
Problem
ver the course of the last decade,
athletics disciplines that had previ-
ously been reserved for men have

become established in the women’s compe-
tition programme. The triple jump, hammer
throw and the pole vault for women are all
now included in the programmes of World
Championships in Athletics, European
Championships and Olympic Games. 

In the case of the pole vault, inclusion on
the international level has led to the event’s
popularity with female athletes in a number
of countries and a steady improvement of
both performance levels and performance
density. There is a high and continuously
increasing demand for consolidated sport
science knowledge of this still young event
as athletes and coaches question the causes
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Ph.D by the German Sports
University in Cologne, Germany 
in 2003. Her dissertation, entitled
Production and Exchange of
Mechanical Energy in the
Women’s Pole Vault Under
Particular Consideration of
Individual Physical Prerequisites
(published by Shaker in Aachen/
Germany), has been used as the
basis  for this article.

The aim of this study was to obtain
basic knowledge of the perform-
ance-determining aspects of the
women’s pole vault. One focus was
on the mechanical and energetic
aspects of the movement process in
the event. This examination was
conducted using female athletes of a
very high performance level. It was
found that 86% of the variance in
the height of the CM (centre of mass)
achieved by a vaulter could be
explained by the combination of two
factors: initial energy (the total of
the body’s level of energy at the time
of the last touchdown of the take-off
foot) and energy gain (the increase in
the body’s energy through muscular
work during the course of the vault).
The second focus was on the special
physical abilities that are needed for
coping with the demands of the pole
vault. For this part of the work,
female athletes of various levels of
ability were studied and compared.
Standard tests of sprinting ability
(with and without a pole) and jump-
ing strength, and experimental tests
of trunk strength (mechanical output
in both the rockback and extension
movements) were used in an effort to
develop a diagnostic procedure. It
was found that on average the better
vaulters achieved higher values in
most, but not all, of the tests used.
Finally, the extent to which female
pole vaulters exploit their potential
was examined and factors that can
lead to better vaulting performances
were identified.
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of these improvements and seek ways to
make training more effective and achieve
even better results in competition.

A complex performance diagnosis in a
sports discipline should include both a sound
analysis of the the athlete’s technique, with
the identification of performance-determin-
ing characteristics of the movement process,
and an extensive analysis of the athlete’s
physical condition.1,2 In the context of the
pole vault, the latest biomechanical findings
emphasise the special significance of ener-
getic aspects in the technique analy-
sis.3,4,5,6,7,8,9,10,11,12,13 However, there is a funda-
mental deficit of this type of information on
the women’s pole vault. Moreover, as yet
there has not been an extensive study of the
physical prerequisites for women in the
event.

Mechanical-energetic analysis

Methodology
Using a three-dimensional kinematic analy-

sis two questions were examined:

1 To what extent are the athletes able to
create kinetic energy during the approach?

2 To what extent are the athletes able to
utilise this kinetic energy throughout the
rest of the vault or to transform it into
potential energy?

The subject sample included the first ten
placed vaulters at the 1998 German Indoor
Championships in Sindelfingen. At the time of
the investigation, eight of these athletes were
ranked among the top twenty on the yearly
world list. In this competition, the sample
athletes achieved a mean maximum height of
their centre of mass (hCM(max)) of 4.17m
(s=0.18) on their best valid attempt.

Video recordings were made with four
shutter cameras (two Hi-8 and two S-VHS
cameras), which were synchronised through
Genlock and LEDs (Light Emitting Diodes). The
frame rate was 50Hz with a shutter time of
1/1000sec.

Cameras 1 and 3 recorded the vaulters’
movements from the penultimate ground
contact to shortly after the maximum flexion
of the pole, while cameras 2 and 4 recorded
the movements from the position of maxi-
mum pole flexion until the completion of bar
clearance. This division of the movement
recording into two phases is necessary to
guarantee a sufficiently great spatial resolu-
tion of the video material. The area covered
by each camera was about 6m x 4m.

All cameras were placed above the terraces
of the stadium, in an elevated position relative
to the pole vault facility. Cameras 1 and 2 were
positioned next to each other and recorded the
movements in the direction of the vault from
the right at an angle of about 70° to the main
movement plane. To make a three-dimensional
evaluation  possible, cameras 3 and 4, which
were also positioned next to each other,
recorded the vaults diagonally from behind at
an angle of about 90° to cameras 1 and 2.

A reference cage with a length of 4m in the
direction of the vault, 2m in the take-off area
and 4m in the area of the further course of
the vault was used for scaling.

The digitising equipment of the PEAK-
MOTUS system was used for evaluation of the
data collected. A Butterworth filter with at
cutoff frequency of 5Hz was used for smooth-
ing the data. To obtain 3D coordinates from
the camera set-ups mentioned, the DLT (Direct
Linear Transformation) method was used. The
calculation of the coordinates of the CM is
based on data provided by ZATSIORSKY et al.14

From the available three-dimensional data
material, the body's total energy (Etot) was
calculated as the sum of the potential energy
(Epot) and the kinetic translatory and rotatory
energy (Ekin). This was done as follows:

In this equation mi is the mass of the i-th
segment, g is gravity, hi the height of the CM

Technical and conditioning aspects of the women’s pole vault



of the i-th segment, vi the velocity of the CM
of the i-th segment, �iTR the mass inertia
moment of the i-th segment about its trans-
versal axis, �iTR the angular velocity of the
longitudinal axis of the i-th segment, �TLO the
mass inertia moment of the trunk about its
longitudinal axis and �TLO the angular veloci-
ty of the trunk about its longitudinal axis.

To facilitate the comparability of the ath-
letes, the total energy was normalised to the
body mass.

Results
Consideration of the body’s energy reveals

both how much energy athletes create during
the approach and to what extent they are
able to add energy through muscular work on
the pole during the course of the vault.

At the time of the last touchdown of the
take-off foot (tTD), ie at the end of the
approach, which is the main phase of energy
creation, a mean total energy of 39.93 J/kg
(joule per kilogram of bodyweight) was meas-
ured for the subject group. This means that by
this point in the vault, 91.8% of the energy
that the athletes exhibit at the time of the

maximum CM height (tHP) has been achieved.
The peak value of 42.97 J/kg was not reached
by N.R., the winner of the competition, but by
M.G., the vaulter who placed second. 

All the vaulters studied could significantly
increase the total energy of their body during
the course of the vault, ie from the time of the
last touchdown of the take-off foot (tTD) until
the time of the maximum CM height (tHP). On
average the “energy gain” was 3.58 J/kg
(Figure 1). The highest energy value at the
time of the maximum CM height, 46.26 J/kg,
was achieved by Y.B., the vaulter placed third,
while A.S., the vaulter placed tenth, could only
reach 40.71 J/kg. As an example, Figure 2
shows the energy course of the athlete N.R.
during her vault over 4.25m.

Significant or highly significant correlations
of the body’s total energy with the height of
the bar cleared as well as with the maximum
CM height (hCM(max)) can be verified at the
following points in time: tTD (time of the last
touchdown of the foot), tPS (time of the com-
plete pole extension), tPR (time of leaving the
pole), and tHP (time of the maximum CM
height).

45

Technical and conditioning aspects of the women’s pole vault

Figure 1: Total energy of the body at the time of the last touchdown of the foot (tTD) and of the
highest point of the CM (tHP).



Using multiple linear regression analysis,
the relationships between the predictor vari-
ables initial energy (E(tTD)) and energy gain
(E(tHP)-E(tTD)) and the criterion variable
hCM(max) have been analysed in more detail.
The results show that with the exclusive inte-
gration of the variable E(tTD) into the model,
only 55.3% of the variance of hCM(max) can
be explained. Here, the correlation coefficient
is 0.744. However, if the factors E(tTD) and
E(tHP)-E(tTD) are considered together, the mul-
tiple correlation coefficient is R = 0.927.
Using both factors, 86.0% of the variance of
hCM(max) can be explained.

As a function of the selected variables E(tTD)
and E(tHP)-E(tTD), hCM(max) can be calculated
as follows:

hCM(max) = -0.09431 + 0.09866 (E(tTD))
+ 0.09176 (E(tHP))-E(tTD))

In Table 1, the relative influence of the vari-
ables initial energy and energy gain on the
criterion variable hCM(max) is quantified mak-
ing it possible to weight the influence of the
individual factors on the dependent variable.
For this purpose the mean value of each fac-
tor is varied by the amount of a standard
deviation, with the other factor being kept
constant in the regression equation. The esti-
mations of the degree of influence of the dif-
ferent factors are comparable because in each
case the variation is made within an interval
including 68% of the measuring values of the
sample examined. In the present study, with
medium values of the influencing factors ini-
tial energy (39.92 J/kg, s=2.06) and energy
gain (3.58 J/kg, s=1.32), a maximum CM
height (hCM(max)) of 4.17m can be calculated.
If the mean values are varied by one standard
deviation each, the values presented in Table
1 are obtained.
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Figure 2: Energy course of the 4.25m vault by N.R.

Table 1: Relative influence on �hCM(max) of the predictor variables initial energy (E(tTD)) and
energy gain (E(tHP)-E(tTD)).

E(tTD)

0.20�hCM(max) [m]

E(tHP)-E(tTD)

0.12



The considerably greater effect of the fac-
tor initial energy, as compared to energy gain,
can be clearly seen. The increase of the initial
energy by one standard deviation can cause
an increase of the maximum CM height by
0.20m. On the other hand, with an increase of
the energy gain by one standard deviation an
increase in height of only 0.12m can be
expected.

Conditional prerequisites

Methodology
Analysis of the conditional abilities in the

areas of sprinting, jumping, and trunk strength
(rock-back and extension test) was made of
female pole vaulters from three different per-
formance categories. Group 1 (G 1), which
included world-class athletes, had an average
PB (personal best performance) of 4.39m
(s=0.12); Group 2 (G 2) had an average PB of
4.15m (s=0.06) and Group 3 (G 3), which con-
sisted of young female pole vaulters, had an
average PB of 3.22m (s=0.13).

The data on the young pole vaulters (G 3)
was collected in March 2000, while the con-
ditional tests on the other two groups were
conducted in March 2001. All test series were
conducted in the athletics hall of the German
Sport University in Cologne.

To assess sprinting ability, test runs were
conducted over a distance of 20m from a “fly-
ing” start. The velocities over the first and
second 10m sections were measured by
means of double light barriers. The athletes’
sprint velocity without a pole and then with a
pole were measured. By comparing these
results with the approach velocities measured
during competitive vaults one can see
whether the athletes have reserves, eg
whether they exploit their velocity potential
during competition or not.

For further evaluation, the maximum veloc-
ity reached over a 10m section was consid-
ered in each case.

For the assessment of take-off effectivity,

standard jumping-strength diagnostics,
which consist of the squat jump, counter-
movement jump and drop jump (from a
height 22cm), were selected.15,16 Using this
procedure, it is possible to analyse the
vaulters’ purely concentric strength abilities
and particularly their ability to develop
strength during the stretch-shortening cycle.

The recording of the external ground reac-
tion force for the standard jumping-strength
diagnostics was made using a piezoelectric
force plate manufactured by KISTLER.

In order to check the athletes’ prerequisites
for performing muscular work on the pole, a
special measurement procedure, based on
knowledge about the movement execution
under competitive conditions, was developed.
This method makes it possible to analyse the
vaulters’ specific trunk-strength abilities during
both the hip–flexion phase (the rock-back
movement until approximately the time of
maximum pole flexion) and the hip-extension
phase (the extension movement during the pole
straightening phase). To facilitate dynamic
strength measurement, the M3 strength diag-
nosis equipment manufactured by SCHNELL,
which allows the execution of the desired hip-
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Figure 3: Standard jumping-strength diag-
nostics: a) squat jump, b) countermovement
jump, c) drop jump.



flexion and hip-extension move-
ment in a way similar to that
which takes place during the pole
vault, was expanded by several
components (Figs. 4 and 5). The
angle area defined for the test
exercises was determined using
the results of the analysis of the
complex pole vault movement
under competitive conditions. As a
result, the movement range during
the hip-flexion test was 152° -
63° and 48° - 152° during the hip-
extension test. When selecting
the weight resistances (5kg, 10kg
and 15kg in the hip-flexion test,
and 15kg, 20kg and 25kg in the
hip-extension test), special care
was taken that the movement
could still be executed at a high
velocity.

The aim was to find out how much total
energy the athletes were able to create
(because in the course of the complex pole
vault movement they must create, through
muscular work, as much energy as possible
during the pole phase) and the speed at
which this energy is created (because to

utilise the energy exchange with the vault-
ing pole as effectively as possible, the ener-
gy must be created during a relatively short
period of time). The results of these meas-
urements give a value for the particularly
significant parameter of mechanical output
(work/time).
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Figure 4: Experimental setup for the hip-flexion exercise (rock-back test). M3: M3 strength
training and diagnostics equipment manufactured by SCHNELL, DMS: DMS force sensor, VS:
DMS amplifier, SY: synchronisation unit, PC: measuring computer, V1+V2: video cameras (Hi 8),
S: spotlights.

Figure 5: Experimental setup for the hip-extension exercise
(extension test). M3: M3 strength training and diagnostics
equipment manufactured by SCHNELL, DMS: DMS force sen-
sor, VS: DMS amplifier, SY: synchronisation unit, PC: measur-
ing computer, V1+V2: video cameras (Hi 8), S: spotlights.



Results
During the conditional test series conduct-

ed with the vaulters of different performance
categories, numerous biomechanical param-
eters particularly in the area of jumping and
trunk strength diagnostics were collected. In
the following, the results of those parameters
taken from the present study17 which are of
special interest to the coaches of perform-
ance-oriented female pole vaulters will be
presented. Apart from the results of the
sprint test, these are the jumping heights as
performance criterion in the squat jump and
countermovement jump as well as the mean
mechanical output in the drop jump. From
the trunk-strength diagnostics (rock-back
and extension test), the mean mechanical
output achieved by the athletes in each test
is presented.

With regard to sprinting ability, the
vaulters of the strongest group (G 1)
achieved a mean value of 8.18m/s without
pole and a mean velocity of 7.78m/s with
pole. It is notable that the performances of
this group were very heterogeneous. While
the strongest sprinter of this group, S.S. (PB
in the pole vault: 4.30m) could reach veloci-

ties of 8.73m/s without and 8.29m/s with
pole,  N.H. (PB: 4.56m) only reached veloci-
ties of 7.76 and 7.39m/s respectively. This
means that she is clearly below the mean
values of G 2 (8.06m/s without pole and
7.46m/s with pole). The vaulters of the youth
group (G 3) reached mean velocities in the
sprint test of 7.96m/s without pole and
7.39m/s with pole (Figure 6).

When considering the sprint results it also
emerges that the strongest athletes (G 1)
show a significantly lower loss of velocity
(0.41m/s) caused by carrying the pole than
the other vaulters (0.61m/s in G 2 and
0.58m/s in G 3).

The correlation statistics do not show a sig-
nificant relationship between the sprint
parameters and the PB in the pole vault.

In the squat jump the athletes of G 1
reached a higher maximum jumping height
on average than the athletes of G 2 (29.3cm
as compared to 26.8cm). However, the latter
group showed a very marked scattering of
results (Figure 7). The average maximum
jumping height of the vaulters of the youth
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Figure 6: Overview of the sprint velocities without and with pole



group (G 3) was only 19.2cm. Significant dif-
ferences between the mean values could only
be found in G 1 and G 3.

When executing an introductory swinging
movement the vaulters of the top group
could increase their average maximum
jumping height from the squat jump by
2.9cm to 32.2cm, while in G 2 the average
increase in jumping height was 2.1cm (to

28.9cm). However, the greatest increase in
average jumping height (7.2cm) was
observed in G 3. The athletes of this group
reached 26.4cm in the countermovement
jump, while in the squat jump they could
only reach 19.2cm (Figure 8). As far as the
jumping height is concerned, significant dif-
ferences in the mean values only exist
between the top group (G1) and the youth
group (G 3).
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Figure 7: Jumping heights in the squat jump

Figure 8: Jumping heights in the countermovement jump
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Figure 10: Comparison of the mean mechanical output of the athletes in the rock-back test (hip
flexion) with a mass of 5kg, 10kg and 15kg

Regarding the mean mechanical output in
the drop jump (Figure 9), it turned out that
the vaulters of G 2 achieved slightly higher
values on average (48.32W/kg) than the ath-
letes of the top group (47.89W/kg). Once
again, in both groups the performances were
very heterogeneous. The athletes of the youth
group reached a mean mechanical output of
39.71W/kg. Statistically significant differ-

ences between the mean values could not be
found between the groups.

However, it emerged that significant corre-
lations existed between both the jumping
height in the squat jump and countermove-
ment jump and the mean mechanical output
in the drop jump and the best pole vault per-
formances of the athletes.

Figure 9: Mean mechanical output of the athletes in the drop jump



As far as the mean mechanical output in
the rock-back test (Figure 10) is concerned,
the vaulters of G 2 achieved higher average
values (60.02W with a weight load of 5kg,
102.98W with 10kg and 140.64W with 15kg)
in all three exercises than the athletes of 
G 1, who reached 54.41W (5kg), 95.87W
(10kg) and 127.53W (15kg). Here, too, the
performances within the groups were very
heterogeneous. The youth vaulters achieved a
mean mechanical output of 45.08W in the
rock-back test with 5kg, 82.86W with 10kg
and 112.24W with 15kg. Significant differ-
ences were found between G 2 and G 3 re-
garding the mean values in the test exercises
with 5kg as well as with 15kg.

As far as the mechanical output is con-
cerned, the mean values of the two
strongest groups in the extension test (Fig-
ure 11) differ only slightly. The athletes of 
G 1 reached an average value of 202.39W in
the exercise with 15kg, 250.57W with a
load of 20kg and 300.94W in the test with
25kg, while the vaulters of the G 2 reached
195.77W (15kg), 252.41W (20kg) and
298.55W (25kg). Members of the youth
group, with 140.68 W (15 kg), 204.48 W 

(20 kg) and 251.97 W (25 kg) achieved sig-
nificantly lower values of medium mechan-
ical output in the hip-extension test than
the world-class athletes in G 1. Statistically
significant differences regarding the mean
values only exist between G 1 and G 3 in the
test exercise with 15kg.

The correlation statistics show verifiable
relationships between the athletes’ PB in
the pole vault and the mechanical output in
the rock-back test with 5kg and 15kg as
well as in in the extension test with 15kg
and 25kg.

Summary and conclusions
The results of the mechanical-energetic

analysis of the world-class vaulters very
clearly show the enormous significance of the
energetic parameters to the total vaulting
performance. The factors “initial energy”
(E(tTD)) and “energy gain in the further course
of the vault” (E(tHP)-E(tTD)) together explain
86% of the variance of the maximum CM
height (hCM(max)). For the two factors men-
tioned a multiple correlation coefficient R =
0.927 was calculated.
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Figure 11: Comparison of the mean mechanical output of the athletes in the extension test (hip
extension) with a mass of 15kg, 20kg and 25kg
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As far as the conditional prerequisites are
concerned, statistically significant differ-
ences regarding the mean values were iden-
tified between G 1 and G 3 (for the squat
jump and countermovement jump as well as
the extension test with a weight load of
15kg) and G 2 and G 3 (particularly for the
rock-back test). However, between the two
stronger groups there are no differences
with the exception of the sprint with pole as
compared with the sprint without pole. To
some extent, this could be caused by the
heterogeneity within the groups.

While under competitive conditions a
highly significant relationship could be veri-
fied between the velocity of the CM during
the last step and the maximum vaulting
height, as far as the conditioning test is con-
cerned the correlation statistics do not show
any relationships between the sprint veloci-
ties (with or without pole) and the athletes’
best pole vault performance. It is possible
that not all vaulters can realise their sprint-
performance potential in the competitive
situation.

On the other hand there are significant cor-
relations between almost all parameters of
the jump-strength diagnostics, particularly
jumping heights as well as medium and max-
imum mechanical output, and the complex
pole vault performance. Regarding the rock-
back and extension test, there are also correl-
ative relationships between various strength,
work and performance characteristics and the
athletes’ PB in the pole vault.

Most of the relationships within the
parameter-groups “sprint test”, “jumping-
strength diagnostics” and “rock-back and
extension test” are significant. Because of
the highly significant correlations between
the rock-back test exercises with various
weight loads as well as the extension tests
with different masses, it is possible to
restrict oneself to one singular test each in
the two areas for reasons of economy. Here
the rock-back test with 15kg and the exten-
sion test with 25kg are selected because in

these two exercises the highest amount of
mechanical work is done and the highest
mean mechanical output is achieved. In
spite of the relatively great masses, a high
movement velocity can be maintained.

When considering the correlations between
the conditional parameters, the close connec-
tions between the sprinting and jumping-
strength parameters are striking. Contrary to
this, there are almost no relations between
the sprinting and trunk-strength parameters
and only a few relations between the jump-
ing-strength and trunk-strength diagnostics
(here especially concerning the extension
test).

The individual analysis of selected female
pole vaulters regarding the relationships
between energetic and conditioning param-
eters leads to the following conclusions: The
initial energy of the athletes analysed during
the competitive vault can mostly be
explained by their ability to sprint while car-
rying the pole. On the other hand, the good
jumping and trunk-strength abilities of some
vaulters at the time of the investigation did
not manifest themselves in their energy bal-
ance during the complex pole vault move-
ment.

Finally it can be said that the exploitation
of the performance reserves in all areas or the
optimisation of the conditional prerequisites
in connection with improvements of the
vaulting technique will certainly lead to
further increases in the women’s pole vault
performance in the coming years.

Please send all correspondence to:
e-mail: Stefanie.Grabner@t-online.de



54

N
ew

 S
tu

d
ie

s 
in

 A
th

le
ti

cs
 •

 n
o
. 
3
/2

0
0
4

Technical and conditioning aspects of the women’s pole vault

References

1. BALLREICH, R.; KUHLOW, A: Probleme
und Lösungsansätze einer Lehr- und
Forschungskonzeption für die Bio-
mechanik des Sports. Sportwissenschaft
1980; 3, 252-281

2. BALLREICH, R.; BAUMANN, W.: Grund-
lagen der Biomechanik des Sports. Fer-
dinand Enke Verlag Stuttgart, 1988

3. McGINNIS, P. M.: Performance Limiting
Factors in the Pole Vault. Eugene, Ore-
gon, 1987

4. GROS, H. J.; KUNKEL, V: Biomechanical
Analysis of the Pole Vault. in Brügge-
mann, G.-P.; Susanka, P: Scientific
Report on the II. World Championships
in Athletics Rome 1987, IAF, London
1988, G/1-G/32

5. GROS, H. J.; KUNKEL, V.: Biomechanical
Analysis of the Pole Vault. in Brügge-
mann, G.-P. ; Glad, B. (Eds.): Scientific
Research Project at the Games of the
XXIVth Olympiad - Seoul 1988, IAF,
London 1990, 231-259

6. WOZNIK, T.: Biomechanische Tech-
nikanalyse der Stabhochsprungbewe-
gung mit Hilfe von Energie-Modellen.
Sportwissenschaften und Trainings-
praxis Bd. 5, Hrsg. Stephan Starischka,
SFT-Verlag Erlensee, 1992

7. ADAMCZEWSKI, H.; GROS, H. J.; WOLF,
J.: Stabhochsprung. DLV Research Pro-
ject, Auswertung der 4. IAAF Leichtath-
letik-Weltmeisterschaften. Stuttgart
1993

8. LIU, Y.; WU, Y.: The energy analysis of
the pole vault. Abstracts of the Interna-
tional Society of Biomechanics, XIVth
Congress, Paris 4-8 July, 1993, Vol. I,
Paris 1993, 806-807

9. EKEVAD, M.; LUNDBERG, B.: Simulation
of  ‘smart’ pole vaulting. Journal of Bio-
mechanics 1995; 28 (9), 1079-1090

10. EKEVAD, M.; LUNDBERG, B.: Influence
of pole length and stiffness on the
energy conversion pole vaulting. Jour-
nal of  Biomechanics 1997; 30 (3), 259-
264

11. ARAMPATZIS, A.; SCHADE, F.; BRÜGGE-
MANN, G.-P.: Pole vault. in Müller, H.;
Hommel, H. (Eds.): Biomechanical
Research Project at the VIth World
Championships in Athletics, Athens
1997: Preliminary Report, New Studies
in Athletics 1997; 12 (2-3), 43-73

12. ARAMPATZIS, A.; SCHADE, F.; BRÜGGE-
MANN, G.-P.: Pole Vault. in Brügge-
mann, G.-P.; Koszewski, D.; Müller, H.
(Eds.): Biomechanical Research Project
Athens 1997 - Final Report 1999, 145-
156

13. SCHADE, F.; ARAMPATZIS, A.; BRÜGGE-
MANN, G.-P.: Influence of different
approaches for calculating the athlete's
mechanical energy on energetic param-
eters in the pole vault. Journal of Bio-
mechanics 2000; 33 (10), 1263-1268

14. ZATSIORSKY, V. M.; ARUIN, A. S.; SELU-
JANOV, V. N.: Biomechanik des men-
schlichen Bewegungsapparates. Sport-
verlag Berlin, 1984

15. GOLLHOFER, A.: Komponenten der
Schnellkraftleistungen im Dehnungs-
Verkürzungs-Zyklus. SFT-Verlag Erlen-
see, 1987

16. SCHMIDTBLEICHER, D.: Diagnose des
Kraftverhaltens und Trainingssteuerung
im Krafttraining. Die Lehre der Leich-
tathletik 1985; 24 (4), 107-110

17. GRABNER, S.: Produktion und Aus-
tausch mechanischer Energie beim
Stabhochsprung der Frauen unter
besonderer Berücksichtigung individu-
eller konditioneller Voraussetzungen.
Shaker-Verlag Aachen, 2003


