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Abstract

The purpose of this study is to observe the relation between the ground reaction force
during sprint running and isokinetic peak forces (IPF) exerted by knee flexion and exten-
sion. Subjects were 248 males and females, aged from 7 to 18 vear old. The ground
reaction force exerted by the foot on the ground in running measured by means of Kistler’s
force platforms. The maximum velocity of subject passing over the force platforms (Vf max)
was determined by electrical signals from photocells placed 3 m apart before and after the
force platforms. The mean ground reaction force (GRF) exerted to accelerate the body was cal-
culated by the integration of force curves. The measurement of IPF of the knee flexion (MSKF)
and extension (MSKE) was carried out by using Cybex II. The angular velocities at the knee
joint were 0, 10, 30, and 50 RPM. All subjects were requested to run at a given distance (7~8
years; 20m, 9~10 years; 25m, 11~18 years; 30m) on an experimental running track.
Vimax increased from 46 m-s! at 7 years to 7.9 m-s! at 18 vears in male subjects and
also from 4.6 m.s™! to 6.3 m-s™! at 14 vears in females. There are no significant differences
among Vfmax of 14 to 18 vears in females. Both muscle strength of knee extension and
flexion and GRF increased with age from 7 to 18 years in males, and also from 7 to 14
years in females. In the relationship among MSKE 30 which means MSKE at 30 RPM, ex-
ternal power, work, and ground reaction force, it was suggested that the musclar power
output effected on the force, power and work for the increment of the forward velocity
rather than vertical one. Although, the muscle strength and the ground reaction force
increased with the growth the ratio of the muscle strength to GRF decreased with the
growth. It was considered from these results that the effect of the neuromuscular function
on the running strength was improved with the increment of the age, and that the dif-
ferences of the body size, may affected on the running skill.
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Table 1. Physical characteristic of subjects.
N Age (yrs) Height (cm) Weight (kg)
Mean S.D. Mean S.D. Mean S. D
MA 07 10 6.6 0.3 116.4 2.0 21.3 1.4
MA 08 10 7.8 0.2 122.5 1.9 23.9 1.6
MA 09 10 8.9 0.2 128.6 3.4 2.8 1.2
MA 10 10 9.9 0.3 133.5 1.3 98.6 1.8
MA 11 10 10.6 0.2 140.6 4.8 34.7 5.4
- MA 12 10 11.6 0.3 143.0 4.5 37.0 5.3
= MA 13 1 12.9 0.2 156.6 2.0 15.2 1.8
MA 14 11 13.9 0.3 160.2 1.3 48.1 2.9
MA 15 11 14.8 0.3 165.0 1.4 52.7 2.2
MA 16 12 16.2 0.5 166.6 4.5 59.4  11.5
MA 17 12 16.9 0.3 167.7 3.8 62.1 9.7
MA 18 12 18.0 0.3 171.2 4.6 64.6 8.8
FE 07 10 6.7 0.3 116.2 1.9 21.3 2.1
FE 08 7.8 0.3 123.6 2.5 25.0 2.2
FE 09 9 8.9 0.3 126.5 g1 95.1 2.3
FE 10 9.7 0.2 133.8 3.9 98.9 1.6
4 FE 11 10.8 0.3 135.6 3.5 29.6 3.4
K FE 12 10 11.8 0.3 149.4 2.3 40.1 4.7
2 FE 13 12 13.0 0.4 151.9 1.9 44.6 2.1
FE 14 10 13.9 0.3 155.7 1.3 47.9 2.1
FE 15 12 14.9 0.2 156.1 2.0 9.9 2.7
FE 16 10 16.1 0.3 158.1 4.7 50.5 6.3
FE 17 10 16.9 0.2 158.6 5.5 51.4 4.1
FE 18 10 18.2 0.3 158.3 0.8 50.7 1.7
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Fig. 1. Schematic illustration of experimental apparatus.
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Table 2. Maximum values of velocity (Vfmax), step frequency and step length.

Vi max (m-s™) Step frequency (steps-s™!) Step length (m)
Male Female Male Female Male Female

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
07 4.66 0.308 4.71 0.417 4.16 0.388 4.35._ 0.228 1.10 0.047 1.09 0.098
08 5.35 0.185 5.02 0.281* 4.31 0.164 4,16 0.335 1.24 0.064 1.21 0.094
09 5.38 0.308 5.49 0.440 4£:08" 0.851 4.10 0.291 1.34 0.116 1.34 0.059
10 5.76 0.291 5.62 0.491 4.32 0.183 4,11 0.253 1.36 0.069 1.8 0.183
It 5.87 0.258 g1 0329 3.92 0.210 4.16 0.281 1.50 0.105 1.47 0.103
12 6.48 0.410 6.25 0205 4.33 0.265 4.04 '0.203* 1.50 0.059 1.55 0.080
13 6.38 0.216 6.29 0:992 4.09 0.339 4.09 0.318 157 - 0417 1.54 0.001
14 7.08 0.430 5.88° 0.327*¢* 4.23 0.394 878 0.275" 1687 0.110 1.58 0.129
15 7.44 0.387 6.14 0.425%+* 4.14 0.256 4.04 0.249 1.80  0.111 1.52  0.101**
16 7.65 ! 0.500 6.82 ' 0.283*** 4,59 | 0.347 4.10". 0r262% L 1,671 10. 137 1.67 0.105
17 7.59 1.0:435 688 ;) 0.202%%% 14.40 - 0.269 4.88] 1 0.239 1378 () 0.076 152 | s0uT4E
18 7.95 0,429 6.76 . 0.164*** 4 .35...0,274 40850 0.185%*. .. .1.88 . 0.061 168 + 0. (55"
% 0001 **; p<001 |*; p<0.05
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Table 4. Mechanical external work, power, and ground reaction force.
Wt (J) Wv (1) Wext (J)
Male Female Male Female Male Female
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
07 22.0 b g 24.6 4.3 10.3 23 10.7 329 5:5 35.1 4.7
08 30.6 S 29.0 5.0 9.4 2.8 10.4 2.7 39.7 4.6 39.2 6.0
09 35.2 1.2 35.7 5.6 13.6 3.3 11.8 2.3 48.1 6.9 47.2 6.0
10 44.0 8:1 39.9 6.9 14.6 3-1 14.1 3.3 58.3 6.6 53.5 8.7
11 57.5 11.9 46.7 7.0% 19.6 4.7 14.4 1.9% 7686 14.6 60.9 8.4*
12 L g 8.7 70.7 6.4* 19.2 4.9 ZE.5 2.8 80.2 -11.3 ¢ 7.0
13 780 7105 70.4 9.3 28.3 2.8 23.7 5.8*% 104.8 11.5 92.8 B.1*
14 99.5 15.9 74.0 Dopeex - 087 50 3.3 4.8 24:2° 13.3 103.7 12.7%%
15 1164 11.8 77.2 s 355 209 10.6 26.1 5.9 142.4 14.2 102.0. 17 .3e*
16 124.8-. -16.7 107.3 - 221 28.0 5.3 27.8 4.7 151.9 19.6 134.4 26.4
17 1361 20:6 935 = Ti=5% -7 9000 8.5 24.2 30 $65.7 24.5 1145 - 12 7w
18 141.9 16.6 90.8 9.0 28.9 5.9 26.4 ot 169.8 19.1 116.3 9, 4%%*
Pf (Watt) Py (Watt) Pext (Watt)
Male Female Male Female Mean Female
Mean S.D. Mean S.D. Mean S.S. Mean S.D. Mean S.D. Mean S.D.
07 272 50.6 312 i for 110 19.0 121 19.3 390 60.8 429 82.4
08 401 39.9 364 48.7 109 31.0 120 2657 503 59.0 478 807
09 431 76.0 460 84.6 142 24.5 135 17.6 564 74.6 581 86.2
10 564 82.5 527 96.4 165 38.3 164 35.9 722 99.2 682 117.4
11 660 118.5 624 89.2 204 48.4 175 23.4 856 . 145.5 794 106.6
12 B 1LET 892 83.6% 211 46.1 242 27:2 986: . “181:1 1128 96.79*
13 948 152.9 900 128.2 292 22°7 256 61.8 1220 =167.0 1142 - 127.4
14 1281 243.8 868 9].7%=* 208 33.6 313 40.9 1509 208.1 1160, JOBI2%e*
15 1476 191.4 942 - 199:0%* = 347 ~ 137.8 272 64.2 1779  220.1 1198 235.6%**
16 1707 255.2 1314 244.5** 346 59.9 308 51.4 2043 305.2 1613 293.8**
17 1816 313.5 1179 118.0%*+ 369 99.4 274 38.6%% 2181 985.3 1429  124.5%**
18 1972 267.8 1168  106.5%** 356 56.0 300 29.1% 2309 289.3 1453~ 12489 e*
GRFf (N) GRFv (N) GRF (N)
Male Female Male Female Male Female
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
07 61 9.4 66 10.4 301 28.2 316 43.5 307 29.5 323 44.5
08 i 7.4 73 8.5 332 41.1 352 33.4 340 L 360 338.2
09 81 10.0 84 10.3 378 26.7 371 38.3 387 26.4 380 24.2
10 94 8.7 95 11.6 422 47.1 432 41.6 432 46.8 442 42.3
11 114 bed 103 10.7 504 73:5 457 50.1 516 74.9 469 5131
] 123 15.0 144 13.6** 551 78.3 610 61.4 594 9.0 627 62.5
13 150 19.3 145 13:4 684 46.3 662 48.7 701 48.1 678 48.7
14 173 22.3 151 11.3¢ 736 42.7 717 45.8 756 44.5 733 45.7
15 200 20.9 155 23.9%** 300 65.2 711 85.0* 825 67.1 728 86.7*
16 225 30.6 194 30.9* 923 .. 145.2 g O i 950 . 147.5 90 5.8
17 240 33.6 182 T4 8%ne o3 1780 750 54.3%* — 1000 -174:8 772 54,5%*
18 250 32.3 175 13.9*** 983 106.9 769 31.56%** 1014 109.8 789 32,30
#*%. n<0.001 **; p<0.0l *; p<0.05
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Table 5. Partial correlation coefficient among
muscle

strength, maximum running
velocity, and age.
‘ Male Female
n [ 129 119
Ankle Dosal flexion | 0.207* 0.035
Plantar flexion l 0.338%**  0.077
Knee Extension 0RPM | 0,323%%* 0.123
10 .336%%* 0.168
30 0.406%** 0. 271**
50 0.442%%= () 990%
Flexion 0 RPM 0.290%* 0.173
10 0. 222 0.110
30 0.280** 0.186*
50 0.185* 0.212*
e p<0.001 **; <001 *; p<0.05
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Table 6. Partial correlation coefficient among muscle strength, ground reaction force,
mechanical work and power, and age.

male n=129 | female n=119
Angular velocity
(RPM) 0 10 30 50 0 10 30 50
GRF{ 0.347%%% (. 883%%% (). 430%** (,326%** | 0.219* 0.367*** (.400%** (), 454%**
GRFv 0.341%% QP70 0,384 . (.27 0.234** (. AL1%*% @407 * 0 438%*E
GRF 0.347*%*% (.287%* (.392%%* ().284** 0.237%¢ (.415"** (iG15*F D_440%%
3 Wi 0.445%** (.489*** (.565%*** (.457*** | <0.163 0°311%* = (.419%*% D 300%**
Wv 0.102 0.050 0.154 0.146 0.104 0.804%* 01 (0. 254%* ©70.273%*
Wext 0.410%**_ 0.419*** 0.535%** (.426%** | 0.167 00855%%%. (04365 (). 419%*¢
Pf | 0.448%%= ( _4G3%%* () 405%** (,403%*Ni 0186 G 0RO A 450 1) 3098
Pv 0.212* 0.155 0.232%¢ (.223* 0.107 0.320%** (,289%*  (.204**
Pet 0.455%** (.341%%* (0.507*** 0.416%** [ 0.191 0.879%%*% (), 472%%* (), 423%**
*&k. p<0.001 **; p<0.01 *; p<0.05
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