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x1. EHIEOFTERR (sec)

RAEBHERER | 0% 25% 50% 76% 100%

SEH EAD 0.83+0.02 | 0.83+0.02 0.84+0.03 0.84+0.02 0.85+0.02
SEQTRE 0.21%0.02 | 0.22+0.02 0.22+0.03 0.24+0.03 0.22+0.03
EEY 0.64+0.02 | 0.62+0.01 0.64+0.02 0.63+0.02 0.65+0.02
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#£2. BREORKIEE (cm)

A B ERYBIE
REEEREE | 0% 25% 50% 75% 100%
foot X 0.57+0.05 | 0.58+0.07 | 0.69+0.12 0.71+0.14 0.71£0.15
Y 0.35¢0.03 | 0.41+0.05 | 0.41+0.05 0.48+0.08 0.44+0.06
-Z 0.28+0.03 | 0.36+0.04 | 0.35+0.05 0.39+0.05 0.38+0.04
leg X 5.49+0.37 | 5.56+0.34 | 5.95+0.38 5.93+0.45 6.03+0.42
Y 4.67£0.29 | 4.75¢0.29 | 5.17+0.36 5.04+0.39 5.03+0.39
V/ 3.68+0.26 | 3.89+0.28 | 4.11+0.31 4.09£0.32 4.23+0.33
thigh X 11.55+0.66 | 12.13+0.68 | 11.91+0.66 |12.54+0.65 | 12.48+0.55
Y 1.88+0.21 1.89+0.24 | 2.09+0.21 1.99+0.23 2.03+0.19
Z 4.89+0.28 | 4.63+0.28 | 4.74+0.28 4.63+0.30 4.60+0.31
xi X 37.63£1.22 | 39.44+1.34 | 38.59+1.33 |39.51£1.39 | 39.43+1.44
Y 7.04+0.99 | 7.91£1.09 | 7.97+1.15 8.41+1.20 7.97£1.21
Z 34.33+1.15 | 34.05+1.15 | 33.77+1.11 33.97+1.17 | 33.76+1.16
B SArfREF
REEERE | 0% 25% 50% 75% 100%
foot X 0.19£0.02 | 0.22+0.02 | 0.23+0.03 0.22+0.02 0.25+0.03
Y 0.09+0.02 | 0.08£0.01 | 0.10+0.01 0.09+0.01 0.09+£0.02
Z 0.09+0.01 | 0.08+0.01 | 0.07+0.01 0.06+0.01 0.07+0.01
leg X 0.77£0.12 | 1.09+0.14 | 0.97+0.15 1.14+0.16 1.07+0.20
Y 0.46£0.06 | 0.54+0.07 | 0.52+0.08 0.59+0.07 0.53+0.08
Z 0.2240.04 | 0.25+0.03 | 0.23+0.03 0.27+0.04 0.25+0.04
thigh X 1.04+0.16 | 1.15+0.14 | 1.15+0.11 1.51£0.17 1.39£0.22
Y 0.54+0.08 | 0.64+0.08 | 0.61+0.08 0.61+0.06 0.63+0.10
Z 0.39+0.06 | 0.47+0.07 | 0.49+0.08 0.55+0.08 0.48+0.08
xi X 1.39+0.19 | 1.34+0.14 | 1.20+0.17 1.34+0.18 1.17£0.15
Y 0.71£0.13 | 0.65+0.07 | 0.62+0.08 0.70+0.09 0.65+0.07
Z 0.57+0.12 | 0.56+0.08 | 0.50+0.05 0.51+0.05 0.44+0.05
C BEY Btk
REEERE | 0% 25% 50% 75% 100%
foot X 0.37+0.03 | 0.36+0.02 | 0.39+0.02 0.45+0.03* | 0.46+0.03*
Y 0.21£0.03 | 0.21+0.02 | 0.23+0.03 0.25+0.03 0.26+0.02
Z 0.14+0.01  10.12+0.01 | 0.13+0.01 0.13+0.01 0.13+0.01
leg X 5373042 |5.75+0.45 |6.10£0.47 6.13+0.49 6.07+0.46
Y 4.57+0.29 | 4.81+0.30 | 5.13+0.35 5.14+0.38 4,92+0.36
Z 3.484+0.27 | 3.70+0.25 | 3.85:+0.28 3.85+0.30 3.89+0.28
thigh X 9.150.70 | 8.90£0.57 | 8.69+0.59 8.82+0.70 8.82+0.60
Y 1.85+0.19 | 1.9740.24 | 2.21+0.18 2.17+0.20 2.01+0.17
Z 4.48+0.30 | 4.41+0.29 | 4.48+0.30 4.4240.31 4.49+0.30
xi X 28.97+0.64 | 30.19+0.93 |30.39£0.99 |30.36+1.07 | 31.29+1.03
Y 6.43+0.83 | 7.17x1.00 | 7.23+1.04 7.52+1.01 7.21+1.06
Z 33.65+¢1.08 | 33.51+1.05 | 33.29+1.01 |33.35+¢1.13 | 33.19+1.12

FEERAERE. n=15. *IXBIERERH 0% DME &tk LT p<0.05 (53 5 t-8E).
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#3. BEHEOIEE (cm sec?)
A B ERVENE

REBERR | 0% 25% 50% 75% 100%
foot X 67551 70352 741466 783491 70664
Y 299+13 318422 317+24 341+36 308+22
Z 32621 323+19 373+56 346426 345+25
leg X 1397487 1449499 146598 1588+141 1582+165
Y 123967 1248484 128583 1282+131 1299+167
A 1106£69 1000+£76 1026+83 1091+133 1082+123
thigh X 2180+98 24174146 | 2546+146 2473+143 2380+139
Y 1212+95 1117462 1145+59 1181497 1231+101
yA 948+43 949+50 1021464 1067+81 1033+91
xi X 2495+140 | 26944110 | 2682+142 2914+153 2795+150
Y 1426+159 | 1416+128 | 1431+136 1507152 1455+147
VA 3744+185 | 3618+171 | 3555+176 3627+177 3479+194
B MIffREE
REBERR | 0% 25% 50% 75% 100%
foot X 474+22 541424 526+31 541+29 585+31
Y 219:+11 232+17 226+15 239+17 267424
VA 229+15 218+10 255+14 238+9 267+11*
leg X 1314+137 | 1482497 1446+112 14414124 1329+136
Y 806+78 1023+58 962+73 998+79 926+90
VA 48563 529+60 51548 562+77 568+67
thigh X 1017+118 | 1154485 1253+83 1294+105 1158+106
Y 841+105 980+86 917461 1048+107 907+98
7 549+71 64152 623+47 652469 568+61
xi X 1537+144 | 1523161 | 1550+142 1568+164 1502+130
Y 908+117 1041£116 | 988+103 1088+140 1070£126
7 1866+249 | 1800+£310 | 16384241 1833282 1731237
C Y BifE
REBERR | 0% 25% 50% 75% 100%
foot X 572424 678+34 67550 637+44 68144
Y 256+7 268+16 280+23 283+11 322+33
A 271+9 283+18 293+15 273+14 305+21
leg X 1129+70 1375+101* | 1462+90* 1436+76* 1442+88*
Y 915+40 1141460* | 1168+68* 1236+74* 129190*
7 741449 852+65 806454 814+46 909+63
thigh X 1798105 | 1827+143 | 1876+136 18214110 2071160
Y 1133481 13324117 | 1346477 1404+110 15054111
7 100458 1191+78* 1170+£80* 1164+60* 1320+74*
xi X 9848+144 | 3138+187 | 3106+198 3061+182 3135+195
Y 1394+181 | 1609196 | 1599+208 1641+226 1571+210
7 45914388 | 4883+421 | 4841+443 4857+438 4956432

FHE+EREEE n=15. * IXREBERRT 0% DMl & ek LT p<0.05 (s dh 2 t-1R7E).
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Study of fatigue produced by repetitive standing up exercise :
A three-dimensional analysis.

Someya Fujiko, Asai Hitoshi

ABSTRACT

Fatigue produced by repetitive standing up exercise is known to affect postural stability.
We reported previously that fatigue increased body sway in an anteroposterior direction just
after standing up. In this study we examined the positions of the four body parts during
repetitive standing up exercise by using a magnetic three-dimensional analyzer to assess the
motion of body parts causing body sway. Position sensors were put on the left dorsal foot,
the middle of the lower leg, the middle of the thigh, and on the xiphoid process of 15 vol-
unteer female university students with a mean age of 21.9 years and a mean height of
158.5cm. They were asked to repeat standing up and sitting down using a 40.0cm high seat
until exhausted. The exercise was divided in to three phases : standing up, just after stand-
ing up, and sitting down. The duration of each phase remained the same throughout the
experiment. The maximum position amplitude in any of three directions (anteroposterior,
lateral, and vertical) did not change during the standing-up and just-after-standing-up
phases, but in the dorsal foot the anteroposterior maximum amplitude increased during the
sitting-down phase. An increase in the vertical maximum acceleration was observed in the
dorsal foot just after the standing-up phase. During the sitting-down phase, the maximum
anteroposterior and lateral acceleration in the lower leg and the maximum vertical accelera-
tion in the thigh also increased. These results do not directly account for the increased
body sway just after standing up. However, changes in maximum amplitude and accelera-
tion during the sitting-down phase suggest leg muscle fatigue, so that the increase in body
sway can be assumed to be the result of conversion of the ankle joint moment produced

by the residual functioning leg muscles.



