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Analysis of the international Situation 
in the women's pole vault 
by Klaus Bartonietz and Jochen Wetter * 

l i • The authors give a survey of the Perfor
mance development in the women's pole vault. 
The Performance structure of the women's pole 
vault is also dealt with (approach, plantftake-off 
complex. work on the pole, bar dearance). On 
the basis of their findings the authors arrive at 
the following conclusions and recommendations: 
The women's pole vault is still in a phase of 
rapid development. There are relatively great dif
ferences between the vaulting techniques of the 
best athletes in the world. These differences 
express themselves in the work on the pole and 
the bar dearance. This is an indication ofa cor-
respondingly great potential for improvement. A 
high level of basic strength abilities is a prereq
uisite which must be developed in a discipline-
specific way. The training of gymnastic and 
acrobatic skills is very important. Several auxil
iary exercises with apparatus should also be per
formed. It is a well-known fact that technical 
faults which oceur during the learning phases 
are very difficult to correct later and sometimes 
cannot be corrected at all. Therefore it is an 
absolute necessity that the target technique 
should be developed even in childhood. During 
technique training and the training of specific 
Performance prerequisites. more attention 
should be paid to the development of the 
approach. Here. the modern technique model of 
the sprint should be the basis. In order to guar
antee a long-term Performance development a 
negative grip-heightfbar-height differential 
should be avoided right from the start. * * 

Dr Klaus Bartonietz works as a biomechanics 
expert at the Olympic Training Centre Rheinland-
PfalzfSaarland, Germany. 

Jochen Wetter is the German national pole vault 
coach for women. 

(Translated from the original German by Jürgen 
Schiffer.) 

' In collaboration with Herbert Czingon. team 
leader for the German pole-vaulters (male 
and female). 

I am convineed that ofal l physical exercises 
the pole vault is the most valuable; 

strength. suppleness. courage. sense of 
balance and aeuity of sight are trained 

here in a unique way. 

J.Ch.F. GUISMUTHS1793 
(Gymnastik für die Jugend, new ed. 1802. p. 208) 

1 A survey of the Performance devel
opment in the women's pole vault 

The first confirmed pole vault Performance of 
a German female athlete is that of Elisabeth Beh
rens who cleared 2.10m in 1919. In 1921 the 21 
year-old Helene W. Henneeke performed 2.35m. 

In the mid-1980s, international Performances 
improved significantly. In Germany the forerun-
ner was Natascha Schmidt (2.50m in 1984 -
3.53m in 1990). In 1987 China recorded its first 
competition height of 3.60m and by 1988 Shao 
Jingwen's 3.73m was registered as the world best 
Performance. Until the appearance of Bärtovä 
(TCH) and George (AUS) in 1995. German and 
Chinese athletes alternated as the world best 
performers. However. during the last decade a 
remarkable number of international athletes 
have developed dose to the top. from which 
other elite performers like Dragila (USA) and 
Szemeredi (HUN) have emerged. 

In 1983 the first world's best Performance of 
the year was achieved by Jana Edwards (USA) 
who cleared 3.59m. Figure 1 shows the develop
ment of the world's best Performance of the year 
and the world record (from January 1, 1995, on). 

Partieipation in the German Championships 
over the last years shows how the women's pole 
vault has developed in terms of depth of Perfor
mance: In 1991 47 female athletes took part in 
the German Championships (32 partieipants in 
the female A and B youth eategories and 15 
junior athletes). In 1996 80 female athletes (35 in 
the female A and B youth eategories. 27 Juniors 
and 18 women took part). 

Table 1 gives an overview of the best pole 
vault Performances during the last outdoor season. 
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Figure 1: 
1983 

Development of the world's best Performance of the year and the world record since 

The other athletes who in 1996 vaulted 3.80m 
(>850/o of the world record) and higher came 
from the following countries: Seven athletes 
came from Germany. six from France, three each 
from Hungary, Russia and the USA, two from 
Great Britain and one each from Norway. the 
Ukraine. Italy. Great Britain. Romania. the Czech 
Republic and South Africa. Ten of these athletes 
were Juniors. 

The 1997 indoor season saw further progress: 
the following athletes improved their best Per
formances as compared to the outdoor season: 

Bartovä 
Flossadottir 
Rieger 
Schulte 
Abramova 
Beljakova 
Mihalcea 

TCH 
ISL 
GER 
GER 
RUS 
RUS 
ROM 

4.31 m 
4.20 m 
4.17 m 
4.13 m 
4.10 m 
4.10 m 
4.10 m. 

Dragila 

Cai 
Szemeredi 

USA 
CHN 
HUN 

4.40 m 
4.35 m 
4.32 m 

Table 1: 

Name 

George 
Cai 
Bartovä 
Sun 
Dragila 
Flosadottir 
Rieger 
Adams 
Ryshich 
Peng 
Zhong 
Smith 

The 12 best women pole-vaulters 

Year of birth 

1974 
1973 
1974 
1973 
1971 
1978 
1972 
1974 
1977 
1975 
1977 
1967 

Country 

AUS 
CHN 
CZE 
CHN 
USA 
ISL 

GER 
GER 
GER 
CHN 
CHN 
USA 

vaulting height 
[m] 

4.45 
4.33 
4.27 
4.25 
4.20 
4.17 
4.16 
4.15 
4.15 
4.15 
4.15 
4.14 

in the world 

Body Height 

[m] 

1.70 
1.61 
1.60 
1.73 
1.70 
1.81 
1.67 
1.82 
1.70 

1.70 

in 1996 

Weight 

[kg] 

63.5 

60 
57 
63 
67 
55 
73 
60 

56 

In terms of depth of Performance this develop
ment has continued in the still young 1997 out
door season with the South African record of 
3.90m. 

2 The Performance structure of the 
women's pole vault 

In the women's pole vault the best Perfor
mance in the world is 72% of 
the men's Performance, while in 
the other jumping events the 
women's Performances are 
about 85% (see Tdö/e 2. also 
KRUBER/KRUBER 1996. KRNÄC 

1996). 

The gap between the women's 
and the men's pole vault Per
formances is so great because, 
on the one hand. the women's 
pole vault is still a young disci
pline. However. on the other 
hand. the great d i f ference 
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Table 2: Comparison of the world records in 
the jumping events 

Event 

Pole vault 
High jump 
Long jump 
Triple jump 

World record 
Women Men 

4.45 6.14 
2.09 2.45 
7.52 8.95 

15.50 18.29 

Women's Performance 
in relation to that of 

the men [%] 

72 
85 
84 
85 

between the men's and women's pole vault Per
formances seems to be due to the work done on 
the pole. This work is the result of the interaction 
between approach velocity. body mass. pole 
properties (length, elastic properties) and the 
level of technique. The fact that the kinetic ener
gy stored in the pole depends on the Square of 
the approach velocity is of particular importance 
in this context: 

Ekin = m/2 v2 Ws (1) 

The relations are shown in the overview in 
Table 3. 

From this simplified presentation, which takes 
into aecount neither the different dynamic prop
erties of the men's and women's poles nor the 
factor of technique. one can deduce that with 
50% of the kinetic energy of the men's pole and 
with 50% of the men's body weight women 
would achieve a comparable vertical CM velocity. 
However. since the women's weight is not 50% 
but about 75% of the men's weight the CM 
velocity which they can achieve is reduced by 
this difference. 

By way of a rough simplifieation it can be 
assumed that. with a difference between the 
upper hand grip and the highest point of the 
centre of mass of 75cm and an effective grip 
height of about 4.20-4.30m. women would be 
able to reach vaulting heights of 4.75-4.85m. 
This assumption takes into aecount neither the 
development of the pole material nor the differ
ences between male and female athletes with 
regard to physical constitution and fitness. 

In this context the great importance of the 
"approach velocity" is conspieuous. The approach 
velocity should be seen in close interaction with 
the plant/take-off complex (see FRALEY/FRALEY 
1995). The pole stiffness chosen is primarily de-

Table 3: Influence of the approach velocity and body mass on 
the kinetic energy 

termined by the approach velocity achieved and 
the individual level of technique. 

Aecording to model investigations by WOZNIK 
1994 (for the men's pole vault). approach veloci
ties above 9.81 m/sec have the highest influence 
on the maximum vaulting height (Hmax): If the 
approach velocity is 8.5m/sec the gain in height 
is 8em per 0.1 m/sec increase in velocity. 

Furthermore. it can be assumed that anthropo
metric differences between male and female ath
letes (lower centre of mass) and a "negative eom-
pensation" of the muscle topography (NIKONOV 
1995): in relation to the upper extremities the 
lower extremities of the women are better devel
oped) have effects on the event-speeifie Perfor
mance ability (women have a relatively higher 
mass moment of inertia when working on the 
pole) and the vaulting technique. 

Nevertheless it is assumed here that there are 
no fundamental gender-speeifie differences in 
terms of the performance-struetural require
ments of the discipline (with regard to the "tar
get technique"). 

2.1 Approach 

Most of the women use 16 approach steps 
while the men use 18-22 steps. In previous years 
most of the women still used 13-14 approach 
steps (BARTONIETZ/PETROV/WETTER 1994). At the end 
of the 1996 competition season the best Chinese 
pole vaulters (Sun. Chai. Zong) even used 18 
approach steps (competition observation on 
October 5, 8 and 11 on the occasion of a compe
tit ion tour). NIKONOV (1995) speaks of a short 
approach in the case of a 10-12 strides approach, 
of a medium approach in the case of 14-16 
strides and of a long approach if the approach is 
18-20 steps long. 

Measurements of the approach velocity 
through two 5m sections in front of the take-off 
have been condueted by ADAMCZEWSKI/DICKWACH 
1992. ADAMCZWESKI/KRUBER 1994, BARTONIETZ/PFTROV/ 

WEHER 1994 (indoor meeting in Landau in which 
Sun Cayun competed in 1993) and also by the 
Institute of Applied Training Science (IAT) Leipzig 
(e.g. German Championships in 1996. Junior Gala 
in Mannheim in 1996, DLV Gala in Duisburg in 
1996 - unpublished analysis results). The best 
German women reach approach velocities of 

about 8m/sec (see 7bö/e 4). 

Vaulting height Body mass Approach velocity 
[m] [kg] [m/sec] 

Kinetic energy 
[Ws] 

Men 

Women 
approx. 6m 

4.00-4.20m 

80 

60kg (75%) 

10 

8 (80%) 

4000 

1920 (48%) 

There is a trend with the female 
athletes that during competi
tion the approach speed gets 
faster with increasing vaulting 
heights f rom the star t ing 
height until the athlete drops 
out of competition: 
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Table 4: 
section, 

Approach velocity through a 5m 
which ends 5m in front of the box -

selected results 

Athlete 

Sun 
Köpernick 
Müller 
f^yshich 

Götz 
Hecht 

Date 

31-1-93 
25-2-96 
12-6-96 
15-6-96 
21-6-96 
21-6-96 
15-6-96 
15-6-96 

Vaulting height 
[m] 

4.07 (WR) 
4.00 
4.03 
4.13 (JWR) 
4.10 
4.15 (JWR) 
3.80 
3.60 

• Bartonietz/Petrov/Wetter 1994 
"Analysis material of the IAT Leipzig 

v(5m) 

[m/sec] 

7.58* 
7 . 5 4 " 
7 . 1 6 " 
7.94 " 
7.97 " 
8 . 0 5 " 
7 . 7 5 " 
7.34 " 

by 0.1-0.3m/see (e.g. Adams) 
by 0.1-0.4m/sec (e.g. Ryshich). 

There is also a group of athletes who keep 
their approach velocity relatively constant in 
spite of the increasing vaulting height (Köper
nick, Müller. Zach). 

In competition an attempt should be made to 
increase the final approach velocity with the 
increase in vaulting height and to maintaining 
the technical level of the vault (e.g. on a 5m 
measuring section which ends 5m in front of the 
back edge of the planting box). 

It should be regarded as quite natural that 
over several years there should be an increase in 
approach velocity (e.g. Daniela Köpernick: 1991 
3.60m - 7.06m/sec through the second 5m sec
tion as compared to 1996. 3.90m/German Cham
pionships - 7.68m/see. 4.00m/German Indoor 
Championships - 7.54m/see. unpublished mea
suring values of the IAT Leipzig). However. on a 
practical level. such an increase can only be real-
ized by a considerable increase in the amount 
and intensity of training. 

Pole length, grip height 

The best female pole vaulters in the world use 
poles which are 4.30 to 4.60m long (e.g. Bartovä, 
Schulte 4.45m, Adams. Caiyun Sun: 4.60m). 

The grip heights are in the area between 4.05m 
and 4.35m (e.g. Sun used grip heights in this 
order when she vaulted between 4.00 and 4.20m 
at the competitions mentioned above). 

Unlike Sun. Weiyan Cai used a grip height of 
only 4.08m (pole length 4.30m) when setting her 
Asian record of 4.33m (Chenzhen, October 5, 
1996). The two Chinese pole vaulters are exam
ples of the extremes which currently still exist in 
terms of technical effectiveness (especially work 
on the pole, see below) in world class women's 
pole vaulting. 

2.2 Plant/take-off complex 

The goal is to move the pole by an explosive 
forward and upward extension of the arms to the 

highest possible extended position (training in-
struction aecording to Petrov: "Move the pole 
always!"). The "freer" the take-off the more ener
gy from the approach can be transmitted to the 
pole. Figure 2 shows the differences between the 
body positions reached at the moment of take-
off. 

The plant should take place on the last two 
steps (ADAMCZEWSKI/DICKWACH 1992, KRUBER/KRUBER, 

ADAMCZEWSKI 1994, NIKONOV 1995), starting with 
the third-last ground contact as demonstrated by 
the best female pole vaulters in the world (e.g. 
Rieger, Müller, Ryshich). 

The reaching of a high take-off position can be 
supported by a technically correct approach run 
(especially the immediate take-off preparation 
on the last steps). 

Comparative analyses by ADAMCZEWSKI/DICKWACH 
1992 have shown that technical deficiencies in 
the p lant / take-of f complex are much more 
marked in the female youth eategories than in 
the male youth eategories: 

• insufficient arm extension in the flight phase 
of the last step, 

• more pronounced knee bend (i.e. the CM is 
lowered more), a slight yield of the knee joints 
during the ground contacts and a high pelvis 
were demanded by Nikonov as early as in 1985, 

• more marked "taking-off under" (one half foot 
length / one foot length). 

In our opinion there are the following hypo-
thetical causes of this: 

• low training age, in combination with a 

• lower level of athletic education, 

• deficiencies in the immediate take-off prepa
ration (insufficient shortening of the third-last 
and last step). Aecording to the principle of 
"aetio et reactio", there is a close interaction 
between the leg and arm movements. 

NIKONOV (1995) reminds us to consider whether 
the bent left arm, which can be found in women 
pole vaulters. might be connected with the grip 
heiqht being Im lower than that in the men. 
Figure 2 shows the differences between the body 
positions reached during the moment of take-off 
and during the pendulum ("jumping towards" the 
pole). 

2.3 Work on the pole 

From our point of view the work on the pole 
has the greatest potential for improvement, even 
in world-class pole-vaulters. A general indication 
of this is the fact that in most female pole-
vaulters there is little or no difference at all be
tween the height of grip and the height of the 
bar: 
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N. Ryshich 
4.15m, Ist attempt (world record for Juniors) 
Cologne, 21.6.1996 
Run up speed: 8.05m/sec 
Take-off point: 3.25m 
Grip height: 4.20m 

Characteristics of target technique 

Take-off foot is actively placed down in vertical projection 
under the front grip hand, and is under the back grip hand 
when breaking contact with the ground. 

"S* During the take-off the pole is accelerated further upward and 
forward (Petrov: "Move pole always!"). 

"S" At the finish of the take-off the pole is not yet bent ("free take-
off". only when the take-off foot leaves the ground has the pole 
füll contact wioth the back of the box and Starts bending). 

• ^ 5 7 -

cfi 



If, for example. in a vault over 4.20m the pole 
is gripped at 4.10m with the upper hand. the dif
ference between grip height and bar height is 
0.30m because the depth of the planting box 
(0.20m) must also be taken into aecount. 

The difference between grip and bar height 
can roughly be regarded as the indirect expres
sion of the available vertical component of the 
CM velocity (CM velocity up to 1.3m/sec in the 
men, <1 m/sec in the women). See 7bb/e 5. 

The question arises whether on a superficial 
level the further Performance increase should 
take place through the increase of grip height 
(e.g. Sun) with the consequence of a take-off 
point which is farther in front of the planting 
box (higher approach velocity), or through the 
strengthening of the arm, shoulder and trunk 
musdes (in relation to body mass and the indi
vidual constitutional features) in order to thus 
achieve a better work on the pole resulting in an 
optimal difference between grip height and bar 
height (e.g. Cai, 4.33m: grip height 4.08. differ
ence between grip height and bar height 0.45m). 
On a medium-term basis the method used by Sun 
will be only effective if in a second step there 
will be an improvement of the work on the pole 
during the upper phases of the vault. 

2.4 Bar dearance 

The bar dearance can only be as good as the 
work on the pole. A pull-and-turn with the faee 
directed toward the bar, which would be techni
cally correct, is only possible if the vaulter con
tinues her work on the pole after the rock-back. 
This is only possible if the Special strength of the 
vaulter's trunk, shoulder and arms is very high. 

Frequently, female pole vaulters use the least 
effectice bar dearance. which is characterised by 
the legs falling toward the bar after the rock-
back (NIKONOV 1995), because of an insufficient 
work on the pole even during the preceding phases. 

3 Summary and recommendations fo r 

t raining 

• The women's pole vault is still in a phase of 
rapid development. Even after a relatively 
short period of only a few years considerable 
Performances have been achieved. 
There are great differences between the vault
ing techniques of the best athletes in the 
world. These differences express themselves in 
the work on the pole and the bar dearance. 
This is an indication of correspondingly great 
Performance reserves. The best Performances 
in the world (George, Dragila. Cai) have been 
achieved by getting very dose to the technical 
model. 

• A high level of basic strength abilities is a pre
requisite which must be developed in a disci-
pline-specifie way. For example. apart from the 
seleetion of exercises. "utilisation" between the 
sets in strength training, but at the end of the 
strength training sessions at the latest, should 
also be a part of basic strength training. 

• These prerequisites must be developed in an 
age- and performance-speeifie way: younger 
athletes - exercises wi th one's own body 
weight, top-level athletes - additional exercis
es with barbells, additional loads in exercises 
with the own body weight. 

• The training of gymnastic and acrobatic skills is 
very important (rolls. kips. pull-ups. Swings, 
trampoline jumps). Several auxiliary exercises 
with apparatus should also be performed (rub
ber ropes. pull-up device. rope - gymnastic 
elements and Special strength training exercis
es. see also KRUBER et al. 1994). 

• It is a well-known fact that technical faults 
which oceur during the learning phases are 
very difficult to correct later and sometimes 
cannot be corrected at all. Therefore it is an 
absolute necessity that the target technique 
should be developed as early as during child
hood and youth. Certain independent and sim
ple technical Solutions, which were observed 
by ADAMCZEWSKI/DICKWACH (1992) in girls, can 
only represent a short developmental stage. 
Even in the case of a limited time budget the 
technical training and the development of the 
basic coordinative skills which are important 
for the pole vault should have priority over the 
training of the physical abilities during basic 
and build-up training. 

• When doing technique analyses the relations 
between causes and effects should be heeded: 
The quality of the approach has a great influ
ence on the plant and take-off complex. the 
plant and take-off have an effeet on the work 
on the pole, and the work on the pole is deci
sive for the bar dearance. This requires that 
during technique training and during the 
tiaining of specific Performance prerequisites 
more attention should be paid to the develop
ment of the approach. 

Approach 

The modern technique model of the Sprint 
should be the basis. However. this model should 
be modified aecording to the demands of the 
approach with the pole. Instead of a "beating 
touchdown" (KRUBER et al. 1994. p. 15) it is more 
useful to speak of an "active touchdown" or a 
"pawing foot action" (KRUBER et al. 1994, p. 21), 
with the foot being placed actively under the 
body (minimisation of undesired braking forces). 
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Table 5: 
vaults 

Overview of grip heights and the difference between grip and bar height in selected 

Athlete 

Cai 
Sun 
Rieger 
Zhong 
George* 
George 
Rhyshich " 
Adams 

Informatior 

Vaulting height 

[m] 

4.33 
4.20 
4.16 
4.15 
4.25 
4.45 
4.15 
4.15 

Grip height 

[m] 

4.08 
4.35 
4.12 
4.25 
4.06 
4.10 
4.20 
4.15 

by Mark Stewart (coach of Emma George) 
Information by ADAMCZEWSKI 1996 

Difference between grip and bar height 

[m] 

0.45 
0.05 
0.24 
0.10 
0.40 
0.55 
0.15 
0.20 

Competit ion 

05-10-96 
08-10-96 
18-07-96 
11-10-96 
30-11-95 
14-07-96 
21-06-96 
21-06-96 

P l a n t / t a k e - o f f 

A shortening of the last step and the act ive 
forward and upward movement of the pole f o rm 
a f u n c t i o n a l u n i t w i t h t h e a c t u a l t a k e - o f f 
process. 

W o r k o n t h e po le , ba r d e a r a n c e 

A basic demand is t ha t the pelvis should be 
brought to shoulder height (closing of the angle 
between the upper arm and the trunk). 
• In order t o guaran tee a l o n g - t e r m Pe r fo r 

mance development (uni ty o f technical skills 
and physical abil it ies) a "negat ive d i f ference 
between grip height and bar height (vault ing 
h e i g h t < g r i p h e i g h t - 0 . 2 0 c m ) s h o u l d be 
avoided r igh t f r om the start . In t he case o f 
such problems i t is recommended to vaul t w i t h 
softer poles and lower grip heights in order to 
aecentuate the work on the pole. In this con
tex t , several preparatory and accompany ing 
training exercises on the rope. hor izontal bar. 
rings and parallel bars can be helpful . too. 

REFERENCES 

ADAMCZEWSKI, H. (1986): 

Technikleitbild Stabhochsprung: Trainerhandmaterial Stab
hochsprung. FKS Leipzig 

ADAMCZEWSKI. H. (1996): 

Analysematerial zum Wettkampf am 21.6.1996 (Deutsche 
Meisterschaften 1996 in Köln), IAT e.V. Leipzig, FG Kraft
orientierte Sportarten 

ADAMCZEWSKI. H.; KRUBER, D. (1993): 

Technische und konditioneile Aspekte des Stabhochsprungs 
der Frauen. Die Lehre der Leichtathletik 15. pp. 15-18. 16. 
pp. 15-16 

BARTONIETZ, K.; PETROV. V.; WETTER. J. (1994): 

Zum Stabhochsprung der Frauen. Die Lehre der Leichtathle
tik 15. pp. 15-18 

GANSLEN. R.V. (1980): 

Mechanics of the pole vault (9th ed.) 

KRNÄC. L (1996): 

Zehn von achtzehn Weltrekorden. Leichtathletik 12,p. 22 

KRUBER. D.; KUMA, L; RYSHICH, W.; ADAMCEWSKI, H.; CZINGON. H. 

(1994): 

Übungsformen zur Realisierung einer modernen Stabhoch
sprungtechnik. Die Lehre der Leichtathletik 30. pp. 13-24, 
31, pp. 13-20. 32. pp. 13-24 

KRUBER. D.; KRUBER. H. (1996): 

Rekordentwicklung Richtung 4,90m - Überlegungen zur 
Leistungsentwicklung im Stabhochsprung der Frauen. Die 
Lehre der Leichtathletik 12, p. 23 

NIKONOV. I. (1995): 

Zenshshiny osvaivajut shest. Legkaja Atletika 8. pp.15-17 

SOSA, E. (1995): 

Zur Stabhochsprungtechnik der Frauen - eine empirische 
Untersuchung zur Beschreibung und Analyse ausgewählter 
Bewegungsmerkmale von weitbesten Stabhochspringe
rinnen mit Hilfe der Wettkampfbeobachtung. Johannes 
Gutenberg Universität Mainz. Diplomarbeit 

VoiOSHiNA. L (1993): 

Prygajut kitajanki. Legkaja Atletika 6, pp. 1-17 

WOZNIK, T. (1994): 

Technikanalyse der Stabhochsprungbewegung mit Hilfe 
eines Energie-Modells. Leistungssport 6. pp. 33-38 

[?S] 

IAAF quarterly New Studies in Athletics • no. 1/1997 21 



i 

^ 


