.03 sec. The authors give a full
description of the procedure employed.
The actual analysis comprises numerous statistics concerning stride lengths, take-off and
touch-down positions, leg velocities, knee
angles, flight times, flight trajectories and positions of the centre of gravity. A comparison is
made between Bukovec's 100 metres flat and
100 metres hurdles time differential and those
of several other top class hurdlers.
The article concludes with a description of
Brigita Bukovec's training. * m
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Introduction

Brigita Bukovec was born in Ljubljana on May
20 1970, Her first sport was gymnastics but, at
the age of fourteen, she took up athletics and,
immediately, became the best sprinter over 60
and 100 metres in her age group. She began to
specialize in the hurdles event at the age of fifteen and has been coached throughout her
career by Jurij Kastelic. Brigita's performances in
the last two competition seasons of 1994/95 rank
her undoubtedly among the top women hurdlers.
In the 1995 season she competed 22 times,
including five Grand Prix and two Grand Prix II
meetings, Her personal best (12,75sec), achieved
in 1995, ranks her fourth in the world. In the
1995 season she ran 12 hurdle races under 13
seconds and won 13 races. The average time of
her 10 best performances is 12.85 sec. Her technique is one of the best in the world,
Brigita Bukovec (SLO)
date of birth:
height:
body weight:
60 metres hurdles:
100 metres sprint:

21 May 1970
168cm
60kg
7,90scc
11,9l5ec

The best performances of Brigita Bukovec
(100m hurdles) in the 1995 season:
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Date

Place

Result

Rank

28 May
1 June
12 June
24 June
5 July
8 July
12 July
25 July
5 August

Paris
Saint Denis
Veknje
Ljubljana
Lausanne
pQstojna
Nice
Monte Carlo
Göteborg

12.81
12.89
12.86
12.77
12.76
12,75
12.89
12.87
13.02

1
1
1
1
2
1
2
2
8

The touchdown times for Bukovec's record of
12,75sec. as taken by Jurij Kastelic, are shown in
Table 1, cf. also Figure 1.
She has already had a relatively long and impressive career. Her performances have improved
every year, and she generally produces optimal
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by a relatively small number of
extremely talented individuals,
who have been carefully selected
4
5
6
1
2
3
7
8
9
10 run-In
and subjected to a systematically
2,60 3.64 4,66 5,66 6,65 7,63 8,61 9.60 10,62 11.65 12,7S
conducted long term training
Intermediate times
process, Brigita's top level perfor4
5
6
1
2
3
7
9
10
a
mances are the result of a training
1.04 1.02 1,00 0,99 0.96 0.98 0,99 1,02 1,03 1.10
process that contains very precisely apportioned elements and
in which there is no room for improvisation or
performances in the key competitions (the only
other random factors.
exception being the Worid Championships in
Table 1: Touchdown times for Brigita Bukovec's record of
12.75sec 1995 [sec]

Göteborg), This is the wish of every athlete and
coach.
However, the long-term planning of an athlete's development is one of the most demanding
tasks in the process of training. Top achievements
in track and field athletics can be attained only

Brigita Bukovec is without doubt an exceptional talent, combining ideal morphological
characteristics, motor abilities and psychological
preparation with an excellent running technique.
Her progress in the 100 metres hurdles is as
follows (all results at regular wind speed):
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Figure 1: Graphical transfer of the touchdown times in Table 1 according to the standard
graphic of fast information given at the 1993 World Championships in Stuttgart (HOMMEL)
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Year

Performance

1986
19Ö7
1988
1989
1990
1991
1992
1993
1994
1995

14.08sec
13.78sec
13.56sec
13.395ec
13.23sec
13.16sec
13.12sec
12.94sec
12,77sec
12.75sec

Three-dimensional k i n e m a t i c
analysis o f the clearance o f the
4th and 5 t h hurdle

Measurements were carried out by the Laboratory for Biomechanies at the Faculty of Sport in
Ljubljana at the European Cup Meeting Bruno
Zauli (result 100 metres hurdles: 13,03secl in
Ljubljana. A 3-D video kinematic system (Consport Motion Analysis System) was used to
analyse the clearance of the fourth and fifth
hurdle. In the analysis, a biomechanical model of
the athlete, defined by 17 reference points, was
employed. The procedure of kinematic analysis
comprises the following phases.
Table 2:

• Calibration of the co-ordinates of the space
between the 4th and 5th hurdle (the space has
been defined horizontally by the X-axis, vertically by the Y-axis and spatially by the Z-axis).
• Recording of the action by two Panasonic SVHS cameras with a frequency of 25 frames/
sec at an angle of 90',
• Defining the model on the basis of 17 reference points.
• Digitalisation of images and defining the coordinate points of individual segments of the
body of the hurdler.
• Computer processing of the obtained co-ordinate points.
• Calculation of kinematic and dynamic parameters.
• Numerical and graphical representation of the
analysed data.
3

Results o f t h e kinematic analysts

Based on the results of the kinematic analysis
of the technique of clearing the 4th and 5th hurdle [Table 2), the following findings can be summarised:

Kinematic parameters of the clearance of the 4th and 5th hurdle
[Unit]

Angle of placement of ttie take-otf leg in front of the hurdle
,
Take-otf angle
:. i..^.....................i.....,
Angle of maximal amortisation at the knee of take-off leg.
,
.....,
•..
Angle of placement of the leg behind the hurdle
Projection of CG to the ground at touch-down behind the hurdle
Heighl of CG above the hurdle
Maximum height of CG
.^.f.in.i..
. . . . . . . . . . iiv.-.«..,....,•...
Heighl ol CG al take-off
Height of CG al touch-down behind the hurdle
.,.,.,,
Difference belween the height of CG above the hurdle and al lake-off
:
Difference between the heighi of CG above the hurdle and ai louch-down behind the hurdle
Distance of CG from Ihe hurdle at the momenl of maximum CG height
Speed of CG at placemeni of Ihe take-off lag In front of the hurdle .,,....,,..
Speed of CG at lake-off
.,
Speed of CG above the hutdle
4 ,;..•. ,.',•;..-,
Speed of CG at louch-down behind the hurdle
;7.,-...... ./,.--..;•.; ..i... .••-...
Average speed of CG across Ihe hurdle
i.-.,-. ^ (,,..,;..; -.
Right time
....,,
,,
Distance ttetween take-off and the hurdle
Distance between the hurdle and touch-down behind the hurdle
Length of stnde across the hurdle

Average speed between the hurdles ,
Average speed across ^ e segmeni
Time of 100m hurdle race
Average speed
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[nVsec)
[m/secj
[secj
[m/secj

Hurdles

67
76
146

66
74
147
68
0.29
0,46
1,12
0,96
0,96
0.04
0,04
0,44
6-40
7-91
7.43
7,15
7-71
0.30
2.09
1,00
3,09

ea
[m
„......[ml
,.....(ml
.. .(ml
. . . .(m)
, , . Tm]
.[m/sec]
.[nVsecj
.[m/sec]
,[m/secl
,[fTV3ec]
, , -Isec]
, , . .[m]
, . . ,[ml
, , , ,[m]

Length of stride
Stride in front of the 4lh hurdle
Stride across the 4ih hurdle
1st stride between the hurdles
2nd Stride between the hurdles
3rd slnde between the hurdles
Sthde across Ihe 5th hurdle
Stnde behind Ihe 5th hurdle

Hurd1«4

0.29
0,36
1,16
1,05
1,04
0,08
0,09
0.70
6.29
7-33
7.37
7,20
7,66
0,30
2.16
1,13
3,29

m

Speed of CG
[m/sec]

1.S5
3.29
1,60
1,97
1,79
3,09
1,64

8.54
7.66
7.62
8.12
7JBIT
7.71
7,91
7,87

7,86
13.03
7,67
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In clearing the 4th and 5th hurdle, the athlete
is still in the phase of speed acceleration.
The clearance of the 5th hurdle points to stabilisation of the technique in terms of kinematic parameters.
The lengths of the strides across the 4th and
5th hurdle differ in the points of the take-off
in front of the hurdle and the touch-down
behind the hurdle [Figure 2).
The stride across the 4th hurdle is 329cm long,
while across the 5th hurdle it is 309cm long.
The take-off distance in front of the 4th hurdle is 216cm and in front of the 5th hurdie
209cm. Model values of the take-off distance
in front of the hurdle are from 190cm to
200cm (according to HUCKLEKEMKES 1990).
These values depend on the morphological
characteristics of the competitor, the level of
take-off power, the rhythm of the strides
between hurdles and speed. With regard to the
above mentioned faclors, the point of take-off
in front of the hurdle is slightly longer in the
case of Bukovec. This permits a lower flight
curve of the body's centre of gravity (CG) and
thus more efficient clearance of the hurdle.
The touch-down distance behind the 4th hurdle is 113cm and behind the 5th hurdle is
100cm,
The athlete places the take-off foot actively
below the CG (the angie of the take-off leg is
67=, Figure 3].
The angle of maximal amortisation at the knee
of the take-off leg in front of the hurdle is
146-147°. which points to efficient utilisation
of elastic power. Flexion at the knee of the
take-off leg is thus very slight, which results in
a minimal loss of speed before hurdle clearance.
The action of the leading leg is extremely fast
(17,90m/sec), which is more than double the
value of the horizontal speed of the centre of
gravity of the athlete in clearing the hurdle.

1,85 (m) 2,16 Cm)

Figure 2:
66

1.13 (m)

1,60 (m)

1,97 (ra)

The trajectory of flight of the centre of gravity
across the 4th hurdle is very (ow, which is
shown by the values of the height of the CG at
the moment of take-off (105cm), the maximal
height of the centre of gravity above the hurdle (36cm) and the height of the centre of gravity at touchdown behind the hurdle (98cm).
The athlete reaches the highest point of the
flight curve of the centre of gravity 44cm in
front of the hurdle, whereas, above the hurdle,
the flight curve is already falling strongly
[Figure 5).
The clearance of the 5th hurdle differs somewhat from that of the 4th hurdle. The stride
across the hurdle is 20cm shorter, the flight
curve of the centre of gravity is slightly higher
(10cm) and the distance of the touch-down of
the foot behind the hurdle is shorter by I3cm
[Figure 4].
The height of the centre of gravity of the athlete in the phase of touch-down behind the
4th and 5th hurdle (landing) is 98cm (CG/body
height = 0.58), which ensures optimal conditions for an efficient rhythm of strides between
the hurdles and maintenance of speed.
The position of the CG at the moment of
touch-down after the clearance of the 4th and
5th hurdle facilitates a very smooth transition
to the sprint between the hurdles.
The time of flight across the 4th hurdle is
0.32sec and across the 5th hurdle 0,30sec. This
difference results from both the length of the
stride and the speed above the hurdles. The
time of hurdle clearance is very variable in
female athletes, as it depends on various kinematic parameters (Donkova 0.29, Dimitrova
0,30, Devers 0.29, Lopez 0.31, Bauman 0.32,
Wolf 0.33, Zaczkiewicz 0,31 sec).
The length of the strides between the two hurdles is in optimal mutual relationship. The first
stride is 160cm long, the second one 197cm,
and the third one 179cm long. The second

1.79 (m)

2.09 (m) I.DO(m) 1.64 (m)

Stride patterns clearing the 4th and 5th hurdle

New Studies in Athletics • no, t/1996

IAAF quarterly

67,1 (de&).

Figure 3:

77,5 (deg)

Clearance of the 4th hurdle

0.1« [R]

74.8 (deg)

\-rtj
Figure 4:
lAAl^ quarterly

Clearance of the 5th hurdle
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Trajectories of movement of centre of gravity and athlete's head

stride is a very strong one. while the third one
is shorter and represents direct preparation for
the following hurdle clearance.
The average speed of the sprint between the
4th and 5th hurdle is 7.87m/sec [Figure 6].

Bukovec shows a very fluid and efficient transition of the rhythm of the strides between
hurdles to the stride across the hurdle. This results in a minimal loss of speed, which amounts
to only 2.6%.
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Horizontal speed of centre of gravity
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With respect to the motion of the centre of
gravity from the moment the take-off foot
touches down in front of the hurdle, the speed
decreases at the end of the take-off by 3.8%,
in thc phase of flight by 5.5% and at touchdown behind the hurdle by 7.1%.
The difference between her best performance
in the 100 metres hurdles (12.75sec] and her
personal best in the 100 metres sprint (11.91scc)
indicates that she utilises her speed potential
excellently in clearing the hurdles. The difference is only 0.84sec, Such a small difference
cannot be found in any other female hurdler of
international class:
Name
B. Bukovec
A, Lopez
L, Narozilenko
P, Paloulidou
J, Bauman
G, Devers

3

t1 OOm hurdles

tlOOmefrM

tdFffersnc«

I2,75sec
12.73sec
12,268ec
12,64sec
12,76sec
I2,4esec

11.91 sec
I1.53sec
11,04sec
11,27sec
11.13sec
10,82sec

0.84sec
l,20sec
1,22sec
l.37sec
l,63sec
l.66sec

Brigita Bukovec's t r a i n i n g

Apart from the all-important hurdle clearance
itself, the emphasis in the technical training was
placed on the start and acceleration to the third
hurdle. Brigita trains for maximum speed with
runs over 4 to 8 hurdles, while runs over 8 to 12
hurdles serve to develop special endurance. She
uses hurdles from 76 to 84cm high, spaced at
between 7.50 to 8,30m. She runs the segments
between the hurdles at a speed of 0.98 to 1.05sec.
In the competition season, the spacings between the hurdles increase progressively by 5 to
10cm. reaching, immediately before competition,
8.50m, with two training sessions per week.
Training to improve maximum speed is carried
out usually in December and January, and in May
and June, She then includes runs over distances
of 60 to 80m in the summer and 30 to 50m in
thc winter, at 95 to 100% of maximum speed.
She does a lot of harness training, pulling loads
over distances of from 60 to 100m.

variation, inertia runs, resistance runs, sprints
using thc 'SPEEDY' device and uphill and downhill sprints. The distances used are 30, 50 and
60m, with pauses of from 4 to 8min. or sufficient
for complete recovery.
Training for special endurance, over distances
of 100, 150 or 200m and at 85 to 95% of maximum speed, takes place in October, November,
March, April and part of May, using S-8 repetitions and rests of up to 8min, In December runs
are carried out over 8 hurdles, while, in April,
Brigita uses 6 repetitions over 11 to 12 hurdles at
95 to 100% of maximum speed, with rests of 6 to
8min. The programme in October and March
includes repetition runs on sand over distances of
60 to 150m, with rests of from 4 to 8min.
During the last three years the greatest training emphasis has been placed on special strength.
Strength training is scheduled 3 to 4 times a
week. In November and March Brigita carries out
body building work 3 times a week. During other
cycles she trains with conventional Olympic
weight lifting exercises. The basic exercises are:
half squats rising up on the toes, pulling exercises, step ups, jumps and lunges. Once a week
training for elastic strength takes the form of
varied jumps, first of all vertical and then horizontal. The contrast method is also utilised by
means of weighted belts.
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