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Abstract

The purpose of this study was to investigate the relationship between conversion of the mechanical
energy and vaulting techniques in men’s pole vault. Forty-four male pole vaulters who participated in
official competitions were analyzed. Two dimensional coordinates of the vaulter’s body and the pole
were obtained by using a two dimensional DLT technique. The center of gravity (CG), conversion ratio
of the kinetic energy at takeoff (TO) to the potential energy, pole bending ratio, and pole chord reaction
force were calculated. (1) The maximal CG height was significantly related to the CG velocity at TO
(r=0.84,p<0.001), the maximal pole bending ratio (r=0.54,p<0.01), and pole chord reaction force at
the maximal pole bending (MPB) (r=0.72,p<0.001). (2) There was a significant relationship between
the energy conversion ratio and the maximal pole bending ratio (r=0.46,p<0.05). However, there was
no significant relationship between the energy conversion ratio and the maximal CG height. (3) The
maximal pole bending ratio and the pole chord reaction force at MPB for high energy conversion group
were significantly larger than those of the low energy conversion group (p<0.05). These results suggest
that the maximal pole bending ratio is one of key factors to obtain the maximal CG height, and that the
force exerted by stretching of the body during swing strongly affects the pole chord reaction force in the
pole bending phase.
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Characteristics of the subjects

Age(year) Max - Min.

Weight(kg) Max. - Min.

Personal Best(m) Max. - Min.

Subject(n=44) 22+5 32-15

66.1+7.8 86 - 52

5.08+0.61 6.05 - 3.60
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Table 2 Kinematic and Kinetic results in the

subjects
All subjects(n=44)
Mean+S.D Max. - Min.
Maximal CG height (m) 5.10+0.56 6.13-3.68
. . Touchdown 8.63+0.67 9.67-7.19
Horizontal CG velocity (m/s) Takeoff 7.00£0 58 8.13-5.80
. . Touchdown 0.48+0.51 1.26- —0.71
Vertical CG velocity (m/s) Takeoff 9.5810.33 3.39-1.95
Takeoff angle (deg) 20.5+2.8 27.6-15.7
Energy conversion ratio 1.35+0.08 1.49-1.18
Ratio of maximal pole vending (%) 21.9+5.7 35.1-14.3
. Touchdown 8.14+1.69 11.58-4.07
Pole chord reaction force (N/kg) Takeoff 14.9941.74  18.15-10.76
Pole elastic energy (J) 10.8+3.5 19.1-4.1

K.E : Kinetic energy P.E : Potential energy

Table 3 Correlation coefficients between selected kinematic and kinetic parameters

1) 2 3 (4) (5) (6) (@) 8 [©) (10) (11
(1) MAX. CG height 1
(2) Horizontal CG velocity (TD) (0.84%** 1
(3) Horizontal CG velocity (TO) 0.86%** [ 0.87*** 1
(4) Vertical CG velocity (TD) -0.33 | -0.51%% | -0.27 1
(5) Vertical CG velocity (TO) -0.25 -0.11 -0.13 0.29 1
(6) Takeoff angle -0.66%* | -0.55%* | -0.66** | 0.29 0.81 1
(7) % of max. polebend 0.54%* 0.30 0.33 -0.40 -0.57%* | -0.58%* 1
(8) Pole chord reaction force(TO) 0.26 0.21 0.29 0.14 -0.21 -0.34 -0.06 1
(9) Pole chord reaction force(MPB) | 0.72%** | 0.62** | 0.55** | -0.54** | -0.45% | -0.59** | 0.52** 0.31 1
(10) Pole eladtic energy 0.78%* | 0.53** | 0.60** | -0.833 | -0.57** | -0.73***| 0.86*** [ 0.39 | 0.72%** 1
(11) Energy conversion ratio 0.21 -0.06 -0.29 -0.20 -0.26 -0.01 0.46* -0.03 0.32 0.36 1

(* p<0.05, ** p<0.01, *** p<0.001)
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Table 4 Kinematic and kinetic results on the high conversion and low conversion groups

H.C L.C Difference
Maximal CG height(m) 5.37+0.19  5.29+0.19
. . Touchdown 8.87+0.24  9.34+0.29 il H.C<L.C
Horizontal CG velocity (m/s)
Takeoff 6.87+0.15 7.70+£0.19 bk H.C<L.C
Touchd: .38+0. .59+0.
Vertical CG velocity (m/s) ouchdown 0.88£0.33  0.59+0.55
Takeoff 2.48+0.28 2.72+0.41
Takeoff angle (deg) 20.5£1.9  19.5£3.0
Energy conversion ratio 1.47+0.02  1.21+£0.01 i H.C>L.C
Ratio of maximal pole bending (%) 26.7+7.1  20.5+1.9 * H.C>L.C
Takeoff . 13+2. .66+1.
Pole chord reaction force (N/kg) axeo 8.13:2.18 = 8.6641.69
MPB 15.45+0.43 13.53+0.84 ik H.C>L.C
Pole elastic energy (J) 13.9+3.9 8.9£0.8 * H.C>L.C
Averaged max. pole bending point (%) 66.1+2.9  47.2+10.9 * H.C>L.C

H.C : High conversion group

L.C : Low conversion group

K.E : Kinetic energy  P.E : Potential energy

* Rk RERC significant difference  (* p<0.05, *¥ p<0.01, *** p<0.001)
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