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V • The aim of this study is to describe and 
evaluate the State of women's pole vaulting 
technique, using a kinematic analysis. In order to 
make an analysis of true world-class vaulting, 
the data were collected at an international 
meeting in which most of the best women 
vaulters In the world participated. First ofall. the 
pole vaulting action is divided Into individual 
phases and partial heights. After this, an 
assessment is made of the importance of these 
vaulting phases for the total Performance as 
well as the influence of further factors. Finally 
the State of Performance ofthe women is 
compared with that of the men. on the basis of 
selected parameters. * % 

1 Introduction 

Stefanie Grabner conduded her studies at the 
German Sport University Cologne with the 
degree ofa Diploma Physical Education Teacher 
in 1996. Her diploma thesis was a study on the 
women's pole vault which has also been used as 
the basis of this contribution. She has just start
ed her studies for a doctorate. 

(Translated from the original German by Jürgen 
Schiffer) 

So far no extensive and systematic studies have 
been made of the quantitative aspects of women's 
pole vaulting technique. Most of the available 
technical analyses are based on mere observation. 
Only in the articles by ADAMCZEWSKI/DICKWACH 
(1991 and 1992), ADAMCZEWSKI/KRUBER (1993) and 
BARTONIETZ/PETROV/WETTER (1994) have some quan
titative aspects (approach velocity, point of take-
off, grip height/height above grip) been dealt 
with. Furthermore, only a few vaulters of a high 
level of Performance were examined. In other 
words, there has been very l itt le quantitative 
research of the technique of women vaulters. 

2 Methods and execution of the 
investigation 

The experimental method chosen was a two-
dimensional video analysis of the pole vault 
action. from the last stride to the completion of 
the bar dearance. A three-dimensional analysis 
does not seem to be necessary, because all kine
matic features influeneing vaulting Performance 
can be analysed to a sufficient degree with the 
two-dimensional method. 

Eleven vaulters took part in the meeting se
lected (International Women's Pole Vault Meeting 
in Pulheim/Germany on February 3, 1995). In the 
following analysis a more detailed examination is 
made of those athletes who, at the date of the 
competition, had a PB of at least 3.70 m (cf. 
7bö/e 7 - next page). 

At the time of the investigation Caiyun Sun 
was the world record holder, both indoors (4.10m) 
and outdoors (4.05m). The other vaulters were all 
world class, thus providing a reliable evaluation 
of the level of technique in women's world-class 
pole vaulting at that time. 

The pole vault action (cf. Table 2] is structured 
aecording to the model of partial heights de
scribed by WOZNIK (1986 and 1992). 

The time intervals from reaching one partial 
height to reaching the next one result from the 
points in time mentioned.' 
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Figure 1: Body positions of Caiyun Sun 
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Table 1: Sul 

Vaulter • of birth PB at the time of the investigation" Performance at the meeting investigated 

Caiyun Sun CHN 1973 
Marina Andrejewa RUS 1973 
Weiyan Cai CHN 1973 
Svetlana Abramova RUS 1970 
Christine Adams GER 1974 
JanetZach GER 1975 
Nastja Ryshich RUS 1977 
Andrea Müller GER 1974 

4.10m (WR) 
4.05 m 
4.01m 
3.90 m 
3.90m 
3.85m 
3.71m 
4.05m 

4.11m(WR) 
4.01m 
3.91m 
3.91m 
3.81m 
3.81m 
3.41m 

no valid trial 

' Both indoor and outdoor Performances 

Table 2: Model of partial heights of the vaulting height H 

Symbol Designation Definition 

H 

H l 

H2 

H21 

H21a 

H21b 

H22 

H23 

H3 

H4 

Key: 

hCM 
xro2 
tSRB 
tCL(Min) 
tCM-UGH(Min) 
XPR2 

W 

Height of cross-bar H = H l +H2+H3-H4 

Take-off height of the CM H l = h C M ( t T 0 2) 

Pole phase height of the CM H2 = hcM^PKH ~ hCM( ,T02) 

Partial pole phase height of the CM. from the last ground contact of the take-off foot up to the moment of mini
mum pole chord length H21 = h C M ( t C U M j n ) ) - h C M ( t T 0 2 ) 

Partial pole phase height of the CM. from the last ground contact of the take-off foot until the start of the rockback 
H21a = h C M ( t S R B ) - h C M ( t T 0 2) 

Partial pole phase height of the CM, from the start of the rockback until the moment of minimum pole chord length 
H21b = h c M ^ q M i n ) ) - h C M ( t S R B ) 

Partial pole phase height of the CM, from the moment of minimum pole chord length to the moment of the mini
mum distance between the CM and the upper hand gripH22 = h c ^ ^ M ^ Q H ^ i n P - hC M ( tC L (M |n ) ) 

Partial pole phase height of the CM. from the moment of the minimum distance between the CM and the upper 

hand grip to the moment of the release of the pole H23 = hcM^Pf®) ~ hCM(tCM-UGH(Min)) 

Free flight height of the CM H3 = h C M ( t H p) - hcw^PRa) 

Height of the the CM above the cross-bar H4 = h C M ( t H p) - (Hl +H2+H3) 

= Height of the centre of mass above the runway 

= Moment of take-off (time of breaking contact with the ground) 

= Moment of the start of the rockback (angle between trunk and upper thigh for the first time < 180°) 

= Moment of minimum pole chord length 

= Moment of minimum distance between the CM and the upper hand grip. 

= Moment of pole release (release of the second hand from the pole) 

= Moment of maximum height of the CM 

The line-drawing in Figure 1 serves to darify 
the body positions at the borderlines between 
the phases. i.e. when reaching the individual par
tial heights. This presentation shows the athlete 
Sun during her vault over 4.11 m. which set a new 
world record2. 

Following the division of the total vaulting 
Performance into partial heights. the causes of 
the present distribution. i.e. the possible factors 
influeneing the individual phases. will be ana
lysed. In addition. the indoor world record vault 
of Caiyun Sun will be compared with the winning 
vault of Sergey Bubka at the 1993 World Cham
pionships in Stuttgart. 

' Because of the picture frequency of 50 hertz. 
the temporal resolution of the film material is 
± 0.02 seconds. 

2 The sequence of the presentation tHp before 
tpR2. i.e. reaching H3 before reaching H23. 
corresponds with the temporal course of the 
present vault (cf. Table 5). 

Results 

3.1 Model of partial heights and time 
structure 

Tob/e 3 provides an overview of the height of 
the cross-bar and the maximum height of the 
centre of mass (CM) achieved in the athlete's best 
vault. while Table 4 gives the individual partial 
heights. 

The highest maximum height of the CM of the 
world record holder Sun is 4.27m. This means 
that she is 16cm above the height of the cross
bar. Ryshich also lifts her CM significantly above 

Table 3: Height of the cross-bar / maximal 
height of the CM 

Athlete 

es. 
M.A. 
W.C. 
S.A. 
CA . 
J.Z. 
N.R. 

Height of cross-bar 

4.11m 
4.01m 
3.91m 
3.91m 
3.81m 
3.81m 
3.41m 

Maximum height of the CM 

4.27m 
4.02m 
3,89m 
3.89m 
3.81m 
3.67m 
3.52m 
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es. M.A. W.C. S.A. C A . J.Z. N.R. 

Figure 2: Results of the height model 

the height of the cross-bar (11 cm). With almost 
all the other athletes the maximum height of the 
CM and the height of the bar arealmost identical. 
i.e. the differences are between 0 and 2cm. Only 
Janet Zach stays clearly below the bar (H4 = 
-14cm). 

The height of the CM at the moment of break
ing contact with the ground (Hl) varies between 
1.15m and 1.29m, even when taking into consid
eration those athletes with poorer Performances, 
who are not listed in Table 1. 

As far as the pole phase height of the CM (H2) 
is concerned, there are considerable differences 
between the individual vaulters. Sun achieves the 
highest value (3.06m), followed by Andrejewa. 
Abramova and Cai, all of whom reach values 

above 2.60m. All the other vaulters do not reach 
more than 2.50m. The distribution of H2 to the 
partial pole phase heights H21a. H21b. H22 and 
H23 can be seen in Figure 2. Sun also reaches the 
highest H22 value (2.68m). 

It is also worth noting that H3. i.e. the differ
ence between the maximum height of the CM 
and the height of the CM at the moment of pole 
release, is very little with all vaulters. There is also 
the fact that in only two vaulters does the CM 
reach its maximum height above the runway 
actually after the release of the pole (cf. also 
points in time of the pole vaulting movement in 
Table 5). 

The time structure of the best valid trial of all 
vaulters can be seen in Table 5 and Figure 3. 

0.00 0.20 0.40 0.60 0.80 

t ime [see] 

1.00 1.20 1.40 1.60 

PH21i PH21b • PH22 • PH23 • PH3 

Figure 3: Duration of the partial pole phases Pnaia- PHH2ib' PH22 a n d PH23' a n d o f t h e f r e e 

flight phase (Pna) 
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With almost all vaulters the maximum height 
of the CM (tHp) is reached before the moment of 
pole release ( tp^ ) . so that there is actually no 
phase of free fl ight [P^). Only with Zach and 
one of the poorer vaulters does tHP arrive slight
ly later (0.02 to 0.04sec) than tpR2. and with 
Andrejewa the two points in time coincide. 

The duration of the partial pole phases is 0.12 
to 0.22sec for P^ ia (phase u n t i l reaching partial 
height H21a). 0.24 to 0.32sec for PH21b (phase 
unt i l reaching partial height H21b). 0.26 to 
0.60sec for PH22 (phase until reaching partial 
height H22) and 0.12 to O.OOsec for PH23 (phase 
until reaching partial height H23). Figure 3 pro
vides an overview of this distribution. The total 
duration of the pole phase (PH2) is between 1.18 
and 1.52sec. 

The duration of a vault from leaving the ground 
until reaching the maximum height of the CM 
(phase PHp) can be seen in Figure 3, only for 

Table 4: 

Hl 
[ml 

C.S. 1.20 
M.A. 1.16 
W.C. 1.26 
S.A. 1.22 
C A . 1.26 
J.Z. 1.18 
N.R. 1.19 

Results of the partial he 

H2 

[m] 

3.06 
2.86 
2,62 
2.64 
2.50 
2,48 
2.24 

H21 

[m] 

1.00 
0.85 
0.93 
0.93 
0.93 
1.08 
0.84 

H21a 

[m] 

0.37 
0.35 
0,40 
0.40 
0.26 
0.46 
0.39 

ights m 

H21b 

[m] 

0,63 
0.50 
0.53 
0.53 
0.67 
0.62 
0.45 

odel* 

H22 

[ml 

1.68 
1.57 
1.36 
0.74 
1.43 
1.31 
1.20 

" For a definition of the individual partiai heights see Table 2. 
" H3 data are marked with "if the maximum height of the CM 

is reached before leaving the pole (cf. Table 5). 

H23 
[m] 

0.38 
0.44 
0.33 
0.97 
0,09 
0.09 
0.20 

H S " 

[m] 

0.01 • 
0.00 
o.or 
0.03' 
0.05= 

0.01 
0.09* 

H4 : 

[m] 

0,16 
0.01 

-0.02 
-0.02 
0.00 

-0.14 
0.11 

Table 5: Points in time of the pole vaulting movement 

C.S. 
M.A. 
W.C. 
S.A. 
CA . 
J.Z. 
N.R. 

(with tT02 

•TOI tTOI tTD2 

= 0.00 see)* 

tpP h02 tSRB tCLIMin) 
[sec] [see] [see] [see] [see] [see] 

- -0.12 -0.08 0.00 0.18 
- -0.20 -0.12 
- -0.18 -0.12 

- -0.14 
- -0.16 

- -0.20 -0.12 
- -0.12 

-0.06 0.00 0.18 
-0.08 0.00 0.22 
-0.04 0.00 0.22 
-0.12 0.00 0.12 
-0.04 0.00 0.22 
-0.12 0.00 0.20 

• Key to the Symbols not explained under Table 2: 

' TD I = 
h o i 1 

irm' 
tpp = 

IpRI = 

[sec] 

0,50 
0.44 
0.50 
0.50 
0.44 
0.58 
0.50 

time of the penultimate ground contact (touchdown). 
time of the penultimate take-off. 
time of the last ground contact, 

time of the pole plant. 
time of the first hand releasing the pole. 

tCM-UGHfMin) 
[see] 

1.06 
0,94 
0.96 
0.76 
1.02 
1.20 
1.06 

tpRI 
[see] 

1,14 
1.00 
1.08 
1.06 
1,18 
1,24 
1,50 

tpRZ W 
[see] [see] 

1.36 1.32 
1.24 1.24 
1.32 1.24 
1,36 1,26 
1.32 1.22 
1,32 1.36 
1.52 1.38 

Table 6: Horizontal velocity of the CM 

es. 
M.A. 
W . C 
S.A. 
CA . 
J.Z. 
N.R. 

Vx Vx 

(tTD2) (h-Oz) 
[m/see] [m/sec] 

8,2 6,7 
7.6 6.9 
7.7 6.4 
7.2 5.9 
8.1 5.8 
7.4 6.1 
7.6 5.9 

Vx Vx Vx 

(tSRß) (tCL{Min)) (tCM-UGH(Mln)) 
[m/see] [m/sec] 

5,2 2,6 
4,5 2.7 
4.4 2.3 
4.3 2.4 
4.9 2.6 
4.5 2.1 
4.1 2,4 

[m/see] 

1.9 
1.2 
1.2 
1.1 
1.4 
1.0 
1.6 

Vx 

(1PR2) 
[m/sec 

2.0 
1.6 
1.1 
1.5 
1.9 
0.9 
1.4 

Vx 

CHR) 
] [m/sec] 

2,2 
1,6 
1,0 
1,2 
1,6 
1.1 
1.6 

those athletes who reach tHp after or simultane
ously with tpR2. The duration of phase PHp is 
between 1.16 and 1.38sec. 

3.2 Course of velocity of the centre of 
mass 

In the following an overview is given of the 
horizontal, vertical and of the resultant velocity 
of the CM at the borderlines between the various 
phases and at the beginning of the last ground 
contact (cf. Tabies 6 to 8). The maximum vertical 
velocities reached by the vaulters during the 
uneoiling phase of the pole are also considered 
(cf. Table 7). 

The horizontal velocity (Vx) of the vaulters' CM 
decreases from the plant of the take-off foot 
(tjD2) until leaving the ground (tjQ2) by up to 
2.4m/sec. This decrease of horizontal velocity 
continues during the further course of the jump 
right up to the moment of reaching the mini

mum distance between 
the CM and the upper 

grip hand (tcM-UGH(Min))-
0n reaching the maxi
mum height of the CM 
(tHp) the values are be
tween 1.0 and 2.2m/sec 
(cf. Table 6 and Figures 4 
to6). 

However. there is a sig
nificant increase in the 
vertical velocity of the 
CM after the plant of the 
take-off foot. At the mo
ment of breaking contact 
w i th the ground the 
velocity is between 2.1 
and 2.8m/sec. After this 
it decreases until roughly 
the time of the start of 
the rock-back (t5pß). 
when it Starts to increase 
again. With some vaul
ters the increase be
comes greater from the 
moment of minimum 
pole chord length 

(tcUMin))' UP t 0 t h e Po i n t 

when tne maximum ver
tical velocity of the CM is 
reached (cf. Table 7 and 
Figures 4 to 6). With the 
exception of Abramova. 
all athletes reach this 
maximum in partial pole 
phase PH22 (between 

tCMMin) a n d 

tCM-UGH(Min))- However. 
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some vaulters (e.g. Zach) 
do not reach their maxi
mum vert ical veloci ty 
dur ing the uneoil ing 
phase of the pole (i.e. 
a f t e r ^UMin ) ) b u t a t 

^02-
Since most of the ath

letes release the pole 
only after the CM has 
reached its maximum 
height. the movement at 
tpR2 is directed down-
wards again and thus the 
vertical velocity is nega
tive. 

Also, as far as the re
sult ing velocity of the 
CM is concerned, a rela
tive maximum is reached 
by all vaulters during the 
uneoiling phase of the 
pole; this does not devi-
ate from the maximum 

value of vertical velocity by more than ± 0.02 sec 
(cf. Figures 4 to 6). 

The following diagrams [Figures 4-6) are a pre
sentation of the velocity course of Sun, Andre
jewa and Ryshich. The first two athletes finished 
Ist and 2nd in the competition, while Ryshich 
finished 8th. 

Table 7: Vertical velocity of the CM* 

es. 
M.A. 
W . C 
S A 
C A . 
J.Z. 
N.R. 

Vy 

(hra) 
Vy 

(tT02) 

Vy Vy w 
(ISRB) (tcUMin)) (ICM-UGHfMinl) 

[m/sec] [m/see] [m/see] [m/see] [m/sec] 

-Ü.6 
-0.4 
-0.1 
-0.4 
-0.5 
-0.3 
-0.8 

2.4 
2.3 
2.7 
2.2 
2.4 
2.8 
2.3 

1.5 
1.8 
1.7 
1.6 
1.9 
1.7 
1.7 

2.5 
2.3 
2,4 
2.0 
2.3 
2.2 
1.6 

2.6 
2.7 
2.5 
3.0 
1.4 
1.3 
2.0 

VV 
(tPR2) 

w 
(»HP) 

[m/see] [m/sec] 

-0.2 
0.0 
-0.2 
-0.9 
-0.9 
0.3 
-1.1 

0.1 
0.0 
0.6 
0.0 
-0,1 
0.0 
0.0 

Vy max 

[m/see ] " 

3.7 (0.88) 
3.8 (0,86) 
3.5 (0.90) 
3.6 (0.82) 
3,2 (0.60) 
2.5(1.06) 
2.5 (0.86) 

' Negative values mean that the CM Is moving downward at the respective point in time. 
" In each case the time of reaching the maximum vertical velocity of the CM during the 

uneoiling phase of the pole is given 

Table 8: R« 

• 

! C.S. 
M.A. 
W.C. 
S.A. 
CA . 
J.Z. 
N.R. 

Vres 

$702) 
[m/sec] 

8.2 
7,6 
7,7 
7,2 
8.1 
7.4 
7.7 

sultant 

Vres 

(tT02) 
[m/sec] 

7.1 
7,2 
7.0 
6.3 
6.3 
6.7 
6.3 

v e l o c i t y 

Vres 

^ S R B ) 
[m/sec] 

5.4 
4.9 
4.7 
4.6 
5.3 
4.8 
4.4 

n brackets (starting from tTo2 = 0.00 sec). 

ro f t he CM 

Vres 

ftcUMM) 
[m/SAri 

3.6 
3.6 
3.4 
32 
3,4 
3.0 
2.9 

Vres 

(tCM-UGHWin)) 
[m/sec] 

3.2 
3,0 
2.8 
3.2 
2.0 
1.6 
2,6 

Vres 

(IPRZ) 
[m/sec] 

2,0 
1.6 
1.1 
1.8 
2.1 
0.9 
1.8 

Vres 

(tHP) 
[m/see] 

2.2 
1.6 
1.2 
1.2 
1,6 
1.1 
1.6 

With all vaulters the significant increase of the 
vertical velocity of the CM during t y ^ ar,d tj02. 
the subsequent slight decrease and the renewed 
increase during the uneoiling phase of the pole 
(after t Q ^ j J ) can be clearly seen. It can also be 
seen tha t Sun (3.7m/sec) and Andrejewa 
(3.8m/sec) reach a considerably higher maximum 
vertical velocity than Ryshich (2.5m/sec) and 

52 

trrD2) t(T02) t(SRB) t(CL{Min)) t(CM-UGH(Min)) t(HP) t(PR2) 

8.0 

6.0 

S 
•5 
E. 4 .0 

1? 
o 
» 2.0 

0.0 

O 

$ . 

[ ^ « ^ 
X^-"»* l»!-"«'»̂ , ' j ^ ^ ^ J S ^ , ^ 

p f 
co CM xr o co 
o o o . - . -
o o o o o 

Figure 4: CM velocity ol 

New Studies in / \thletics • no. 1/1S 

^iits~*r 
V - ^ >•* A h 

< N C D T r O ( O C M C O , t O ( O C N C O « t O < O C M O O 
c v i c g c O T j - » r i n i q i q i - ~ r - - c q o o a > q q T - » - ; 
b b b b b b b b b b b b b » - : » - : » ^ » - : 

t i m e [ sec ] 

• . V C M x — V CM y — . V CM res. 

k 
^ O (O CM CD 
et m m *t rt 

Sun (vault over 4.11 m) 

97 

«9- O CD 
IO (O CD 

IAAF quarterly 



u 
CD 

> 

-2.0 

t(TD2) t(T02) 

»̂ 1 

L... 

v^ 

X ' 

t{SRB) 

V N 

t(CL(Min)) 

^ 

t(CM-UGH(Min)) 

^^v 
V/^/N. 

t(PR2) / t(HP) 

\ / \ 

>Ö^ ^ 

^ ^ 

O O O O O O O O O O O O O O O O O O O O O r - i - i - T - T - r - r - i - T - T -

time [sec] 

VOM x VCM y V CM res. 

Figure 5: CM velocity of Andrejewa (vault over 4.01 m) 

other athletes (cf. Table 7). Thus the differences 
between the values of vertical velocity and those 
of horizontal velocity vary. After tcmyijn) all ath
letes show a horizontal velocity of the CM of 
between 1 and 2 m/sec. 

However, the height of the vaulters' CM dif
fers, not only with regard to its maximum value. 

but also with regard to the mean values during 
the individual partial pole phases (cf. Figure 7). 
This concerns especially phase PH22' during which 
the vaulters reach mean vertical velocities be
tween 2.1 and 3.1 m/sec. Some poorer athletes 
reach lower values during phase P ^ than dur
ing phase PH2ia (phase from breaking contact 
with the ground until the start of the rock-back). 

trrD2) t(T02) t(SRB) t(CL{Min)) t(CM-UGH(Mln)) t(HP) t(PR2) 

10.0 

8.0 

C O O J ( 0 0 ( O C v J C O T O ( £ ) C M C C r r O t O C ' J C O T O ( I 3 C N i C O ^ r O U 3 C M C O T O < £ l C \ ; 
i - ; ^ q q c > T - ; i - ; C \ j c o c o ^ ^ u > < q < p r ^ r ^ e o o > 0 ) o c > r - _ c > j o i « c O ' » i n i n « o 
b b b b b ö b b b b b b b b b b b b b b r ^ T ^ i ^ r - ' r ^ r - ' T ^ i ^ T ^ r ^ T - ' 

t i m e [sec ] 

VCM x VCM y V CM res. 

Figure 6: CM velocity of Ryshich (vault over 3.41 m) 
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3.3 Characteristics of the 
approach and take-o f f 

The distance of the left tip of the foot 
at take-off (dx TFIe) to the zero line (ZL) 
at the last moment of ground contact 
{tj02 - 0.02sec) varies between the indi
vidual vaulters by almost one metre. 
While Sun takes of f 3.36m from the 
zero line, this distance is less than 2.80m 
by the poorer athletes. 

With the exception of three athletes 
(Andrejewa, Cai and Abramova), the tip 
of the take-off foot is closer to the zero line in a 
horizontal direction than is the upper hand grip 
(UGH). For all athletes the CM is in front of the 
upper grip hand and tip of the take-off foot (cf. 
Table 9). 

For almost all athletes, the angle of take-off of 
the CM is between 20 and 25°. Only Sun (19.7°) 

Table 9: Length of the approach, take-off point and 
take-off angle of the CM 

es. 
M.A. 
W.C. 
S.A. 
C A . 
J.Z. 
N.R. 

Number dx TRe-ZL 
Approach strides (tTo2-0>02s) [m] 

16 
14 
16 
14 
14 
12 
16 

3.36 
3.09 
3.18 
3.26 
3.00 
3.15 
2.72 

dx TFIe-UGH 

(tTO2-0.02s) [m] 

-0.02 
0.09 
0.06 
0.24 
-0.11 
-0.02 
-0.22 

alphaCM 

(1702) n 

19.7 
18.4 
22,9 
20.4 
22.5 
24.7 
21,3 

and Andrejewa (18.4°) show smaller take-off 
angles. 

At the time of the pole plant (tpp) the angle 
between the chord of the pole and the horizontal 
is between 32.0 and 37.9 degrees. At the moment 
of leaving the ground (tjo2) •* iS between 34.7 
and 39.5°. Here, Sun shows the lowest value in 
each case. 

Table 10: Minimum length of the chord of the pole and the ratio of body weight to pole stiffness 

Total length [m]" CL(Min) " [m] CL(Min) [%] Body mass [kg] Pole stiffness [kg/lbs] Pole s t i f fness"* [%] 

C.S. 
M.A. 
W . C 
S . A . " " 
C A . 
JZ. 
N.R. 
A . M . " - " 

4.30 (Spirit) 
4.25 (Pacer) 
4.30 (Spirit) 
4,50 (Nordic) 
4.25 (Pacer) 
4.25 (Pacer) 
4.30 (Spirit) 
4,30 (Spirit) 

2.97 
3.23 
3.20 
3.50 
3.34 
3.10 
3.23 

69.1 
76.1 
74.5 
77.7 
78.7 
72.9 
75.1 

58 
52 
62 
58 
69 
60 
59 
57 

68/150 
57/125 
66/145 

? 
70/155 
59/130 
68/150 
66/145 

117 
110 
106 

? 
101 
98 
115 
116 

The brand name is given in brackets. 
CL(Min) = minimum pole chord length, 
Pole stiffness as a percentage of the vaulter's body weight, 
Nothing can be said about the stiffness of Abramova's pole as it was sawn off. 
Müller remained without a valid trial. The information about pole stiffness 
concems the pole which she used for her two failures over 3.71m. 

J .Z . N.R. 

•Vy(PH2ia) • vy(PH2ib) Vy(PH22) "VylPHaa) | 

Figure 7: Mean vertical CM velocity during the individual partial pole phases 
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Figure 8: Length of the chord of the po le as a percentage of the total length, as a funet ion of 

t ime {tT02 = 0-00sec) 

3.4 Shortening o f t h e chord o f t h e pole 

The vaulters examined show signif icant d i f fer 
ences in the shortening of the chord of the pole. 
Whi le the wor ld record holder Sun shows a m in i 
mum length o f the chord o f the pole of 6 9 . 1 % o f 
the total length, the other athletes reach values 
between 72 and 79% (cf. Figure 8 and Table 10). 

I t is no tewor thy that almost all athletes use 
poles w i t h a st i f fness ra t ing above the i r o w n 
body weight. Sun uses a pole whose stiffness rat
ing is 1 1 7 % o f her body mass (cf. Table 10). 
However, when looking at these values, i t should 
be taken into aecount that the bending proper
ties o f d i f ferent pole modeis (e.g. ÜCS Spir i t or 
Pacer) can be compared w i th each other only to 
a certain extent. 

3.5 Pendulum and rock-back behaviour 

Af ter the take-off , most athletes3 f i rs t swing 
on the pole w i th an angular velocity o f between 
130 and 170o/sec (Sun 136.20 /sec)4 . A f t e r the 
start of the rockback (t5RB) this velocity decreas
es very s igni f icant ly . Here, on ly Sun reaches a 
value above 100, i.e. 104.8o/sec5. Wi th the excep
t i o n o f Adams, the a th le tes in t h e nex t f i v e 
places at the meet ing show values o f a t least 
above 60o/sec. whereas all o ther athletes show 
values below 40°/sec. 

It is also noticeable that the f irst six athletes 
(wi th the exception of Abramova) show a lower 
m i n i m u m d is tance be tween the CM and the 
upper hand gr ip during the rock-back and that. 

therefore, their mass moment of inert ia is also 
lower than that o f the other athletes. 

3.6 Grip he igh t /He igh t of C M above the 

upper hand g r i p 

In regard to the grip heights of the di f ferent 
athletes and the maximal he ight o f the CM is 
reached in each ease, i t is noticeable tha t only 
the first four athletes in the competi t ion achieve 
heights which are clearly above the upper hand 
grip (21 to 41cm)6. Adams lifts her CM sl ightly (7 
or 2cm) above the upper hand grip, whereas the 
o ther ath letes even show negat ive values (cf. 
Table 7 / and Figure 9). 

The analysis o f the horizontal posit ion of the 
CM shows t h a t t he max imum he igh t is never 
reached exactly above but always behind the bar 
(B), i.e. in the di rect ion of the landing pad (cf. 
Table 11). 

The vert ical di f ference of the posit ion o f the 

CM in relation to the bar at t H p (H4) has already 

been dealt w i th under 3.1. 

3 Symbolized by the connecting line between 
the CM and the upper hand grip (the upper 
hand is assumed to be the fulcrum of the 
vaulter system, cf. e.g. Woznik 1986). 

4 Mean angular velocity during P^ ia-
5 Mean angular velocity during P^ ib-
6 Height above grip = difference between max

imal height of the CM and the net grip height. 
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Table 11: Grip height of the upper hand and position of the fact that she reaches the moment 
the CM at tHp 

hCM(max) GHne f 
[m] [m] 

hCMOnaxHaHne, Grip width 
[m] [m] 

d x C M - B 
[m] 

C.S. 
M.A. 
W . C 
S.A 
CA. 
J.Z. 
N.R. 

4,27 
4.02 
3,89 
3,89 
3,81 
3,67 
3,52 

3,86 
3.64 
3.65 
3,68 
3.74 
3.71 
3.68 

0.41 
0.38 
0.24 
0.21 
0.07 
-0.04 
-0.16 

0.59 
0.52 
0.52 
0.57 
0.59 
0.48 
0.49 

0.42 
0.17 
0.01 
0.01 
0.19 
0.13 
0.26 

• Grip height at the centre of the upper hand 
minus 20cm of box depth 

4 Discussion o f the results 

For all athletes, H27 eonstitutes the highest 
proport ion of the to ta l vaul t ing height 
(hpM(max)) (cf. Tob/es 3. 4 and Fiqure 2). Here 
the world record holder Sun achieves by far the 
highest value (3.06m). followed by the second 
best vaulter. Andrejewa. with 2.86m. It is worth 
mentioning that. in general. a decrease of maxi
mum CM height also leads to a decrease of the 
absolute value of H2. 

It is noticeable that. with almost all athletes. 
H22 eonstitutes the highest proportion of H2. 
Sun shows a higher value of H22 (1.68m) than all 
other vaulters. and, once again. Andrejewa shows 
the second highest value (1.57m). Unlike the 
other athletes, Abramova achieves a higher 
increase of CM height in the partial pole phase 
PH23 than in phase PH22- This could be caused by 

H2 = increase of CM height from the time of 
leaving the ground to the time of pole release. 

of minimum distance between the 
centre of mass and the upper hand 
grip (phase borderline between PH22 
and PH23) much earlier in the process 
of the vault than the other vaulters. 
However. this is not caused by a 
faster execution of the total move
ment. because the durat ion of 
Abramova's total movement is identi
cal to that of the other athletes. 
Rather the CM does not get close 
enough to the upper hand grip before 

it moves away from the pole very early again. The 
first three athletes in the competition also show 
high H23 values. As far as H21a and H21b are 
concerned. no direct relation with the total 
vaulting height can be observed. 

Apart from the pole phase height. which in the 
case of Sun and Andrejewa is 71.7 and 71.2% 
respectively and in the case of the other vaulters 
between 63 and 68% of the maximum height of 
the CM, the total vault ing height is mainly 
dependent on the take-off height Hl (height of 
the CM at the time of breaking contact with the 
ground). In the case of Sun. Hl eonstitutes 28.1. 
with Andrejewa 28.8 and with all other athletes 
31 - 370/0 of the maximal height of the CM. Thus 
it is striking that. with the two best vaulters. H2 
eonstitutes the greater part of the total Perfor
mance, while the percentage of their take-off 
height. H l , is lower than in the ease of the other 
athletes. 

H3 has almost no meaning for the height of 
the CM of the vaulters examined, because only 

0.50 , 

e s . M A . W.C . SA. C A . J .Z. N.R. 

56 

Figure 9: Difference between the maximum height of the CM and the net grip height 
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Zach and one of the poorer athletes show a gen
uine 'free flight height', i.e. only these athletes 
really lift their CM after the release of the pole, 
although not higher than 0.01m (0.3% of the 
to ta l height). With all other vaulters, H3 is 
between 0.00 and 0.09m. However, as already 
mentioned under 3.1, although this is the differ
ence hCM(max) - hCM(tpR2), these values are no 
indication of a rise of the CM after the release of 
the pole. Rather the CM has already dropped 
again at tpR2 as compared with its maximum 
height. 

As far as the duration of the total movement is 
concerned, there is no direct relation with the 
vaulting Performance. However, it can be ob
served that the weaker vaulters more frequently 
let go of the pole with the upper hand first. A 
reason for this could be that they do not clear 
the bar in a prone position but in a lateral or 
even supinc position. 

One cannot ascertain any direct relationship 
between the maximum height of the CM and H l , 
which is determined, to a large extent, by body 
height, and which can be influeneed only slightly 
by the take-off f iguration. With the athletes 
examined, H3 (which is practieally non-existent 
and which is determined by the vertical velocity 
of the flight from the pole) has an equally low 
influence on the total vaulting height. 

In the present cases, differences regarding the 
maximum height of the CM achieved are, there
fore. almost always caused by differences of H2. 
Thus it can be assumed that characteristics which 
are related to an increase of the total vaulting 
height are concerned mainly with a change of 
H2. 

The grip height on the pole is an important 
prerequisite of a good vault. For example. the 
world record holder Sun shows the highest net 
grip height (3.86m). whereas the athlete ranked 
last in the competition shows the lowest grip 
height (3.45m). However. a higher grip height 
does not automatically mean a better total Per
formance, as is shown by the other athletes. 
Ryshich. for example. reaches only a CM height 
of 3.52 m with a net grip height of 3.68m. while 
Andrejewa lifts her CM to 4.02m. although she 
grips four centimetres lower (cf. Table 11). 

Therefore. an important criterion of a good 
vaulting Performance is the difference between 
the maximum height of the CM and the net grip 
height. As far as this characteristic is concerned, 
there is a clear eonneetion with the maximum 
height of the CM achieved by the individual 
vaulters (cf. Figure 9). 

It is also conspieuous that the better athletes 
show considerably higher maximum vertical 

velocities of the CM during the extension phase 
of the pole. For example. the first and second 
placed vaulters, Sun and Andrejewa. achieve max
imum values of 3.7 and 3.8m/sec respectively, the 
following three between 3.2 and 3.6m/sec. while 
all other athletes show vertical velocities of less 
than 3m/see (cf. Table 7). 

The higher placed athletes. especially Sun and 
Andrejewa. show a significantly higher mean ver
tical velocity of the CM during PH22 than the 
poorer athletes (cf. Figure 1). With 1.68 and 1.57m 
respectively during PH221 ^ u n a n ^ Andrejewa 
achieve the greatest increase of CM height of all 
the vaulters (cf. Table 4). 

Furthermore. when looking at the angle of the 
line connecting the CM with the upper hand grip. 
it becomes obvious that the poorer vaulters do 
not rock back as fast, and as far after t^Rß. as the 
higher placed athletes do. With the exception of 
Abramova. the latter also achieve a smaller mini
mum distance between the CM and the upper 
hand grip and. therefore. a smaller mass moment 
of inertia in the rock-back phase. 

However, total vaulting Performance is also 
influeneed by the take-off. The take-off point of 
all vaulters Clearing a height of at least 3.81m is 
more than three metres away from the zero line. 
while the athletes Clearing only 3.41 or 3.51m. 
take off at a distance of 2.38m to 2.78m from 
the zero line (cf. Table 9). 

However, there is no relation between, on the 
one hand. the maximum height of the CM and. 
on the other hand, the minimum length of the 
chord of the pole and the ratio of body weight to 
pole stiffness. Although the world record holder, 
Sun, achieves the most marked shortening of the 
chord of the pole, no general trend can be ob
served (cf. Table 70). Also, no clear relation with 
total vaulting Performance can be observed in 
regard to planting angle and the velocities ofthe 
CM at times tTD2 and tT02 (cf. Tob/es 6 to 8). 
However, with 8.2m/see, Sun achieves the highest 
horizontal velocity of all vaulters at t j ^ -

However, one cannot rule out the possibility 
that characteristics, which, in this study, did not 
show any relation with total vaulting Perfor
mance, may very well have an influence on the 
maximum height of the CM. but are masked by 
other factors. 

5 Comparison of selected characteris
tics of the women's and men's pole 
vault, using the examples of Caiyun 
Sun and Sergey Bubka 

The vaults chosen for comparison were that of 
the Chinese vaulter Caiyun Sun over the indoor 
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world record height of 4.11 m. at the First Inter
national Women's Pole Vault Meeting on Febru
ary 3. 1995. in Pulheim, and the winning vault of 
Sergey Bubka over 6.00m. at the IV. Athletics 
World Championships in Stuttgart in 1993. It can 
be assumed that Sun. who. at the time of the 
investigation in February 1995. was both indoor 
and outdoor world record holder, and Bubka. 
world record holder. Olympic Champion and by 
now five times world Champion represented the 
best technique in the women's and men's pole 
vault. The personal data of both valters are given 
in Table 12. All data for Bubka come from the 
study by ADAMCZEWSKI/GROS/WOLF (1993). 

Firstly the time phase structure and the partial 
heights of the selected vaults are compared. Then 
the velocity of the CM, selected take-off parame
ters. grip height, height above the upper hand 
grip and shortening of the pole chord are ana
lysed in detail. 

Since neither the moment of the start of the 
rock-back {t^g) nor the minimum distance be
tween the CM and the upper hand (tcM-UGH(Min)) 
were determined in the investigation by ADAM-
CZEWSKI/GROS/WOLF (1993), this comparative study 
of the duration of the pole phase of the selected 
vaults can make a distinetion only between PH2i 
(duration from take-off to the time of minimum 
length of the pole chord) and PH22 + P H23 (d u ra-
tion from the moment of the minimum length of 
the chord of the pole to the release of the pole). 

While both vaulters need roughly the same 
time for PH2i. Sun requires 0.86 see for PH22 + 

PH23' which is much longer than the time Bubka 
needs {0.60sec). However. at the moment of pole 
release Sun's CM is lowered again, whereas 

Table 12: Personal data of Caiyun Sun and 
Sergey Bubka 

Caiyun Sun (CHN) 

1,70m 

Sergey Bubka (UKR) 

1.83m 

Body height Body weight Vaulting height' 

58kg 4.11m 

80kg 6.00m 

• Bar height of the trial used for comparison. 

Table 13: Comparison of the different times 
of the pole vaulting movement 

Sun 
Bubka 

tT02[s l 

0.00 
0.00 

,CL(Mln) [ s l 

0.50 
0.52 

tPR2 [sl I H R [s] 

1.36 
1.12 

Bubka's CM rises for another 0.44sec after P H 2 2 + 

PH23- Unlike Sun. therefore. Bubka shows a gen
uine free f l ight phase PH3 (cf. Table 13 and 
Figure 10). 

The analysis of the partial heights shows that 
the take-off heights (Hl) of Caiyun Sun and 
Sergey Bubka are almost identical. However, 
there are great differences with regard to H2 (cf. 
Table 14 und Figure 11). Here Bubka reaches 
1.09m more than Sun, approximately 70% of 
which is caused by the greater height increase in 
phases PH22+ , : >H23- Furthermore, Bubka has a 
huge free flight height H3 of 0.85m. Other strong 
pole vaulters. such as Trandenkov, Tarassov or 
Huffman, show a considerably lower value of H3 
(cf. ADAMCZEWSKI/GROS/WOLF 1993 and ANGULO-

KINZLER/KINZLER/BAUUS et al. 1994). 

Both Sun and Bubka lift their CMs to a fair 
height above the bar. Sun 0.16m above and 
Bubka 0.22m (H4). From this it can be conduded 

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 

t i m e [sec] 

PH21 • PH22+PH23 • PH3 

Figure 10: Comparison of the duration of the partial pole phases PH21 and PH22+PH23 and of 
the free flight phase (PH3) 
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Table 14: Comparison of partial heights 

Sun 
Bubka 

h C M ( m a x ) H 1 

[m] [m] 

4.27 
6.22 

H2 
[m] 

1.20 3.06 1.00 
1.22 4.15 1.32 

H21 H22+H23 ^ 3 ' 

[m] [m] [m] 

H4 

[m] 

2.06 
2.83 

0.01» 0.16 
0.85 0.22 

• H23 is marked with a blop (•) if the maximum height of the 
CM is reached before the release of the pole (cf. Table 13). 

Table 15: Comparison of the velocities of the 
centres of mass 

Vx(tT 02) Vy( tT 02) Vres(tTo2) Vymax VyUpRjj) 
[m/sec] [m/sec] [m/see] [m/see] [m/see] 

Sun 6.7 
Bubka 8.6 

2.4 
2.0 

8.2 
8.8 

3.7 
5.1 

-0.2 
4.3 

t ha t i t would have been possible for both 
vaulters to achieve even greater heights. 

It is also notable that. at the moment of take-
off (tT02). Bubka reaches a significantly higher 
horizontal velocity of the CM (8.6m/sec) than 
Sun (6.7m/sec). whereas his vertical CM velocity 
at this time is lower than that of the Chinese 
vaulter (cf. Table 15). However. Bubka's maximum 
vertical velocity (5.1 m/sec) is 1.4m/sec higher 
than that of Sun. which may be one of the rea
sons for his considerably higher H2 value. In the 
inter- indiv idual comparisons of the women 
vaulters examined in this study it was also found 
that the better vaulters showed higher maximum 
vertical velocities than the poorer ones (ef. Table 
7). The cause of Bubka's higher H3 is solely his 
higher vertical velocity of 4.3m/sec at the time of 
pole release "öecouse the free flight height H3 is 
clearly determined by the vertical velocity of the 
flight from the po/e" (WOZNIK 1986, 87). Because 
of the nil or negative vertical velocities at tpR2. 
neither Sun nor any of the other women vaulters 
examined showed a genuine free flight height. 

Comparing the take-off characteristics, it is 
noticeable that the distance of Bubka's take-off 

Table 16: Comparison of approach length and take-off characteristics 

point from the zero line is much greater than 
that of Sun. The difference of 0.84m can be 
explained by the facts that Bubka's pole grip is 
much higher than Sun's and that at tj02 the toe 
of Bubka's take-off foot is 0.30m behind his 
upper hand grip, while Sun's is 0.02m in front of 
her upper hand (cf. Table 16). 

Apart from this, Bubka, due to the greater 
amount of horizontal velocity at tT02. shows a 
smaller angle between the pole chord and the 
horizontal (beta 5); this, of course, is also the re
sult of his higher grip, which forces him to take-
off further back from the zero line, therefore 
preventing him from straightening up the pole to 
the same extent as Sun does at the moment of 
take-off. Thus, a high grip can be used only if the 
vaulter has created enough energy during the 
approach to be able to straighten the pole to the 
vertical in the further course of the vault. 

Sergey Bubka chooses a much higher grip than 
Sun (cf. Table 77). The difference of more than 
one metre can certainly be regarded as the main 
cause of his greater pole phase height. 

Also Bubka's height above his hand grip, i.e. 
the difference between the maximum height of 
the CM and the net grip height, is. at 1.37m. 

Number of approach steps dxTFIe -ZL [m] dx TFIe-UGH [m] alpha C M ( t T 0 2 ) ["] b e t a s ( t T 0 2 ) n 

Sun 
Bubka 

16 
20 

3.36 
4.20 

-0.02 
0.30 

19.7 
13.1 

34.7 
26.5 

H 3 

H 2 2 + H 2 3 

H21 

H l 

Sun 

Figure 11: Comparison of partial heights 

Bubka 
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much greater than that of Sun. although Sun has 
the highest values of all the women examined 
(0.41m). 

However. it can be said that the minimum pole 
chord length of Sun (69.1%) is even shorter than 
that of Bubka (71.7%). although Bubka uses a 
considerably stiffer pole. 

In summary. one can. therefore. say that the 
weak points of top class women vaulters. as com
pared to the men are mainly concerned with 
approach velocity (cf. horizontal velocity of the 
CM at tjo2. Toö/e 75) and grip height. However. a 
high grip can produce higher vaults only as long 
as the athlete achieves a high approach velocity. 
During the take-off the vaulter must 

"on the one hand try to create a vertical 
Impulse to straighten the pole without an 
essential reduetion of the horizontal 
velocity and on the other hand he or she 
must try to achieve a favourable take-off 
position to transmit his or her energy to 
the pole." (KELLER 1991.19) 

To fulfil this demand, the athlete should strive 
for a free take-off with only a small loss of ener
gy and ensure that the pole plant does not take 
place before he or she has broken contact with 
the ground (cf. PETROV 1985). 

Apart from the aspects mentioned above, 
women obviously have problems in translating 
the energy available into vertical velocity, and 
thus increased height, during the extension phase 
of the pole. With all the women studied, both the 
maximally achieved vertical velocity and the ver
tical velocity at the moment of the pole release 
(provided the vaulters are still moving upward at 
this time at all) are clearly below the values that 
can be observed with Bubka and other male 
world-class athletes (cf. e.g. GROS/KUNKEL 1988 
and 1990, ADAMCZEWSKI/GROS/WOLF 1993, ANGULO-

KINZLER/KINZLER/BALIUS et al. 1994). 

However, especially in the case of the world-
record holder Sun, this cannot be explained by an 
insufficient bend of the pole and, therefore, too 
small an acceleration of Ihe pole through its sub
sequent rebound because Sun bends the pole 
even more than Bubka. However, the relative 

stiffness of her pole, which is 117% of her own 
body weight (top value of all women), is lower 
than that of the male world record holder 
(127o/o). Bubka's extremely stiff pole might be 
one of the reasons for his great height above the 
upper hand grip (cf. Table 77) because a stiffer 
pole extends faster. 

"i.e. the vertical velocity of the f l ight 
from the pole is increased in this way and 
the vaulter's flight height increases after 
the push-off." (KELLER 1991,13) 

Table 17: Comparison of grip height, height of CM 
above the upper hand grip, shortening of the pole 
chord 

However, it is most important that. during the 
extension phase of the vault, the body is brought 
into a position which enables the energy stored 
in the pole to be returned to the vaulter in the 
form of vertical acceleration of his or her CM. 
The problem with the women could be that they 
do not rock back fast and far enough, so that the 
extension force of the pole accelerates their CM 
more in a horizontal direction, and thus too early 
in the direction of the bar. Then the lower verti
cal velocity has a detrimental effeet on Perfor
mance during H22 and H23. Because of the body 
Position at the end of the pole phase, the final 
push-off from the pole can be executed only in a 
horizontal direction, so that it is impossible to 
gain additional height after the release of the 
pole. 

6 Summary 

As a result of this study it can be stated that. 
with all the athletes examined, H2 eonstitutes 
the greatest proport ion of the tota l height 
(hQM(max)). The world record holder Sun, who 
reaches a maximum CM height of 4.27m, also 
achieves the highest H2 value. In general it can 
be stated that a decrease in the maximum height 
of the CM also means a decrease of H2. As far as 
the further differentiation into the individual 
partial pole phase heights is concerned, one can 
observe that. with almost all athletes. H22 eon
stitutes the greatest proportion of H2. 

Apart from the pole phase height. which. with 
all athletes. is between 63 and 72% of the maxi
mum height of the CM. the take-off height Hl 
(height of CM at the moment of breaking con

tact with the ground) is also very impor
tant for the total vaulting Performance: 
The proportion of Hl is between 28 and 
37%. 

Pole length Flex-No. 

[m] [m] 

GH net 
[m] 

hC M (max) - GHne, CL(Min) 

[%] 

Sun 
Bubka 

4,30 
5,20 

(20.2-21.4) 3.86 
11.2 4.90 

0.41 
1,37 

69.1 
71.7 

" When considering the grip heights, it should be noted that with Sun the 
centre of the upper hand is defined as the upper point of grip. while with 
Bubka the upper edge of the upper hand is defined as the point of grip. 

H3 has almost no meaning for the total 
height of the CM of the athletes exam
ined, because a 'free flight height' is prac
tieally non-existent. 

No relation could be found between the 
duration of the total movement and the 
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maximally achieved height of the CM. From the 
time of breaking contact with the ground to the 
release of the pole, the athletes need 1.18 to 1.52 
seconds. and they need 1.16 to 1.38 seconds to 
reach the maximum height of the CM. 

However. important eriteria for a good vault
ing Performance are obviously the grip height on 
the pole and a position of the maximum height 
of the CM well above the net grip height. In 
addition. the better vaulters show higher vertical 
velocities of the CM in the uneoiling phase of the 
pole. Furthermore. it can be observed that their 
take-off points are significantly further back 
from the zero line and that they show a less 
marked tendency to take off "under" the pole 
than the poorer athletes. 

However. no significant relation was found 
between the maximum height of the CM and the 
CM velocities during the take-off period. the 
minimal length of the chord of the pole and the 
ratio of body weight to pole stiffness. although 
the world record holder Sun achieves exceptional 
values in each of these aspects. 

On comparing kinematic parameters of the 
women's and men's pole vault. using the exam
ples of the indoor world record vault of Caiyun 
Sun over 4.11m at the 1995 international meet
ing in Pulheim and Sergey Bubka's winning vault 
over 6.00m at the 1993 World Championships in 
Stuttgart the following could be ascertained: 

Especially in the partial pole phases after the 
moment of minimal pole chord length (PH22 + 

PH23) and also during the free flight phase (P^). 
Bubka achieves a considerably greater increase of 
height than Sun. who. after the release of the 
pole, is not able to l i f t her CM any higher. In 
spite of the greater gain in height. the duration 
of PH22 + PH23 'S shorter for Bubka. 

The analysis of the possible causes of the dif
ferences mentioned shows that the women's 
weak points. as compared with world-class male 
pole-vaulters. appear mainly in the approach 
velocity and the grip height. In addition women 
have obvious problems in translating the avail
able energy into vertical velocity to produce an 
increase in height during the lifting phase of the 
vault. Both the maximum vertical velocity and 
the vertical velocity achieved at the moment of 
pole release (provided the athletes are still mov
ing upward at this moment) are significantly 
lower with all the women than the values which 
can be observed wi th Bubka and other male 
world-class athletes. 

This study is the first extensive analysis of the 
technique of the women's pole vault from a 
quantitative point of view. The results. and espe
cially the movement execution of the world 

record holder Caiyun Sun. should be regarded as 
orientation values. 
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