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Developmental Changes of Premotion Silent Period Observed
Just before a Rapid Voluntary Movement

Hirohisa Wakita, Yoko Goro, Norio Yaci and Kyonosuke YABE

Abstract

It has been observed that the premotion silent period (psp) appears just before a rapid
voluntary movement. The present study was designed to investigate the developmental
changes in appearance of psp observed during reaction movement of the whole body. Subjects
were 143 healthy males and 125 healthy females aged 5-18 years, and their physique (body
height, body weight, skinfold thickness) and the reaction movement of the whole body were me-
asured. On the measurement of the reaction movement, they were asked to maintain a stand-
ing posture with knee joint flexed at about 50 degrees on the force plate and to extend their
knee joint responding to a flashing lamp as quickly as possible. The EMG activities of m.vastus
medialis and m.biceps femoris were recorded by using bipolar surface electrodes and vertical
force curve was simultaneously measured by using a force plate.

The rate of appearance in psp increased with age in both sexes. The latency of psp shor-
tened abruptly with age by 12 years in both sexes. The duration of psp shortened with age in
both sexes. Using the age 18 figures as a base measurement, the relative values at age 5 were
calculated. Rate of appearance in psp was about 50%, latency of psp was about 300%, and
duration of psp was about 150%. These results suggested that nervous switching mechanism
developed similarly with age in both sexes but the development of the latency of psp was more
immature than the rate of appearance in psp or the duration of psp.

The movement time shortened abruptly with age by 12 years in both sexes. The vertical
peak force and the rate of tension rise increased with age in males, but didn’t increase from 12
to 18 years in females. Relative values of the movement time at 12 years based on 18 year old
males was about 100%, the vertical peak force was about 76 % and the rate of tension rise was
about 75%. These results suggested that the developmental process of muscular output sys-
tem was different from the development of agility ability purposed quick movement system, and

the former was more immature than the latter.
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Table 1.

Results of physique and reaction movement for male subjects from 5 to 18 years old.

Age(yr) 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Number of subjects 22 16 15 20 18 18 14 19 22 22 22 23 29 25
Body height 104.6 112.8 115.3 122.4 127.1 132.6 137.1 144.7 155.0 157.7 164.5 169.8 169.7 169.3
(cm) 3.94 3.40 3.73 4.15 4.61 3.18 4.21 6.13 7.29 5.17 6.68 7.27 4.90 4.39
Body weight 17.2 19.7 20.9 23.7 27.6 29.16 31.99 37.03 42.08 45.36 54.10 57.03 58.61 58.70
(cm) 1.85 1.75 2.05 2.92 5.28 2.50 5.18 6.97 5.95 5.42 10.32 8.06 8.32 4.73
Skinfold thickness 19.8 16.7 15.7 20.5 18.6 15.5 19.1 22.7 15.9 17.3 22.0 18.9 21.6 18.9
(mm) 4.32 5.46 3.14 6.46 8.79 3.22 9.31 9.87 4.73 4.67 9.22 7.41 8.33 7.10
Rate of appearance 14.5 21.2 16.6 15.5 16.1 19.9 26.2 22.3 22.6 25.8 29.1 37.5 29.8 26.2
in psp (%) 18.02 14.20 11.87 15.22 14.58 15.98 31.09 27.30 16.14 27.35 24.35 22.40 23.53 24.86
[ (max.) 60.0 46.7 33.3 46.7 20.0 60.0 86.7 80.0 73.3 86.7 86.7 80.0 80.0 73.3 ]
(min.) 0.0 6.7 0.0 0.0 0.0 0.0 0.0 0.0 6.7 0.0 0.0 6.7 0.0 0.0
Latency of psp 325 314 257 185 178 170 180 126 114 111 121 100 105 109
(msec) 90.3 117.6 37.2 31.2 37.1 43.0 58.3 23.9 25.0 21.3 20.4 19.7 25.5 14.1
Duration of psp 65.3 67.4 64.4 59.6 65.0 50.0 60.0 63.0 41.0 44.6 48.0 49.3 45.6 42.8
(msec) 32.93 18.05 16.05 18.46 15.4 12.33 11.11 10.14 11.86 13.93 13.95 21.63 15.53 15.57
Movement time 287 307 279 246 228 213 225 194 167 178 186 190 186 194
(msec) 45.1 58.4 38.7 38.0 17.6 17.6 59.0 21.2 16.8 18.0 16.6 26.0 27.1 31.2
Peak force 24.0 28.4 34.9 45.8 36.5 54.5 57.5 70.6 60.8 73.0 76.9 90.7 71.8 92.7
(kgw) 4.89 5.00 5.07 8.63 9.51 14.85 11.12 13.39 12.50 16.12 26.89 25.95 23.30 22.44
Rate of tension rise 0.33 0.32 0.48 0.66 0.70 1.00 0.85 1.29 1.22 1.31 1.45 1.81 1.44 1.71
(kgw/msec) 0.14 0.125 0.155 0.254 0.242 0.286 0.319 0.436 0.256 0.326 0.550 0.551 0.418 0.585

Upper values are means and lower values are S. D.
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Table 2. Results of physique and reaction movement for female subjects from 5 to 18 years old.

Age(yr) 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Number of subjects 17 24 17 19 20 17 18 18 21 22 22 20 20 20
Body height 106.9  109.8 1165 1233  128.8  133.8  140.8 149.1 153.9 1528 157.3 1574  159.3  157.8
(cm) 4.30 4.39 4.63 4.87 3.79 5.40 5.57 6.47 5.44 5.91 4.31 5.19 4.29 4.97
Body weight 18.1 18.1 21.2 23.9 27.5 30.4 35.1 41.1 4.5 48.0 49.8 51.6 51.3 51.3
(cm) 2.05 1.90 3.01 3.27 3.59 3.58 6.85 7.84 6.10 7.28 4.77 4.82 5.74 7.29
Skinfold thickness 22.4 17.2 17.1 19.7 19.4 21.3 20.9 26.9 24.6 32.2 28.1 34.9 28.4 32.6
(mm) 6.56 3.96 5.38 4.90 7.07 6.67 9.15 8.73 8.65  10.10 6.25 7.67 7.47 8.73
Rate of appearance  21.7 16.2 15.8 17.9 18.7 19.8 22.0 22.6 27.6 31.6 25.4 29.2 24.4 25.5
in psp (%) 1679  13.89  21.95 1678  11.40  19.66  17.10  13.53  20.09  21.28  23.37  23.72  22.61  19.28
[ (max.) 53.3 40.0 80.0 53.3 40.0 80.0 66.7 53.3 80.0 80.0 86.7 80.0 80.0 60.0 ]
(min.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Latency of psp 378 320 269 231 178 172 183 142 133 134 123 109 117 121
(msec) 129.3 67.7 62.2 45.1 39.7 4.1 35.6 46.2 37.8 36.2 34.8 22.5 26.8 25.1
Duration of psp 55.9 67.2 67.7 75.9 72.9 56.7 50.5 58.3 42.6 44.4 39.8 47.4 485 36.3
(msec) 21.59 1577 2117 1599  13.76  18.84  17.94 12.65 13.36 1671 1346 1590 16.79  15.79
Movement time 290 304 282 225 228 219 240 186 182 186 197 213 193 193
(msec) 42.3 47.9 45.2 48.5 18.8 34.9 38.7 17.5 24.2 16.3 35.8 26.4 20.1 22.8
Peak force 27.9 28.0 33.8 43.8 41.6 54.0 55.9 74.0 51.1 73.6 51.8 62.4 63.5 62.0
(kgW) 6.20 5.86 5.86 757 11.66 911 1411  13.37 9.87 1752 1343 1596  20.75  19.02
Rate of tension rise ~ 0.37 0.38 0.50 0.73 0.71 0.95 0.89 1.31 1.03 1.33 1.00 1.08 1.35 1.25
(kgw/msec) 0.132  0.133 0123 0.218 0.233 0357  0.292 0215 0198 0352 0284 0315 0.505  0.441

Upper values are means and lwoer values are S. D.
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Fig.1 Shematic representation of experimental arrangement.
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Fig.6 Developmental changes in the peak
value of vertical force.
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Fig. 8 Relative changes of the nervous sys-
tem based on 18 years old.
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