1994 4F 4. AT A =7 e b BTz BT H 0 ERE T 39

4, WAFXT A =7 A b RIFERITHED
FHEHIHE 5T

WA PRI R—, B W=, BN EE bR R=

4, Physical and Physiological Stability Limits of
the Human Body in a Standing Posture

Shunichi Tsuge, Kozo Matsushima, Yoshinori Takeuchi
and Ryozo Nakamura (Tsukuba University)

Abstract

Measurements were made on projections onto the ground from the center of gravity of the
human body in various standing postures. Loci of the center of gravity, drawn when subjects
are at marginal stability, were shown to form a closed curve for a fixed foot position (the
physiological stability limit). The stable region was mapped inside the physical limit,
consisting of a curve formed by the footprint and lines connecting the toes and heels. It was
observed that the resulting curves were distinct from one another, and that the re-
producibility of the physiological limit curve at a fixed position was high, although the curve
differs for different individuals.
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401\ 45 4 | 11,42 2 |14.29 1 6.67 7 110,14
4511 1504 6 |17.14 5 [35.71 - 4 | 26,67 15 |21.74
50 L5554k 6 |17.14 3 | 21.43 3 6.67| 10 |14.50
55LL 601 7 120,00 1 7.14 8 | 11,58
-6011..[‘_55%1% 6 |[17.14 3 |[21.43 2 140,00 5 (3332 16 |23.19
6521 L7044 2 5.72 3 | 60,00 4 | 26,67 9 |[13,05
T0LL_ 754 2 5.72 2 2.90
summy | % M o 2% — —#A &
00 | A | TG | am | TR | am | U | A | B | am |
50155545 2 5,71 2 2,90
5521 605k 6 |17.14 3 (21,43 1 6.70 [ 10 | 14.49
60L1_E651F 7 | 20.00 5 |35.71 4 |26.60| 16 |23.19
65LL E7040 | 13 | 37.15 9 |35.71 3 [20.00| 21 |30.44
701\ L7545 4 |[11.43 2 | 40,00 5 [33.30| 11 |15.94
75LL =80 3 8,57 1 7.15 3 160,00 1 6.70 8 |11.59
80LL -85k 1 6. 70 1 1.45
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Fig. 16 The relationship between the take-off fool and the area on
the left and right side of foot ratio.
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Atached table-1 Results of mesurments.
H—& & (cm) AA—£RET (%)
W—kE (kg)  AF—WREL (%)
AL—/ERMER (%)

(E3:H)

(NAME) (H) (W) (R) AA (AF) (AR) (AL)
0TA i 17500 73,00 136,20 77,30 6135 70.40 5341
"KASEMOTO  : 173.00 78,00 150.60 59.78 44,50 51.34 38.56
TAJIMA  © 176,00 105,00 192,60 51,85 22,08 23.89 20.43
TANAKA  : 180,00 96,00 164,60 54.07 21,62 16,64 26,21
DEGUCHI  : 163.00 64.00 147.80 6597 48.85 38,32 58.42
TODA 171,00 72.00 144,00 63,93 4542 37,91 5166
KIMURA 167.00 70.00 150.30 66,37 44.14 36,95 50.82
CHIRAL 168,00 69.00 14550 66,87 58,48 64,11 53.48
"YOSHITAKA  © 168.50 7100 148.40 67.77 53,19 57.08 49.25
OZAWA o 161,00 61,00 146,20 64.93 59,61 66,72 56,20
‘'NOGUCHI  : 178,00 88.00 156.00 74.32 65,64 72.48 64.49
'SHIMAMOTO  : 178,00 104,00 184,40 77,43 72,11 72.42 7L83
'HARAMAKI @ 170,00 71,00 144,50 66,15 57.09 48.31 65,33
"SHIMOTAMARI : 182,00 108,00 179,10 57.72 45,68 45,55 45,83
ITEYA 16450 57.00 150,50 67,36 62,85 5110 73.41
KASUGAI @ 176.20 100,00 182,80 55,91 43,88 45,33 47,71
SASASE 175.00 9300 173.50 65.24 56.96 53.78 50.73
"OGASAWARA  : 17250  62.50 121,80 66,86 48.64 4450 53.21
'MUKAI 170.00 6300 128.20 6609 52.29 49.93 5490
'NISHIMURA  © 175,50 72.00 133,20 67,26 6290 59.00 60.07
"OSIMA 170,00 72.50 147.60 63.99 49.64 53.61 45.80
MIKAMI @ 184,10 82,00 13140 61,38 54,62 46,96 6151
MIYAZAKI @ 163.00 65.00 150.09 62,30 55,60 507 59.50
'SAKASHITA 163.50 71,00 162,40 59,24 5170 4569 56,50
ARITSUNE @ 175.00 80,00 149.27 55.36 4150 41.25 4L 44
'SANNOHE 178.00 8500 150,72 57.52 4594 43,19 48.25
"HATADA 172,00 7200 141,50 69.09 60,10 62.93 57.65
TAKAHASHI  : 173.00 74.00 142.90 66,41 5439 63.77 48.38
"TAKAHASI @ 173.00 8200 158.37 39,73 50,77 42.81 58.43
"KAWAUCHIYA : 17400 90.00 170,84 74,43 6529 78,10 54,17
'KUMAGAI @ 176,00 8300 152.24 63.96 5549 49.30 6163
'HIROSE @ 180,00 90.00 154,32 65,93 56,55 54,78 58.22
'NAKAMURA 166,00 75.00 163.96 73.68 64.04 53.00 76,98
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{NAME} (H) (W) {R) AA (AF) (AR) (AL)
_TSUGARUFUJI : 174,00 71,00 134,80 66.92 55.90 55.86 5595
KYORYU 192,00 119.00 168.10 60.28 52.14 54,26 46,45
'SASANUMA 190.00 118,00 172.00 62.18 46.94 48.78 42.64
NAGAL i 176,00 112.00 205.40 65.69 49.32 52.97 46,04
soca T 179,00 98.00 170.90 61,02 47.73 50.70 45.28
'SHIMAKATA 178.00 110.00 195.00 60.06 46.79 58.72 36.45
FUKUE 17,00 104,00 208,00 62.12 46.54 47.09 46.08
'MARUYAMA 172.00 70.00 137.60 59.80 50.09 55.51 50.00
NAKAYA 1 173,00 100.00 193.10 69.63 6139 62.37 60.52
MURAI 1 178.00 100,00 177.30 56,59 40.36 38.97 4150
'SHIGETO 175.00 95.00 177.30 70,00 63.47 62.84 39.93
FUIIKAWA 174,00 99.00 18790 68.22 5108 5519 47.27
TAMANOL 178,00 95.00 168.40 77.67 60.35 65.97 5521
CTOCHIFUBUKI : 187.00 130.00 198.80 57,73 40.84 43.35 38,08

(2%—)

{NAME} (H) (W3 (R} AA  (AF) (AR} (AL}
HIRAOKA 173.00 70,00 135.20 77.46 69.14 67.07 7127
mo 170.00 59.00 120.90 74.59 66.19 65.37 67.00

KUNO 165.00 67.00 149.10 75.50 63.87 60.51 68.28
FURUYA 180.00 75.00 128.60 73.09 6L70 62.57 60,92
WADA i 18200 76.00 12610 7629 7116 69.87 7226

(—1A)

{NAME} H) Wy (R AA  (AF) (AR) (AL)
KADOWAKI 17100 5100 102.00 68.63 46.71 43.53 59.75
'MANABE 170.00 57.00 116,00 76,40 62.76 70.23 5668
ISOYAMA 166.70 57.00 123,00 81.63 6122 62.64 58.54
KIKUTA @ 16710 70.00 150,00 74,14 47.44 42,94 5162
HAMAZAKI 181,00 69.00 116,40 62.05 64.83 65.77 63,99
sAKAl 172.50  60.00 116,90 60.72 52.76 63.70 5172
YOSHIKAWA  : 156.00 55.00 144,90 62.05 65.06 64.61 65.52
'SHIMADA 17,10 58.30 116,40 60.93 67.14 60.42 62,87
KATADA 167.60 5260 11170 62.38 6L67 60.12 63.39
'MATSUSHIMA _: 168.00 60.00 123,21 74,35 46,20 48,17 44.37
NAKATA @ 169.80 5560 113,57 72,20 43.92 4158 45,91
KURITA @ 170,00 56.00 113,98 66,06 48.03 43.31 52,40
YOSHIDA 1 175.00 6250 116,62 69.73 6519 57.79 73,32
'NAGASAKA 58.00 57.00 144,51 57,14 64,54 57.83 7110
NISHIKIO  © 171,00 56,00 112,00 74,39 65,91 62.34 69,60
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