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ABSTRACT

The purpose of this study was to perform the kinematic analyses of the men’s pole vault skills in IAAF World Championships
Daegu 2011. Subjects were the Ist through 8th place finishers in the pole vault. The kinematic analyses were divided into four
phases: two dimensional run up analysis, and three dimensional analyses for the remaining plant, swing up, and extension phases.
Run-up variables consisted of run up distance, number of steps, average step length, the ratio of step length to his height, average
velocity at the final 6~11 m, approach position. Three variables were analyzed during plant: pole angle, center of gravity (COG)
velocity, and takeoff angle of COG. Swing up phase variables included: pole flexion angle, COG velocity (horizontal, vertical,
resultant), COG trajectory and bar approach angle of COG. Compared to the 2009 World Championships in Berlin, the average vault
height, run up velocity and approach position increased. However, horizontal velocity during the last two steps of the final approach
decreased dramatically compared to speeds from 1990. These results reflect the change in both technique and improved physical fitness
in pole vaulters. During extension, the peak height of COG averaged 0.3m higher then COG height when the pole was released. These
specific results can help coaches and athletes modify training and improve performance.

Keywords. Men’s pole vaulting, Run-up variables, Pole angle, Center of gravity (COG) velocity, COG takeoff angle, Pole flexion angle
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Table 1. Characteristics of subjects

Hye-Lim Kim

Height Age Record
Athlet
e Rk m e )

Wojciechowski P.

1 1.85 2 5.90

(POL)

Borges L. (CUB) 2 1.78 25 5.90
Lavillenie R. (FRA) 3 1.76 25 5.85
Michalski L. (POL) 4 1.89 23 5.85

Mohr M.

(GER) 5 192 25 5.85
Filippidis K. (GRE) 6 1.88 25 575
Didenkow M. (POL) 7 1.80 24 575

Silva F.

8 178 28 5.65

(BRA)

1.83 24.6 5.81
Mean + SD + + +
0.06 1.8 0.09
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Figure 1. Four phases of pole vault (Frere, 2010)

TD1; the last touch down, pp; pole plant, TOI; the last toe-off, MPB;
max. pole bend, PS; pole straight, PR; pole release, PH; peak height
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Figure 2. The layout of cam 1~5
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Figure 3. The layout of control objects for DLT calibration
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Table 2. Competition results in relation to season’s best 2011 (before
the World Championships)

1 591 5.81 5.90 -02
2 575 575 590 + 2.6
3 5.90 6.01 5.85 -08
4 5.75 5.80 5.85 + 1.7
5 5.81 590 5.85 + 0.7
6 573 5.75 5.75 + 03
7 5.75 5.75 5.75 0.0
8 5.80 5.80 5.65 -26
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Table 3. Athlete’s height, total run-up distance, number of run-up
steps, average step length and the ratio to his height

Hye-Lim Kim

Height Total # of Average
Rank (m) Distance steps Step Ratio (%)
(m) (step) Length (m)

118 B (Ssl)i** 1.9 1060
2 1B MME 2 27 % 1275
3 176 B 18 210 ** 1193
4 189 3420+ &l)fi** 214 ** 1132
5 12 %6 16 223 1162
6 18 37135 18 208 1106
7 180  BL (ssl)i** 197 1094
8§ 18 043* 18 203 ** 1140
M L8 400 175 210 1145

£SD +006 +193  +130  +0I3  *666

* the total run-up distance is not exactly correct due to
disturbances of first 1-2 step

** average step length has obtained except the first 1-2 step, so
slightly higher than real, and the ratio to his height is slightly
higher, too.

**% additional 1 short step for preparation first step

Table 4. Average step length for the section of 15-11 step, 10-6

step and 5-1 step (m)
Hei Average step length (ratio *)
Rank ght Last 15- 10  Last 10 - 6 Last 5 - 1
step step step
1 1.85 1.88 (101.6) 221 (119.5) 2.04 (1103)
2 1.78 242 (136.0) 224 (125.8) 2.15 (120.8)
3 1.76 2.05 (116.5) 2.17 (123.3) 2.09 (118.8)
4 1.89 2.09 (110.6) 220 (1164) 220 (1164)
5 192 225 (117.2) 2.31 (120.3) 219 (114.1)
6 1.88 2.00 (106.4) 2.26 (120.2) 221 (117.6)
7 1.80 1.90 (105.6) 220 (122.2) 2.07 (115.0)
8 1.78 1.94 (109.0) 2.11 (118.5) 2.04 (114.6)
M 1.83 2.07 (112.8) 221 (120.8) 212 (115.9)
+ + + + +
SD 0.06 0.19 0.06 0.07

* represents the ratio of step length to his height
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Figure 5. Stick figure and photo of Wojciechowski P. (POL)
Table 5. Jumping height, run-up velocity VA in section 11-6m, number of run-up steps and take-off position AP
IAAF WCh Berlin 2009 IAAF WCh Daegu 2011
Records # of Steps VA AP #of Steps VA * AP **
R
alete m e @y Atblete o M ey ) (m)
Hooker, S. (AUS) 590 18 9.24 435 Wojciechowski P. (POL) 590 (SSI)E‘** 9.05 4.50
Mesnil, R. (FRA) 5.85 18 8.99 4.15 Borges L. (CUB) 590 20 948 4.55
Lavillenie, R. (FRA) 5.80 20 9.54 4.65 Lavillenie R. (FRA) 5.85 18 9.63 4.79
Mazuryk, M. (UKR) 575 18 912 430 Michalski L. (POL) 585 (Ssl)i** 909 451
Gripich, A. (RUS) 5.75 16 873 425 Mohr M. (GER) 5.85 16 9.05 447
Dossevi, D. (FRA) 575 20 9.35 3.60 Filippidis K. (GRE) 575 18 9.34 3.80
Gibilisco, G. (ITA) 565 18 007 425 Didenkow M. (POL) 575 (ssl)i** 909 448
Straub, A. (GER) 5.65 18 9.35 420 Silva F. (BRA) 5.65 18 931 445
Lewis, S. (GBR) 5.65 18 9.24 425
5.75 1822 9.18 422 5.81 17.5 9.26 444
M = SD £000 120 4024 +027 M = SD £000  +130 02 +028
*  the velocity has analyzed in the run-up section between 11 -6m from the cut-in box
** AP has analyzed the distance between cut-in box and the last heel strike
**%% additional 1 short step(SS) for preparation first step
el 27 &5 ¢ QRIvks 71 A8 S dSe] o 2. 2% 9
& o] QAL 2FEET} 47180 & RS He
t= 727 Adamezewski 9} Perlt(1997)5 7bshd S84 ool S EEe Al & 2l FE ke v 2
Wsleln Bl 4 A £k AL WEagsen mo] & AR th olFolAm, AulE & uiel F=(Pp) W, &
M8l TSl mp7h E ukrold B 022 m Polgn  WF AW olF= S PP Ake} BEsiath 2 A7l
o= wWEdus A7 20074 _Erg}g_gtﬂﬂg} Hlmak = (Table 6)°llA H= wo} o] PP 247} oF 24° - 31° ¢
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AR Aeg F7HE AT

R. Lavillenie(FRA, 39])¢] =0 AH@A79 m)e W=t)s)
o} o] 714 & e Bdow, 2% A WS (4.66 m)
Hoh 14 on S7KF e BN, 2011 UlFHEoT 94
free take-off 7|&S AFE3ITE 2011 o+ AASFHA4A
3] 952 A= P. Wojcechowski A472] A Z2F771<]
ol FHENE | 1 (stick figure) 2= A| A3} Ti<Figue 5>

= PP Z4%7} A yehdtal sioick
53 Linthorne(2000), Arampatzis (1999, 2004)2 &5 v}
At wko] ZA|(TD 1)ZHE 1 ke o]

Table 6. The angle of pole at pole plant

R 1 2 3

TZHTO 1)7HE
(degree)
8  MiSD

4% 258 265 238 281 269 308 253 236

26323
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Table 7. The difference of velocity (mjs)
Velocity Difference
21 TD1@ TO1@3) ()2 -3
1 9.10 9.03 8.16 0.07 0.87
2 9.52 9.19 8.46 033 073
3 9.70 947 9.01 023 0.46
4 9.03 9.06 8.57 0.03 0.49
5 8.83 9.13 7.54 0.30 1.59
6 943 8.69 7.56 0.74 113
7 9.13 9.03 7.81 0.10 122
8 927 9.15 8.77 0.12 038
M 9.25 9.09 824 0.16 0.86
+SD + + + + +
0.29 022 0.56 0.30 043
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Hye-Lim Kim

Table 8. The angle of take-off on COG

(degree)
Rank event 1 (TD) event 2 (TOl)
1 59 14.3
2 10.1 19.0
3 37 100
4 3.0 143
5 57 144
6 15 10.7
7 45 135
8 7.1 134
M t SD 52 1267 137 £ 273
Table 9. The angle of pole bended (degre)
Rank Event 3 Event 4 Event 5 Event 6
1 101.3 167.6 166.4 164.8
2 1019 174.8 1767 177.1
3 833 1355 164.2 1633
4 95.2 1522 177.8 1787
5 979 171.8 1747 1720
6 9¢.1 175.7 179.1 179.0
7 96.8 168.9 169.0 169.4
8 91.9 173.1 176.1 176.1
M 9.8 1649 173.0 1725
+ SD + 598 + 14.03 + 5.65 +6.19

W g ol YR SAIFAY] RS BS wole s3] 2
Q g 7] Axe Auirt oA okt 7Y
<5 yﬂ{ChOl 2011). & AFx= 1, 2,
3, 5918 AHA|gh 419 AFAAA ol dds B F U

_‘
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a7l SASERY 5O e BYOR, T ARG Aot

_xﬁr

H ok 1 m/sAtk 195 243 Wojciechowskie 573, 4
&w9] 2}o|7} 1.27 m/sSATh

TFEHZ A7t HAs Feele FEE&ETI) <fig 6>2134

E01E%T, v 97] g3 AUlE e £HeME 5)9
FHEEE 142 m/s FoH, o] vkE ded ol & %t} Z‘
£ 2 U ATl HURl AIF(CIHIE 6)oll X et

1.26 /s<Table 10>9] 34 %7) dol QiQlth 7hd o] AR
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Table 10. Horizontal & vertical velocity of COG (fs)

Event 3 Event 4 Event 5 Event 6
H \Y H \Y H \Y H \%

1 34 217 171 433 165 320 113 027

2 245 324 200 433 156 151 149 034
3 371 132 170 520 130 262 115 109
4 307 192 137 48 127 191 105 038
5 417 236 204 4% 194 270 15 103
6 380 207 140 454 128 221 107 048
7 258 286 180 474 116 217 146 034
8 28 207 124 48 123 271 121 002
M 32 225 166 472 142 239 126 049
+ + + + + + + + +
SD 061 059 030 030 027 05 020 037

H : Horizontal Velocity, V : Vertical Velocity

8.50

0.00 0.52 0.95 138 1.82
sSec

Figure 6. The horizontal velocity of COG after MPB for 1, 2, 3
rankers

m/s

5.50

Figure 7. The vertical velocity of COG after MPB for 1, 2, 3 rankers
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Table 11. The height of COG

(m)

Rank Event 3 Event 4 Event 5 Event 6
1 225 474 5.18 5.84
2 1.95 4.84 579 5.90
3 191 4.44 5.84 6.16
4 2.16 451 5.78 595
5 2.11 453 5.64 595
6 1.96 4.60 552 5.81
7 2.58 453 5.64 5.87
8 228 4.61 5.55 597
M 2.15 4.60 5.62 593
+ SD +022 +0.13 + 021 +0.11
Table 12. The height of COG at event 5 (peak height) & his record

in Daegu (m)

1 2 3 4 5 6 7 § M SD

PH 598 590 616 595 595 581 587 597 593 011

Rec

ord 590 585 580 575 575 575 565 565 576 009
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