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The relationships between sprinting and jumping abilities
and knee extension forces exerted by swing and piston movements

Kaoru TAKAMATSU, Koji ZUSHI, Yukito MURAKI

This study investigated the relationships between sprinting and jumping abilities and knee
extension forces with swing and piston movements. Subjects were thirty-four college male jumpers.
Abilities of accerelation and full-speed sprinting were determined by the former and latter time during
60-m sprint. Jumping abilities were determined by standing long jump and 5-step bounding. Knee
extension forces with swing and piston movements were measured during isometric and eccentric
contractions. The relative value of body weight during eccentric contraction was used as the parame-
ter of knee extension force with swing and piston movements. The one of the reasons was higher
correlation coefficient (r>0.9) between the relative value of body weight during isometric contraction
and that during eccentric contraction in swing and piston movements. The other one relates with the
subjects in this study, who are demanded the greater knee extension force exerted by eccentric
contraction during take off phase. Results were as follows;

1) Abilities of sprinting of acceleration and jumping were larger affected by knee extension
force with piston movement than that with swing movement.

2) Ability of full-speed sprinting was not affected by knee extension forces with swing and
piston movements.

3) Knee extension forces with piston movement of high level jumpers were larger than those of
low level jumpers.

4 ) The athletic performances of jump events characterized as abilities of sprinting of accelera-
tion and jumping were greatly affected by knee extension force with piston movement than that with
swing movement.

These results suggest that the knee extension force with piston movements may be effective for
the training and mesurement of sprinting and jumping abilities as well as that with swing movement.

Key words . Sprinting ability, Jumping ability, Knee extension force, Swing movement, Piston
movement )
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Table 1 Athletic records of subjects

Group n Record Best record

m % of WR m o

High jumper (HJ) 9 2.11+0.10 87.4%4.2 2.26 93.8(In)
Pole vaulter (PV) 6 4.90+0.40 81.7£6.6  5.55 92.5(H)
Long jumper (L]) 11 7.00£0.45 79.3%5.3 7.87 89.5(It)

Triple jumper (TJ) 8 ° 14.72+0.70 82.0+3.9 15.60 86.9

1) Record shows average record in each group.

2) Best record shows record of best athlete in
each group.

3) WR: World record.
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Table 2 Results of 60-m sprint, standing long
jump and 5-step bounding.

60-m sprint: Former, sec 4.15+0.19
Latter, sec 3.17+0.18

Standing long jump, m 2.924+0.12
5-step bounding, m 15.44%0.95

Table 3 Isometric and eccentric knee
extension forces exerted by swing
and piston movements, and
correlation coefficients among each
force.

Swing movement
Isometric force, kg

64.50+14.21
=0.940°
75.20i17.45}r

0.97+ 0.20— .
1.12+ 0.24}r_0'941

Eccentric force, kg
Isometric force/BW
Eccentric force/BW

Piston movement
Isometric force, kg
Eccentric force, kg
Isometric force/BW
Eccentric force/BW

124.10%25.35
=0.961°
135.30i26.55}r

1.85+ 0.34 i
2.07+ 0.38}“0'955

Swing movement vs Piston movement:
Isometric force, r=0.693
Eccentric force, r=0.758"

Isometric force/BW, r=0.714"
Eccentric force/BW, r=0.732°
*, P<0.01
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Fig. 2 Eccentric knee extension forces per body
weight exerted by swing and piston
movements for jumping athletes.
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