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== Abstract=

Prediction of Human Body Volume from Height and Weight'

Key Yong Kim

Départment of Physiology and Physical Culture Research Institute, Seoul
National University College of Medicine, Secul, Korea

Human body volumes were calculated from the measurments of body height and body weight.

Equations suited t0 express the relations of height, weight, and surface area to show the body“

" -volume were derived from the body volume measurements by means of underwater wexghmg '
method. Underwater body weights were corrected for the residual volume of lung obtained by the
Rahn’s three breath method. Underwater weighing was performed on 173 male subjects aged
between 13 and 51 years. Subjects were divided into 4 age groups, namely, 13-16 years group of
-7 subjects, 16-19 years group of 46 sujects, adult group aged between 22 and 28 years comprising
45 subjects, and middle-aged group (40-51 years) of 35 subjects. The group division was made on
the basis of physical growth and development. The following results were obtained.

1. Body height (H, cmi), body weight (W, kg), body surface area (S, m?), and body volume (V,
liter) interrelated closely. V/S showed a high correlation ‘with W/H and the coeff1c1ent of corr
-elation was r=0. 97 irrespective of age group differences of the subjects. ’

The coefficients of correlation between V/S and W/H in the total male subjects as a single group.
was r=, 983. Subsequently the following regression equation was obtained. ‘

V =S X (548 W/H + 14.08)

The agreement of body volume values obtained by the calculation and underwater weighing in
the total subject group was better than that of the separate age group division.

2. The calculated values of body volume were: 40.4 ! (euigqvalent to the body density value
-of 1.0562 kg/1) in 13-16 years group; 52. 0! (equivalent to density value of 1.0723 kg/l) in 16-19
-years group; 55. 3! (equivalent to density value of 1. 0570 kg/f) in the adult group;l and 54.01
(equivalent to density value of 1.0747 kg/!) in the middle-age group. The mean deviation of
calculated from the measured volume value ranged between =-0.55 and 0. 81 liters.

3. The correlation between V/S and mean skinfold thickness of 4 sites (arm, back, iliac and
chest) was high, namely, the coefficient of correlation was r=0, 656. The coefficients of correlation

between V/S and the Rohrer index ranged between r==0. 668 and r=0. 810 affected by the difference
in group age of the subjects. '
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The body velume (V) alone correlated poorly than V/S with mean skinfold thickness (r=0.606)
and the Rohrer index (r ranged between 0. 274 and 0. 588).
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Table 1. Body volume and other physical characteristics of men, Mean+S.D.

MiddégySSChOOI High school boys Adults Mid‘illinaged
N=48 N=46 N=45 N=35
Age, yr 13~16 16~19 20~28 40~51
Height, cm 154. 747. 57 164, 435, 56 167. 0+3. 82 165, 445. 38
Range 140, 3~172. 7 150. 5-175. 3 159, 0~176. 0 153.0~178. 0
Weight, kg 43.047.05 55, 4-+6. 21 58.8+4. 63 57. 4+6.17
Range 33.5~61.0 39.0~68. 3 50. 0~68. 5 47.5~74.1
Body S.A., m? 1. 41--0. 142 1. 6040, 111 1. 65--0. 090 1. 640, 101
Range 1. 11~1. 64 1.29~1. 83 1. 49~1. 84 1. 49~1. 84
Body volume, 1 40.4-+5. 14 51.8-6.23 55.64-4. 94 53. 5+6. 25
Range 28.9~57.7 36.0~64. 3 47. 6~66. 8 44.0~67.5
Body density 1. 056240, 0082 | 1.072320.00880 | 1.057020.0053 | 1.074740.0132
Range 1.0393~1. 0791 | 1.0441~1.0909 1. 072~1. 041 1. 0491~1. 0935
Body fat, % 15.9+2. 95 10. 443. 25 15.7:£2, 22 10.5-+4. 83
Range 0 10.2~22.1 6.2~21.0 10. 7~20. 2 3.0~20. 2
Skinfold thickness, mm
Back 6. 322, 841 8. 3642, 892 9.2+1.73 10, 44-4. 02
Arm 7.12%1. 888 6.87+2. 198 6.8+1.9 . 4.85+1.97
Waist 5. 8921, 608 8. 8942 892 8.8+2. .95 7.7245.10
Abdomen 4.8741. 140 7.19+2. 010 81422 7.62:-3. 92
Mean 6.0241. 194 7. 892, 095 8.3+1.79 7.5943. 47
Range 4.02~8.80 5. 08~15. 35 5.6~11.9 3.5~17.3
Volume/S. A. 29. 442, 065 32.3+1. 88 33.6+1.38.- 32.842.02
Range 25. 90~35. 18 27.9~36. 5 30. 64~36. 3 29. 53~37. 71
‘Weight/Height 0. 2770, 0366 0. 3360. 0333 0. 35240, 0249 0. 347-+0. 0326
Range 0. 221~0. 378 0. 259~0. 405 0. 302~0. 402 0. 291~0, 428
B. Volume, calculated .
Group formula 40. 616. 92 51, 86. 22 55. 9+4, 73 53. 66, 22
Range 29.3~57. 4 36. 2~64.6 47.0~686. 9 43.9~70.9
Male formula 40, 4-+6.83 52. 0-£6. 31 55. 3+4. 79 54. 0%5. 99
Range 29. 0~56. 9 36. 4~64. 7 46. 4~64. 6 44.5~70. 4
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Fig. 1. Correlation between V/S and W/H in male. The line is represented by the eguation V/S=
54.84 W/H + 14.04, r=0. 983

Table 2. Correlation between W/H(x) and V/S(y)»

. . Correl.
vsst Age N Regression equation coet.
13-16 47 y=>55.25x+14. 07 . 978
*r 16-19 46| y=55.07x+13 82 .974
22-28 45 y=>b54. 07 x+14. 56 . 975
40-51 35 y=60. 61 x-+11. 80 .977
—o I13-16yr
sof e 13-51 173 |  y=54.84x+14.04 .983
—x 40-51yr
o—Q Total range
26 54.072 & JElgizh olEl sl &4 9 449 A
1 . 1 1 L
025 0.30 035 040 A AoleE ol FEY 03 molglewl ATE
W/ H
o ol & 2.xt8 =7 E wlwEge
Fig. 2. Correlation between V/S and W/H in various AR SA9 Az AR & (V/S)L Ha o

age groups. Lines of middle school boys (13 BEA 5 (A 3%) 2 Rohrer A5(A 4 )Y xE 1
-16 years), high school boys (16-19 years), 59 43 AAE ngdoh SEEA Sk AR &
and adult (22-28 years) have almost the
same constants. Line of middle aged men Ay e dHoz vdehile 2024 o] A5 AAUE
(40-51 years) has a steeper gradient. ko] & A3l Al -0.7~-0.8 o] B (LA, BE

&, 1968), s H-FHe] zttE 4 T SRSl
sy ety d 8 slElvle Aol 4 X3 IAE
% AE A o] AALAr}. 28V FF 353 FAS
= Az 84 Aol Ax @A (A 5B 13-51 419

o2 55.32F btk volsl 40-51418 FW
29 AlA 84 A5} 53.5 01 wd A=
WodRl FHeer 5367 RAA ¥R FHeo=
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Table & Correlation ketween mean skinfold (x) Table 6. Correlation between Rohrer index (x). -
and V/S (y) and body volume (y)

Age N Rgegression euation S:erfreL Age N Régressic;n equation g?f’:el‘
13-16 47 y=0. 97 x-23. 56 . 561 13-16 47 y=.23x+13.14 ) . 274
16-19 . 46 y=0.60x+27, 62 . 662 16-19 46 y=.34x+ 98.21 . 580
22-28 45 y=0. 32 x+31. 03 . 395 22-28 45 y=:33x+14. 32 . 588
{10—51_ 35 y=0. 61 x+28. 20 . 924 40-51 35 y=.20x+16. 33 .572
13-51 173 |  y=0.69x-+26.8¢ | .656

Table 4. Correlaton between Rohrer index (x)

and V/S (¥
Age N Regression equation Soi?‘ea'
13-16 47 | y=.12x+15.69 . 668
16-19 46 y=.14x+14, 84 . 810
22-28 45 y=.13x+17. 59 .781
40-51 35 y=.13x+16. 30 . 786

Table 5. Correlation between mean skinfold (x)
and body volume (v)

Age N Regression equation g;rfx:el.
13-16 47 y=2.59x+424, 82 . 590
16-19 46 y=1.44 x+40. 40 . 482
22-28 45 y=0. 80 x+49, 22 . 292
40-51 35 y=1.39x+42. 90 .775
13-51° 173 y=2.14x+34.29 . 606

2} 17356 eI A] r=0.6060]gick o] FL HFE ¥
FF2A FA2 V/S AFo] 9 Abs Al r=0. 656 15} =}

€ Aolgith % 44 4AsY F4=E GERE)E W
Ebditin =o)X Rohrer At V/S ke o4
A% Tl =l Aol & gleovt 4wl A¢r) 0.668 WA
0.810 #tejoll gle) wlamd mxd A4 F4AE Jehi
2, AR AlA 45 Aele] AREE A 639
ol V/S ulgurt vl

o #

AA 44¢ B4 4Py Al 429 At @
A AAE B4 g3t ALY L wmsbd Al
Bol my vle} go] dalz F AP Q29
A7 AL Fx e YFEHEAE FAYsSE AL o
2 AEA A oF, 2 AQle] FFANA Ink
U oHeod e AREsd, A4 Thol Hukgirl]
gt AP} A7TEE s L4 Q239 T
Qo] g A4S wamskd 2 039 =2AF ue)
£ Aotk o] ®elA AD & R3] pAlgle] ozte)
2718 el & B 24 (mean deviation)Z ey
=, ADat #3538 mA% FF 2xpolch

E A Gz} ARFE FAV=SX(54. 84W/H+14. 04)
2 A4 @xF T (13-16 41D £40] 40.4 L 24

Table 7. Measured and calculated male hody volume
Body volume, liter, Mean3S.D. S.E.E.
Age N AD ADa
Measured Calculated* 1 %
Male

13-16 47 40, 4£5. 14 40, 4+6. 83 +.66) —. 25| 4,69 +1.70
_ 16~19 46 51. 846. 23 52, 0+6. 31 +.654| +.19( +.69| +£1.33

22-28 45 55, 614. 94 55.31:4.79 +.52 | ~.48 | +.69| *+1.24

40-51 35 53.5+6. 25 54. 0£5. 99 +.81 | +.31| +1.05 +1.96

* Male formula: V=S (54. 84 W/H-14. 04)
AD: Mean deviation of calculated from measure
ADa: Algebraic mean deviation.

volume.

S.E.E.: Standard error of estimate (+/ZD?/N-1), D being deviation of calculated from the

measured value.
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