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ABSTRACT

The main purpose of this study is to discuss the variable traits of effective foot mass
during loading phase at different drop jump height, and to analyze the variation of
kinetic and kinematic paraments at each phases of drop jump. The subjects of this study
are college students majoring in physical education (average height 167.3 £ 5.4 cm,
average weight 65.1 £ 5.5 kg, average age 21.7 = 1.9 yrs), and were requested to drop
jump at the height of 20cm, 40cm, 60cm, using Kistler 9260AA6 forceplate (1000Hz)
and Vicon MXF-40 infrared video camera (200Hz) to collect kinetic and kinematic
paraments simultaneously and to calculate the effective foot mass of the subjects with
impulse momentum method (IMM). Through one-way ANOVA, repeated measures and
HSD post-hoc test (o = .05), the result shows that when the drop jump is at the height of
60cm (1.11 + 0.41 %BW) , the effective foot mass is obviously higher than 20cm (0.72
+ 0.51 %BW), 40cm (0.87 £ 0.29 %BW) (P < .05), and when the impact force, impulse,
and lower extremity stiffness of the first peak value is at the height of 60cm, it is also
obviously higher. The result shows that the impact force, impulse, effective foot mass of
the first peak value reaches high correlation, when the drop jump height increases to

60cm, which was set by this study, the effective foot mass causes higher impact injury.
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extension
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20cm 40cm 60cm

4.2

F(2, 38) = 0.31, p > .05, n°> = .02, power = .10

F(2,
38) = 1.12, p > .05, n° = .06, power = .23
Mauchly’s W
42 y? =15.64, p < .05
F(1.3, 24.0) = 4.63, p < .05, n* =

.20, power = .60
HSD

40cm -9.9 =+ 7.5 deg 20cm -5.1 =+

9.2 deg 60cm -11.6 £ 7.2 deg
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4-1 M SD
N =20 20cm 40cm 60cm
M SD M SD M SD
42 .4 9.0 40.9 9.8 41.6 7.8
deg
37.2 10.0 36.6 9.9 39.6 7.7
deg
-5.1 9.2 -9.9 7.5 -11.6 7.2
deg
*p < .05
4-2 HSD
df MS F n?  power HSD
2 11.23 0.31 .02 .10
38 35.86
2 51.79 1.12 .06 .23
38 46.34
1.3 353.11 4.63* .20 .60 60 > 20
24.0 76.24

*p < .05
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20cm 40cm 60cm

Mauchly’s W
47 ¢ =13.60, p < .05

F(1.3, 24.8) = 0.11, p > .05, n> = .01, power

F(2,38)=5.87,p<.05,n°=.24,
power = .85 HSD 40cm 119.6 £ 15.0 deg
20cm  116.8 £ 17.7 deg 60cm 124.2 £+ 14.4 deg
20cm 60cm
60cm

F(2,38)=2.78, p < .05, n° = .13,
power = .52 HSD 60cm 38.7 £ 9.2 deg
20cm  37.7 £ 9.1 deg 40cm 39.6 £ 8.6 deg
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4-3 M
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N =20 20cm 40cm 60cm
M SD M SD M SD
95.1 12.8 96.9 9.6 96.9 24.8
deg
116.8 17.7 119.6 15.0 124.2 14.4
deg
37.7 9.1 39.6 8.6 38.7 9.2
deg
*p < .05
4-4 HSD
df MS F n®  power HSD
1.3 32.95 0.11 .01 .06

24.8 303.37

2 280.47 5.87* .24 .85 60 > 20
38 47.82
2 19.99 2.78* .13 .52 40 > 20
38 7.20

*p < .05
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20cm 40cm 60cm

Mauchly’s W
61 x*=18.84,p < .05

F(1.4, 27.4) = 0.29, p > .05, n? = .02, power

= .09
F(2, 38) = 1.79, p > .05, n> = .09, power
= .35
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deg

42.8 10.2 49.6 8.2 50.3 9.7
deg

*p < .05
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= .34, power = 0.98 HSD 20cm 12.34 +
2.12 rad / sec 40cm 13.25+ 2.13 rad/ sec 60cm 14.26

H_
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F(2, 38) = 44.74, p < .05, n°
= .70, power = 1.00 HSD 20cm 12.03 +

W

.49 rad / sec 40cm 16.70 =+ 3.31 rad / sec 60cm 20.40
+ 3.71 rad / sec
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4-7 M
SD
N =20 20cm 40cm 60cm
M SD M SD M SD
7.89 1.63 9.81 1.84 11.68 2.30
rad / sec
12.34 2.12 13.25 2.13 14.26 2.02
rad / sec
12.03 3.49 16.70 3.31 20.40 3.71
rad / sec
*p < .05
4-8 HSD
df MS F n® power HSD
2 71.74 54.94%* .74 1.00 60 > 40 > 20
38 1.31
2 18.51 9.88%* .34 .98 60 > 40 > 20
38 1.87
2 351.93 44.74%* .70 1.00 60 > 40 > 20
38 7.87

*p < .05
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20cm 40cm 60cm

4-9
4-10
F(2, 38)
=0.89, p> .05, n°=.05, power = .19
Mauchly’s W .63
x? =8.22,p < .05
F(1.5,

27.8) = 0.23, p > .05, n> = .01, power = .08

F(2,38) =3.38,p<.05, 7>

=.15, power = 0.60 HSD 20cm -11.69 +
1.90 rad / sec 60cm -11.72 + 2.11 rad / sec
40cm -12.34+2.07 rad / sec 20cm 60cm
40cm
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4-9 M
SD
N =20 20cm 40cm 60cm
M SD M SD M SD
-11.69 1.90 -12.34 2.07 -11.72 2.11
rad / sec
-19.19 2.23 -19.62 2.13 -19.42 2.48
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-21.86 4.00 -21.91 4.32 -22.15 3.85
rad / sec
*p < .05
4-10 HSD
df MS F n’ power HSD
2 2.67 3.38*% .15 .60 40 >20, 60
38 0.79
2 0.92 0.89 .05 .19
38 1.03
1.5 0.64 0.23 .01 .08
27.8 2.75

*p < .05
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20cm 40cm 60cm
4-11
4-12
F(2, 38) = 1.46, p > .05, n° = .07,
power = .29 20cm 30.19 =+ 2.08 %BH 40cm
30.83 £ 3.03 %BH 60cm 30.63 £ 2.10 %BH
F(2, 38) = 8.33, p < .05,112: .31, power = .95 HSD
40cm 34.09 +3.87 %BH 20cm 35.23 +
5.07 %BH 60cm 32.90+4.33 %BH
20cm 60cm 60cm
4-11 M SD
N =20 20cm 40cm 60cm
M SD M SD M SD
30.19 2.08 30.83 3.03 30.63 2.10
(%BH)
35.23 5.07 34.09 3.87 32.90 4.33
(%BH)

*p < .05
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4-12 HSD

df MS F n? power HSD
2 2.15 1.4¢6 .07 .29
38 1.47
2 27.20 8.33*% 31 .95 60 < 20
38 3.26

*p < .05
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20cm 40cm 60cm

4-14
F(2,38)=0.38,p
>.05,n2=.02,power= 11

4-13
M SD
N =20 20cm 40cm 60cm
M SD M SD M SD
0.53 0.41 0.88 0.28 1.68 0.57
(BW)
6.75 2.69 7.30 2.18 6.85 2.41
(ms)
1.02 0.70 1.62 0.60 2.56 1.06
(N - sec)
91.13 74.81 131.58 66.75 271.01 113.84
(BW / sec)
*p < .05
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.65

Mauchly’s W

2 =7.75,p < .05

F(1.5,28.2) =50.85, p < .05, n%=.73, power

=1.00 HSD 20cm 0.53 +0.41 BW  40cm

0.88 £ 0.28 BW 60cm 1.68 £ 0.57 BW

4-14 HSD
df MS F n? power HSD
1.5 9.4350.85* .73 1.00 60 > 40 > 20
28.2 0.19
2 1.72 0.38 .02 1
38 4.47
1.5 15.6524.23* .56 1.00 60 > 40 > 20
29.2 0.65
2 178112.0436.48* .66 1.00 60 > 20, 40
38 4882.84

*p < .05
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Mauchly’s W
70 x> =6.41,p < .05

F(1.5,29.2) =24.23,p < .05, n° =.56, power =
1.00 HSD 20cm 1.02 £ 0.70 N - sec
40cm 1.62 £ 0.60 N - sec 60cm 2.56 £ 1.06 N - sec

F(2,38) =36.48,

p<.05,n?=.66,power=1.00 HSD 20cm

91.13 + 74.81 BW / sec 40cm 131.58 + 66.75 BW / sec
60cm 271.01 + 113.84 BW / sec

20cm 40cm 60cm
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20cm 40cm 60cm

4-15
4-16
Mauchly’s W
40 x* =16.31, p < .05
F(1.3, 23.8) = 0.56, p > .05, n2 = .03, power = .12
4-15
M SD
N =20 20cm 40cm 60cm
M SD M SD M SD
1.39 0.72 2.26 0.82 3.41 1.96
(BW)
75.45 40.28 53.60 20.42 43.65 13.90
(ms)
32.18 24.22 27.93 13.66 30.27 11.33
(N - sec)
24.58 22.05 56.77 58.29 93.75 80.48
(BW / sec)

*p < .05
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Mauchly’s W
68 2 =6.90,p < .05

F(1.5,28.8) =16.74, p < .05, n° = .47, power

=1.00 HSD 20cm 1.39+0.72 BW  40cm
2.26 + 0.82 BW 60cm 3.41 + 1.96 BW
Mauchly’s
W 35 x* =19.16, p < .05

F(1.2, 23.0) = 10.68, p < .05, n°

= .36, power = .92 HSD 40cm 53.60 £20.42
ms 60cm 43.65 £+ 13.90 ms 20cm
75.45 £ 40.28 ms 40cm 60cm
20cm

F(2,38)=8.70,p
< .05, n* = .31, power = .96 HSD 20cm
24.58 £22.05 BW / sec 40cm 56.77 £ 58.29 BW / sec

60cm 93.75 + 80.48 BW / sec
20cm 40cm 60cm
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4-16 HSD
df MS F n® power HSD
1.5 27.0116.74%* .47 1.00 60 > 40 > 20
28.8 1.61
1.2 8759.1210.68* .36 .92 20 > 40, 60
23.0 820.27
1.3 144.34 0.56 .03 .12
23.8 259.28
2 23958.41 8.70* .31 .96 60 > 20, 40
38 2755.40

*p < .05
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20cm 40cm 60cm

4-17 4-18
F(2, 38) = 1.96, p > .05, n°> = .09, power
= .38
F(2, 38) = 0.28, p > .05, n2 = .02, power = .09
F(2, 38) =9.88, p < .05, n> = .34, power = .98
HSD 20cm  35.58 + 9.77 N - m / kg
40cm 38.45+7.55 N -m/ kg 60cm
42.02 + 6.06 N - m / kg 20cm 40cm
60cm
4-17 M SD
N =20 20cm 40cm 60cm
M SD M SD M SD
35.58 9.77 38.45 7.55 42.02 6.06
(N -m/ kg)
36.52  9.95 36.52 10.29 38.79 7.85
(N -m/ kg)
26.06 5.25 26.35 5.21 26.81 4.83
(N -m/ kg)
*p < .05

40



HSD

df MS F n power HSD

2 207.88 9.88*% .34 .98 60 > 20, 40
38 21.03

2 34.26 1.96 .09 .38

38 17.48

2 2.93 0.28 .02 .09

38 10.45

*p < .05
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20cm 40cm 60cm

4-19 4-20
F(2,
38) = 2.35,p > .05, n° = .11, power = .45
F(2,38)=0.24,p> .05, n°=.01,
power = .08

F(2, 38) = 0.86, p > .05, n° = .04, power = .19

N =20 20cm 40cm 60cm

M SD M SD M SD

43.18 23.31 37.14 20.84 33.73 15.62
(N - m/ deg)

34.39 11.66 33.56 13.59 32.49 7.81
(N - m/ deg)

31.82 13.00 30.78 12.11 28.11 12.84
(N -m/ deg)

*p < .05
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4-20 HSD

df MS 2 power
2 458.43 2.35 11 .45
38 194.85

2 18.15 0.24 .01 .08
38 77.18

2 73.34 0.86 .04 .19
38 86.85

43



20cm 40cm 60cm

4-21 4-22
Mauchly’s W
48 x? =13.15,p < .05
F(1.3, 25.0) = 12.29, p < .05, n°
= .39, power = 0.96 HSD 20cm 1118.97
+255.78 N 40cm

1462.17 £ 531.34 N

60cm 2164.76 £+ 1200.77 N 20cm 40cm

60cm
F(2,38) =16.15, p
< .05, n* = .46, power = 1.00 HSD 40cm
0.39 £ 0.05 m 60cm 0.40 £ 0.07 m
20cm  0.34 £ 0.07 m 40cm 60cm
40cm 60cm
Mauchly’s
W .63 x> =18.22,p<.05
F(1.5,27.8) = 7.35, p < .05, n° = .28, power =
0.84 HSD

20cm 3412.01 £1223.87 N/ m
40cm 3780.93 £ 1331.07 N/ m

60cm 5462.60 +2981.83 N/ m 20cm  40cm
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60cm

4-21 M SD
N =20 20cm 40cm 60cm
M SD M SD M SD
1118.97 255.78 1462.17 531.34 2164.76 1200.77
(N)
0.34 0.07 0.39 0.05 0.40 0.07
(m)
3412.01 1223.87 3780.93 1331.07 5462.60 2981.83
(N / m)
*p < .05
4-22 HSD
df MS F n® power HSD
1.3 8630442 12.29% .39 .96 60 > 20, 40
25.0 702136
2 0.02 16.15* .46 1.00 40, 60 > 20
38 0.00
1.532660000 7.35% .28 .84 60 > 20, 40

27.8 4441341

*p < .05
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20cm 40cm

4-23
Mauchly’s W
8.28, p < .05

p<.05, n%=.22, power = .

0.72 £ 0.51 %BW
60cm

40cm
1.11 £ 0.41 %BW

60cm

F(1.5,27.8) =5.36,
HSD 20cm
0.87 £ 0.29 %BW
20cm 40cm

60cm
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4-23 HSD
df  MS F n? power HSD
1.5 1.11 5.36*% .22 .71 60 > 20, 40
27.8 0.21

*p < .05
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60cm p < .05

60cm
p<.05
60cm
60cm
60cm
40cm 20cm
20cm 40cm 40cm
Vicon Nexus
4-24 4-25 4-26 20cm  40cm
60cm
p<.05
20cm 60cm
p <.05
p <.05
4-16 20cm 40cm 60cm
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4-12 60cm
p < .05 4-22
40cm 60cm p < .05
60cm
48-93% 20cm 40cm
60cm 20cm
40cm
4-24 20cm
1 2 3
1 -
2 .69 % -
3 .93 * .60%* -
4 27 .13 .35

*p < .05
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4-25 40cm

1 2 3
1 -
2 .43 -
3 .85% 47 -
4 .05 .24 .03
*p < .05
4-26 60cm
1 2 3
1 -
2 79%* -
3 .92 L70%* -
4 .26 .01 .16
*p < .05
p> .05
60cm
4-2 60cm
F(2, 57) = 51.96, p < .05 Duncan

20.40 £ 3.71

14.26.40 &£ 2.02 rad / sec
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6.75-7.30ms 20cm  40cm 60cm

p > .05
4-27
p<.05
p <.05
p < .05
4-27
1 2
1 -
2 .58%* -
3 97 * 57*
*p < .05
Nigg 1985
50-75ms
6.75-7.30ms
60cm
Nigg 1986

1.5-3BW
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1.39-3.41BW Nigg
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60cm

HSD

20cm 40cm
60cm
20cm 40cm p < .05
60cm
p < .05
60cm
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