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Development of a Rapidly Repeating Movement of the Whole Body
Observed from Ground Reaction Forces for Female
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Abstract

The present study was designed to investigate the development of a rapidly repeating
movement of the whole body from ground reaction forces exerted during a side jump. Subjects
were 246 healthy females aged 5-17 years, and their physique (body height, body mass, skinfold
thickness), muscular power (vertical jump, standing broad jump) and rapidly repeating move-
ment (side jump) were measured.

The procedure of the side jump were hopping between two parallel lines on the force plate
from right to left alternately as quickly as possible. The distance between the lines was fixed at
one third of the mean body height at each age. Force curves gained by using force plate were
calculated using the jumping frequency per 1 second (the frequency calculated from the time
required for one jump), the times on the ground and in the air, the maximum vertical and
horizontal forces, the vertical and horizontal impulses and the kicking angle caluculated from
maximum vertical and horizontal forces.

The ferquency of the side jump per 1 second increased significantly with age by 9 years and
decreased gradually with age by 17 years. The time on the ground and the time in the air
shortened significantly with age by 9 years and prolonged gradually with age by 17 years. The
maximum vertical force per unit body mass didn’t change remarkably with age, but the
maximum horizontal force per unit body mass increased significantly with age by 13 years and
decreased gradually with age by 17 years. The kicking angle decreased significantly with age
by 13 years and increased gradually with age by 17 years. The vertical impulse per unit body
mass decreased significantly with age by 9 years, but the horizontal impulse per unit body mass
didn’t change remarkably with age.

These results suggest that a rapid repeating ability of the whole body develops by increasing
the horizontal force in comparison with vertical force and by decreasing the kicking angle and
the vertical displacement of the center of gravity with age by 9 years and drops gradually by

ncrease of fat mas with age by 17 years.
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Table 1. Physical characteristics of subjects

Age (yr) 5 6 7 8 9 10 11 12 13 14 15 16 17
Number of subjects 25 15 16 18 16 18 18 20 20 18 22 20 20
Body height (cm) 109.0 117.2 120.7 130.6 134.3 141.1 146.8 1544 156.6 160.2 157.0 157.3 158.4
334 282 422 488 553 725 460 4.17 379 315 527 483 5.63

Body mass (kg) 182 23.0 23.0 289 299 343 39.0 454 454 533 518 532 514
1.78 340 322 444 433 594 669 7.06 455 6.76 934 9.78 7.02

Skinfold thickness (mm)  17.0 234 20.1 292 253 255 278 295 234 332 351 371 36.0
341 1031 945 9.79 1023 9.74 1064 9.78 6.67 10.37 13.43 13.15 11.10

Vertical jump (cm) 177 204 207 203 30.1 319 344 367 413 374 369 360 354
3.81 438 479 321 547 426 498 492 6.05 507 738 391 5.04

Standing broad jump (cm) 92.9 112.7 120.6 127.9 143.8 146.1 159.9 162.7 1754 167.2 148.5 134.2 1452
9.74 19.40 14.30 10.72 15.23 13.55 16.36 15.14 17.83 15.07 17.42 23.08 14.86

Upper value is mean. Lower value is S.D.
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Table 2. The values of ground reaction forces exerted during the side jump

Age (yr) 5 6 7 8 9 0 11 12 13 14 15 16 17

Number of subjects 25 15 16 8 16 18 18 20 20 18 22 20 20
Jumping frequency per 1 2.09 227 256 260 3.12 279 3.18 2.67 295 243 266 264 2.65
sec (times) 025 023 033 027 027 021 022 031 030 026 022 030 0.22
The time on the ground 255 225 194 196 155 173 161 195 166 200 190 194 195
(msec) 53.8 323 345 235 163 148 140 338 157 268 24.1 321 235
The time in the air (msec) 224 215 197 188 165 186 153 179 172 211 186 185 182
274 277 303 240 225 183 130 21.7 244 293 185 179 20.1
Vertical force per unit body 347 337 4.03 4.01 425 449 419 384 407 416 395 3.79 3.83
mass (kgw/kg) 069 046 0.77 044 057 039 031 052 024 048 0.63 041 038
Horizontal force per unit 069 074 096 1.02 121 113 1.14 141 177 160 164 131 134
body mass (kgw/kg) 020 021 031 024 014 018 0.9 026 0.27 030 034 0.18 022
Kicking angle (degree) 789 778 767 758 740 759 748 699 66.6 69.0 67.5 70.9 708
2.09 260 342 260 174 2.14 1.88 212 319 324 267 278 198
Vertical impulse per unit body 0.499 0.432 0.397 0.391 0.333 0.384 0.329 0.373 0.347 0.414 0.394 0.394 0.397
mass (kgw - sec/kg) 0.071 0.044 0.055 0.040 0.028 0.029 0.022 0.043 0.035 0.048 0.042 0.044 0.039
Horizontal impulse per unit ~ 0.084 0.090 0.090 0.096 0.093 0.095 0.087 0.126 0.134 0.148 0.159 0.136 0.140
body mass (kgw - sec/kg) 0.017 0.015 0.010 0.014 0.008 0.010 0.010 0.014 0.013 0.014 0.012 0.012 0.016

Upper value is mean. Lower value is S.D.
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Table 3. Correlation coefficients between the time on the ground and ground reaction forces

at each age
Age (yr) 5 6 7 8 9 10 11 12 13 14 15 16 17
Vertical force -0.9202 -0.7014 —0.5744 —0.6905 —0.4610 —0.4566 —0.4440 -0.6096 0.0756 -0.5777 —0.6385 —0.7197 —0.5368
skkk ok * #k *% * ok ko *

Horizontal force -0.7662 -0.7589 -0.6996 -0.9185 -0.6828 —0.6401 -0.7285 —-0.6341 -0.5441 —0.7610 —0.7816 -0.6475 —0.5820

*kok Hok ok ok ok ok Fokok ®E % ook sk *k ok
Kicking angle 0.2022 0.5828 0.5022 0.7469 0.1330 0.3638 0.6570 0.3098 0.5737 0.5078 0.4599 0.0809 0.4079
* * Hokok e ok # *

Vertical impulse 0.9230 0.8644 0.7573 0.7368 0.5716 0.6782 0.6810 0.9040 0.8006 0.5943 0.7744 0.9041 0.6865

sk sk sk *okk * *ok *% ko Hkok ok EEEY okok sekok

Horizontal impulse ~ 0.3228 -0.2533 -0.3062 —0.3582 0.4614 -0.0701 -0.2000 0.5139 0.1289 0.0508 0.1514 0.4122 0.2073

*

* p<0.05 ** p<0.01 **+*;p<0.001

Table 4. Correlation coefficients between the time in the air and ground reaction forces at

each age
Age (yr) 5 6 7 8 9 10 11 12 13 14 15 16 17
Vertical force 0.3976 0.0129 0.5579 0.2528 0.4578 0.2778 0.3585 0.3535 04775 0.3484 0.0779 -0.2304 0.5599
* * % *

Horizontal force 0.2234 -0.2742 -0.2306 —0.4050 0.2090 -0.3579 -0.0104 0.0120 -0.1971 -0.3982 -0.0718 —0.1514 -0.2994
Kicking angle 0.1198 03615 0.6481 0.6637 0.3694 0.5475 0.2540 0.3883 0.3628 0.7043 0.2478 -0.0310 0.0624

ok ET) * *%

Vertical impulse 0.3481 0.4201 0.7590 0.8686 0.7446 0.7705 0.8587 0.4815 0.7966 0.7743 0.3824 0.6283 0.5387

Hkeok ok Hokk ok *okk sk sokok ok sk *

Horizontal impulse ~ 0.0824 -0.0358 -0.0492 -0.1097 0.2606 -0.0630 0.2496 0.2591 0.2702 -0.1418 -0.0352 0.6085 0.5241

sk *

* p<0.05 ** p<0.01 **: p<0.001

Table 5. Correlation coefficients between the jumping frequency per lsecond and physical

characteristics
Age (yr) 5 6 7 8 9 10 11 12 13 14 15 16 17
Body height 0.018 -0.469 0.194 0079 0.233 0.178 -0.589 0.267 -0.461 0.085 -0.424 -0.286 -0.197
* * *
Body mass 0.041 -0.457 -0.040 0142 -0352 0235 -0.511 0.085 -0.418 0113 -0.137 -0.590 -0.226
* *k

Skinfold thickness 0.148 -0.278 0.158 0.192 -0.536 0.195 -0.500 0.026 -0.439 0.092 0.105 -0.569 -0.197

* * ok

Vertical jump -0.183 -0.002 0.140 0.082 0502 0.259 0.583 0478 0.684 0.199 0.257 0219 0.162
* *

# sokok

Standing broad jump -0.101 -0.105 0.379 0397 0496 0225 0393 0.646 0531 0287 0.138 0281 0.268

sk *

* p<0.05 *kp<0.01 **:p<0.001
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