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Fig. 1. The underwater weighing apparatus.
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Table 1. Mean, standard deviation, and range of body composition mesure-
ments and correlation coefficients with body density in 31 college men.
Variable Mean S.D. Range ccgééieclﬁ:;?n
Age (years) 22.6 1.8 19.4 — 25.8 —0.037
Height (cm) 170.9 5.0 161.5 —182.7 0. 150
Weight (kg) 62.77 8.34 46.96 — 89.02 —0.655
Underwater
weight (kg) 2.86 0.50 2.09 — 3.76 0. 368
Residual lung
volume (1) 1.555 0. 368 0.784— 2.524 0.523
Body density (g/ml) 1.073 0.013 1.040— 1.091
Body fat (96)* 11.8 5.14 4.8 — 25.3
Lean body mass (kg) 55.08 5.58 44. 44 — 69.81 —0.292
Skinfold (mm)
Chest 8.1 5.5 2.8 — 26.5 —0.733
Triceps 8.6 4.4 3.8 — 21.8 —0. 862
Subscapula 11.9 4.9 7.0 — 26.1 —0.813
Abdomen 14.0 7.7 4.8 — 41.0 —0.830
Iliac 10.8 7.1 3.9 — 31.8 —-0.791
Thigh 10.4 4.5 4.4 — 21.8 -0.712
Girth (cm)
Biceps flexed 29.8 2.7 24.9 — 36.7 —0.650
Biceps extended 28.4 2.6 24.1 — 35.4 —0.646
Chest 87.9 5.4 78.5 —103.5 —0.721
Buttocks 88.4 5.5 77.6 —105.0 —-0.729
Waist 72.7 5.8 62.0 — 92.5 —0.748
Iliac 77.1 6.5 68.8 — 95.3 —0.770
Thigh 51.6 4.8 43.3 — 63.1 —0.698
Calf 36.1 3.2 26.8 — 42.5 —0.449

* Calculated from the formula of Brozek et al., Fat=(_4.570/Density—4.142) X100

Table 2.

anthropometric data.

Prediction equations of body density from

Multiple correlation coefficient

and standard error of estimate are also indicated

in the parentheses.

(a) Y=1.09510—0.00164 triceps S—0.00059 abdomen S

(Multiple corr. 0.882, SEE 0.0066)

(b) Y=1.10079+0.00145 chest S—0.00195 triceps S

—0.00131 subscapular S—0.00068 iliac S
(Multiple corr. 0.908, SEE 0.0058)

S : skinfold thickness, mm
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Table 3.
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Prediction equations of body density reported by other investigators.

NAGAMINE & Suzuki (1964)
Y =1.0872—0. 00205 iliac S
SLoaN (1967)

Y =1.1043—0. 001327 thigh S—0.001310 subscapular S

MICHAEL & Katcu (1968)
(1D Y=1.10398—0.001591 X, (iliac S)

(2) Y=1.10994—0. 001844 X,--0.000871 X, (chest S)
(3 Y =1.08697+0.000472 X;—0.001698 X.—0.001123 X, (thigh &)
(4 Y=1.12012—0.000421 X,+0.000503 X,—0.001601 X;—0.000964 X: (buttock G)

WILMORE & BEHNKE (1969)

Y =1.08543—0.0086 abdomen S—0.00040 thigh S

SaTo (1975)

Y =1.09482—0.00119 abdomen S—0.00085 thigh S

S : skinfold thickness, mm G : girth, cm
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Table 4. Differences and correlations between determined and estimated body
density.

Investigator ﬁtgaefrél_ic]:)‘ f\\/_[rei;;lmse.tiDc. S:erfrﬁecl{aetri?n
NAGAMINE & Suzuki (1964) —0.72 0.84 0.93 0. 60 0.791
Sroan (1967) 0.19 0. 66 0.53 0.43 0.834
MicHAEL & KaTcH (1968) (1) 1.31  0.75 .31 0.75 0.791

@ 0.95 1.00 1.13  0.78 0.796
3 —4.89 0.82 4.89 0.82 0.716
4 —11.28 0.81 11.28 0.81 0. 747
WILMORE & BEHNKE (1969) —-0.28 0.70 0.61 0. 44 0. 859
SaTo (1975) —0.33 0.61 0.51 0.46 0. 865
Present study (a) —0.05 0.56 0.43 0.35 0.882
() 0.03 0.50 0. 37 0.33 0.908
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Prediction Equations of Body Density in Japanese Young Men

Yuji TAkasakI?, Akio KAMATAKI®, and Masahiro YAMASAKIP

1) Department of Ergonomics, Kyushu Institute for Design Research.

2) Department of Administration Engineering, Fukuoka Institute of
Technology.

This study was attempted to make new equations for predicting body density of Japanese
young men from skinfold and/or girth measurements. The subjects were 31 healthy young
men aged from 19 to 25 years old. Body density and some anthropometric parameters, such as body
weight, height, skinfold thickness and girth, were determined. The body density was estimat-
ed by underwater weighing method. Subjects were immersed underwater in the squat position
and instructed to breathe out as completely as possible. Then underwater weight was
measured with use of load cells. The residual lung volume was measured outside the water
tank by neon dilution technique in the same position as underwater weighing. The mean
body density of young men was 1.073 g/ml and located at the middle level of the other data
for various populations. Two prediction equations of body density with a high degree of ac-
curacy were obtained from the stepwise multiple regression analysis. One equation used
triceps and abdominal skinfolds and the other consisted of chest, triceps, subscapular and
iliac skinfolds as predictor variables (cf. Table 2). On the basis of present data, differences
between the actual and predicted values from various prediction equations obtained by
the authors and other investigators (cf. Tables 3, 4) were compared to evaluate the validity

of the equations.



