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Abstract

Segmental mass and location of the center of gravity were estimated from the mathematical
method using 15-segments model devised by Matsui (1952). The effects of body dimensions on
segmental parameters were examined for 34 Japanese young women. The center of gravities of whole
body at various postures were measured using reaction board technique. Segmental volumes of upper
arm, forearm, hand, thigh, leg, and foot were measured by water displacement method. The height of
the center of gravity of whole body (HCG) increased linearly with the increase of a body height (r =
0.722, p<0.001). A ratio of segmental mass to whole body mass in head, hand and foot were de-
creased with the increase of the body mass. In other segments, its ratio indicated about constant values
independent of the increase of the body mass. A estimated value of HCG at standing postures using the
segmental parameters (EHCG) compared the measured value of HCG by means of reaction board
(MHCG). The values of MHCG and EHCG indicated approximately same value at 0.8 m of MHCG. The
difference between MHCG and EHCG increased with the increment of MHCG (r = 0.762, p<0.001).
These results indicated that the estimatederror of HCG from segmental parameters using mathematical
models would be increased with the increment of body height.
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Fig. 1. Segmentation planes used in this study.

Table 1. Characteristics of subjects.

mean
Age(yrs) 21.23
Body Height (cm) 158. 1
Body Weight (kg) 51. 46

s. d. max min
2.179 35.33 19.03
4.8 170.0 149.2
6.38 72.80 41.90
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Fig. 2.Mathematical models of segment used in this study.
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Table 2. Equations for calculating segmental volume in cc.
_ 2
1. 58 V=T(rrr, r+ h) 2.9 V=mr, s h
3-”5”* V=V, +V;
1
Vi =TH h, (rllrn"'\/!'u Tyy Tia Tya + T12 I'iz)
1
V2 =Tﬂ h. {I'lz rra+‘/r13 Tia Tia Tya + T I‘|a)
1
4. Kl (F@D v = 57 h (T + rurs + 1% )
1 1
5. Hilf v =Tnh(r.’+r.r.+n')
2 h
6. F ¥ =— g (— )
3 2
1
7. Kb& v =T:rh(r.’+r.r.+ru’)
8. T‘_M V = V1 + V,
1
V. =3 * hy (ry? + rirs + 13%)
1
V. "'Tff h2 (I'zz"‘ral's"'l'un)
1
Q.E v =T(‘t+'n)llh
Table 3. Equations for calculating segmental mass in g.
m=1.076 V+0.2948 m ”
lRkoER={kE - (FA+%+2 (EHW+aik+F+ KB+ TR+ )
~ BFERKEES-E ( H=HE&K:(m) )
1. 58 ms = 7.883 H: 2. % mg =0V 3. 0AE me= 0 V
4. EBE ms = 0.6848 H, 5. BB me = 0.4411 He  6.F mp = 4.518 Ha, Ha; TR
7*”]3 Mg = 1.990 Hl 8. —FM Mg = 1 857 Ht 9 E mg = 16. 31 Hg. H[:E[%
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Table 4. Equations for estimating segmental location of center of mass in
cm.
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Fig. 4 Measurement apparatus for the center of whole body mass.
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Table 5. Center of gravity of whole body at various postures.

Height of the center of gravity( m )

posture mean

.8758
.8824
.89817
L9274
.T1687
. 6990
.T7060
L1273
.T131
.679%9
.5970
.7024
.6756
.6726
L6517
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Relative height of the cetner

posture

O =T PR — O™ EE D O
e bt b b b b b b b b e b =

.d

.d.
.31

: max’ min
.0292 0.9298 0.8188
L0312 0.9357 0.8202
L0313 0.9585 0.8345
L0312 0.9849 0.8646
.0332 0.7975 0.6474
.0308 0.7740 0.6385
L0361 0.7954 0.6161
.0345 0.8159 0.6489
.0281 0.7580 0.6383
.0285 0.7281 0.6040
s 0313 0.7123 0.5424
.0289 0.7632 0.6385
L0312 0.7573 0.6126
.02817 0.7300 0.6126
.0263 0.7101 0.5954

of gravity ( %)

max min

57.53 52.25
58.08 52.97
58.88 53.96
60.90 55.176
48.01 41. 54
47.06 41.08
47.88 41..29
49.12 42.03
47.23 42.16
45.55 39.89
42.89 35.148
47.04 41.68
45.59 39.84
45.31 39.67
44,16 38.017
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Table 6. Means and standard deviations of segment
parameters such as length, volume, mass, percentage
of body mass, and location of center of gravity.

Length (cm)

mean sd. max min
head 14.01 1.63 15.60 6.90
neck 16.44 1.68 225 13.4
trunk 50.71 1.85 54.50 47.60
upper arm 29.00 1.86 32.00 21.50
forearm 20.88 1.60 2540 18.00
hand 8.582 0.562 9800 7.500
thigh 3519 1.80 39.70 31.60
leg 3571 1.94 40.10 3190
foot 6.041 0.518 7.000 5.000
Volume ( ¢c)
head 2127. 273. 249¢. 1054.
neck 1221. 203. 1765. 843.
trunk 18455 2691 26387 15327
upper arm 1308. 263. 2020. 779.
forearm 584.2 126.9 1731 443.1
hand 167.5 327 246.3 1104
thigh 5458, 771, 72917. 4172.
leg 2511. L 3539. 1986.
Mass(g)
head 2360. 285. 2746. 1241,
neck 1271. 211. 1837. 877.
trunk 25567 3869 38574 20286
upper arm 1375. 273, 2116. 824,
forearm 616.3 132.1 2291 469.3
hand 178.9 344 261.6 118.9
thigh 5719. 803. 7635, 4380.
leg 2649. 356. 3720. 2101.
foot 5924 734 712.2 4379
Persentage of whole hody mass
head 0.04659 0.003696 0.06414 0.02332
neck 0.02481 0.000918 0.03453 0.01779
trunk 0.4959 0.00466 0.5586 0.4488
upper arm 0.02655 0.001922 0.03332 0.01787
forearm 0.01199 0.007934 0.02211 0.00970
hand 0.003531 0.0065866 0.005232 0.001810
thigh 0.1111 0.00197 0.1261 0.1003
leg 0.05153 0.001808 0.05770 0.04073
foot 0.01163 0.002107 0.01519 0.00759
Location of center of gravily( cm)
head 8.754 1.020 9.750 4.313
neck 8.219 0.841 1.250 6.700
trunk 2563 1.09 27.88 23.41
upper arm 13.51 091 14,93 10.08
forearm 9.033 0.689 1.029 7.822
hand 4.291 0.281 4.900 3.750
thigh 15.69 0.87 17.94 13.97
leg 14.87 0.86 16.67 13.30
foot(x) 6.542 0.252 7.063 6.010
foot(y) 1.531 0.131 1.775 1.266
Persent of location of center of gravity
head 0.6250  ---ee- 0.6250 0.6250
neck 05000 e -
trunk 0.5055 0.0111 0.5244 0.4636
upper arm 0.4659 0.0068 0.4782 0.4477
forearm 0.4327 0.0071 0.4489 0.4039
hand 0.5000 e B
thigh 0.4460 0.0056 0.4565 0.4360
leg 0.4165 0.0136 0.4435 0.3929
foot(x) 0.7211 0.0031 0.7140 0.7237
foot(y) 0.2534 0.0002 0.2538 0.2527
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Fig. 7. The relationship between body height and the
height of the center of gravity.
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Fig. 10.Segmental location of center of mass as
a function of segmental length.
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Fig. 11. Segmental location of center of mass as
percentage of segment length.
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Table 7. Segmental mass / body mass ratios and center
of mass locations in Japanese women.

Segment mass/body mass

This Study Matsui
Head 0.047 0.037
Neck 0.025 0.026
Trunk 0.496 0.4817
Upper arm 0.053 0.051
Fore arm 0.024 0.026
Hand 0.007 0.012
Thigh 0.222 0.223
Leg 0.103 0.107
Foot 0.023 0.030
Segment center of gravity

This Study Matsui
Head 0.63 0.63
Neck 0.50 0.50
Trunk 0.51 0.52
Upper arm 0. 47 0.46
Fore arm 0.43 0.42
Hand 0.50 0.50
Thigh 0. 45 0.42
Leg 0.42 0.42
Foot x 0.172 0.50
Foot y 0.25
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