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ABSTRACT 

The body surface area of 18 heaikhy adult Indian subjects 
@as measured by taking part by part line& measurements 
for the whole body with the help of AmBhropometer Beam 
Calipers and applying Du Bois 1%- fo2mrdi& methd~. 
rhe surface area values compLE;ted from Du Bois Height- 
weight formula were compa+red with tkie measured values. 
The average' error in the eighteen cases is 1,bpercent. The 
sqand2t~d deviktlon of the eriors is 1.8 per cent, about 
the mean error of -0.5 per cerrt. The' errors are not statis- 
tically significant. As the original Du Bois formula itself 
is &&e;$i to &we an average error of 1.5 per cent, the 
~ge~leht work confirms that the accurky &fB wh'ieh D@ 
Bois formula predicts body surface, is not. &*I- 
ent for Indians as against Europeans. 

Introduction 
Many important physidogical activities eg., thermal regulation 

of the body, metabolism and heart rate are influenced by the body 
surface. Herice an accurate knowledge of the body surface is very 
essential for such physiological studies. Body sdrface' iS a function 
of both height and weight of the individual. Meeh (1879) who pro- 
posed the formula A=W 1 xC, where A = surface area, W = body 
weight and 6 = a constant, did not take the height factor into ac- 
count. But inclusion of the height factor, as dbserved by Du Bois et 
a1 (1916) 'makes it more nearly applicable to subj&s of the-same 
general shape, but differing somewhat in relative dimensions'. Du 
qois and Du Bois (1915) on the basis of actual measurements of the 
b?)@ surfgce of five persuns of widely varying body size prbrposed 
a" lin'ear formula to measure body surface. Later oh, the same mthms 
(19'16) developed a height-weight formula based on the surface area 
values obtained for ten subjects by actual measurement and thirty 
three .subjects by regional measurements using the linear formula 
method which is described elsewhere in this paper. %is height- 
weight formula, A = W ~ 4 ~ 6  )( H 0 . ~ 2 5  X 71.84, whdm A = surface 
area in sq. cm, W=body weight in kilog~ams and H=height in 
cm, gave an average error of 1.5 per\ cent. irf the measured cases. It  
is interesting to note that Takah.i.Ha f ~ m  Japan (quoted by Otto 
Gfasser; 1947) has slightly modi6ed this formula as A=W 0.427 x Ho.7'8 
x 74.49. 
where A, W and H represent the same variables as ih+ Du Bois 
Formula. Nomograms constructed on the basis of Dubois formula 
are widely used in physiological stddies. 
Object, 

T'he present wprk is intended to assess li6W closely the surface 
area of Indian subjects as measured by a suitable standard method, 
agH?es with thcl'. sX&ee area v d u e  comptfted' fr'om the height and 
weight of the subjects by appkying Du Bois heigKt-wCEght formula. 
If. is to be expected th'at the accuracy with which the Du Bois formula 
predicts the surface area of individuals will not be sensibly different 
fw Indians as -a$ahsf Etiropeans. The measu~ernents here described 
confirm this expectation. 
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Method 
" a a , ,  , 4 i * i 

" " ' "* m2 $re.l;ious ,waiks yaridu5 methods bqve h e n  aqIq.p$4 ,tp 'mea- 
^'&ur& *bod$ surfade e. g., tin .foil, paper strip, qould, an$ ,$iqear for- 

mula methods. For the purpose of the present work, $he linear 
for'mula~ methodi has been adopted 'for the .following reasons. It is 
'extremely laborious and fime rdansuming to carry out the actual 
measureme~t of body surface by the, other methods. On the other 
hand the accuracy of the simpler linear formula method has been 
found by Sawyer et a1 (1916) to be practically the sdrne as that of' 
the mould method. Further, the accuracy of this method is not 
likely to be affected by racial factors as appears from the work of 

, Kaare Rodahl (1952) who also adopted this method as the standard 
method for measuring the surface area of 53 Bkimo subjects who 
are racially quite different from Europeans. 

In the, pw$eqt investigation weasurements were made on eigh- 
teen healthy Indian male subjects. The following types of body 
build were available. 

(i) Tall and flabby - . 3  ' i t  d; . ,  - b  

(ii) Tall, well h i l t  and  muscular -2 
(iii) Tall and lean I ,  - 2 
(iv) Short and flabby . - 2  
(v) Short and lean - 2 
(vi) Average body build a - 7  ' . . 

The height of the subjects.varied from 5' to 5' 11p and the ,weight 
from 90 pounds to 158 pounds.. - ,  

I 

, In the Du Bok linear formula method the follbwihg .measwe- 
menis, were made with the help of Anthropometer' BeamJCalipers 
and a measuring tape. The values for each region wete multipli.ed 
;by suitable factors as <given hereunder. : 

r 8 f ,  

Head : b 

AB x '0.308 

A = Around vertex and point of chin . 
B = Coronal circumfert5nee around occiput and' forebead 

just above eyebrows. 

Arms : i 

F(G + H +'I) x 0.611 ' . 
F = Tip of acromial process to lover border of ,ra&hs 

measured with forearm extended. 

G = Circumference at level of ugper border of aaxilla. 

H =Largest circlnmference of forearm (Just below 
elbow). 

1 = Smallest circumference o$ forearm '(just above head 
of ulna). 
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Hands : ..' 

JK x 2.22 , . I ,  

J = Lotver posterior border bf ~adius  t s  tip cjf '&ova 
Anger. 

i 
K Circumference of open haqd- 'at the meta-car$-. 

' phalangeal joints. c r a  - 
4 

Trunk : a 

(Including neck and external genitals in: the. male: bre&&: 
L a /  in female) 

f ,  ' 
' ' L(M + N) x 0.703 

L =L Suprasternal inotch to upper border of pubes: 
M = Circumference of abdomen at level of um'bilikus."., ' 

- N:= Circumference of thorax at level o! nipples in the 
* .  male and just above breasts in ifemde:. " 

. . I - .  
Thighs : 

O(P + Q) 0.508 - (1st method)* " - 
0 = Superior border of great - trochanter t o  the lower 

border of .the patella. 
P = Circumference of thigh just"'bdow thk level of- 

periheum. i .  

. ' . Q = Circumference' of hips and buttocks at the level 
I of great trochanter, * :  

or 
, W(P + Q) x 0.552 -(2nd method), ' 

W=Upper botder of pubes to lower border of patella. 
(measured with legs straight and feet pointed 
anteroposteriorly) 

P = as in the 1st method. \ 

Q = as in the 1st method. 
\ 

Legs : , 

RS x 1.40 
R = From sole of foot to lower border of patella. 
S = Circumference at level of lower border of patella. . - 

Feet : 
T(U + V) x 1.04 ' 

T = Length of foot including great toe. 
U = Circumference of foot at base of little toe. 
V = Smallest circumference of ankle (just above 

malleoli.) 
Experimental data and Discussion . 

The values for the body surfaqe obtained from the dflerent' 
sets of regional measurements according to the linear formula, are 
compared with those computed from the height-weight f o b l a e  :,- 
of Du Bois and Takahira and in each case the error or the delation 
from'the measured value, is worked out. The complete data are. 
given in Appendix. Table-1, 



In Table I an arbitrary allowance of one pound in b~,dy ,wight 
i.e., observed body weight minus one pound, has been mabe in order 
to get the basal weight of the subjects, and substituting tKis value 
foc W pnd the vq-t&ggl,lf?e&t af t&e s~bjee t  f w  H in-the Du Bois 
and Takahira formulae the surface area is com.puted in each case. 
The percentage errqr of the cory;l~u%d vq l~es  aver the measured, is 
worked out ,for each subject, and the .valges are tabulated. With 
Du Bois Formula, the average error is 1.5 per cent, the mean error 
is-0.5 per cent and the standard deviation of the errors is 1.8 per-cent. 
With Tak-ahira's focr-qgla. the average error is 1.3 pCrr cent., the 

\ mean error is + a.4 per cent. and the standard deviation of the errors 
is 1.8 per cent. With both the formulae, the ecrsrs on statistical 
analysis are found to be not significantly different from zero even 
at 30 per ~ t .  level, which guggests that the errors are only due to 
random c3mesi 

-Hoyever a n  gttezqpt was made to &mge &he value of the con- 
stant in the aois f~rmula  while rebining the-powers of W and 
H as such so as to have a better fit of the formula in t h e s e t e e n  
cases. The value of the constant works out to be 72.17 instead of 
71.84 in the origiwl rfpmuk. Aceording to Takahira (quoted by 
Pat%wgrdhan, ,1952) the ,value of t b  esastgnt was to be changed to 
172.46 to have a better fit of the f w q u h  *with -*e data obtained for 
his subjeqts. ,He has stated tb.at $he value of tbe cmstant increases 
with diecreasing height of the subjects. Our value seems to confirm 
this, as it falls between the values for the Ja~anesg and the 
Eusweap-ss (72.46 and 71.84), a ~ d  the height of thp Indians is inter- 
mediate between those of the Japanese and the Europeans. But it - 
is not necessary to introduce these corrections as the errors inv~blved 
in the t w o % q ~ e ~ j  are only 0.85 per qmt. (Jgqanede) and 0.45 percent 
(Indians) both being far belaw the aueaage errqr (1.5 per cent.) 
at.fr\byted to ,the formpla by f)p Bois h i~se l f .  

In applying the carrection for the body weight, arbitrarily one 
pound has been deducted. The ~ ~ q i m u r n  emor that is Ipossible in 
such a treatment is .jc 0.5 pound. The bo y weights of the subjects 
vary from 90 pounds to 158 pounds. In t t e two extreme cases, the 
above error in weight correction will introduce in the final -ud_lue of 
surface area only errors of 0.2 per cent. and 0.1 per cent. respectively 
which are not af ~raqtical signifipnce. 

C(!wIwion 
For 18 Indian subjects of different body build, Du BQ~S -bight- 

weight formula gives values for body surfgoe with an average error 
of only 1.5 per cent. when compgred with the values obtained by 
actual measurement on the basis of the linear formula method, which 
was earlier proved to be quite accurate for European subjects and 
later on accepted -4s ap~ljcable -to .even ~e Eskimas who differ in 
body build from the Europeans. This error d 1.5 per cent. is  not 
significant, as the average error mentipned fgr .the Qg Bgi@ .bxmula 
itself is 1.5 per cent. Hence for all practical puTposes Du Bpis 
h%ight-wqigkt ,fqrm~la ~qgm be made 7use af to compute the .body 
su.@we -Q$ Xpdiap ~ ~ b j e c t s  also. - 
A@lulo~gexgmt 
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Average error . . 1.486% 

Mean error . . -4-458'1, 

S. D. of m r a  . 1.774% 

&;- ,. 
id 
num- 
ber 
of 

sub--. 
jects 

- 
1 ." 
2 

3 . ,  

4 

5 

6 

7 

8 

9 

Average error . . 1.528% 

Mean error +0.431% 

S. D. of errors . . 1.825% 

- 
P e m c  - 
tage 
error 

I 

4 - 3 0  

+2.32 

-1.37 

- 4 . 0 5  

-1.69 

+2.35 

+1.37 

4 . 3 3  

+1.20 

+3.11 

+%el8 

+la29 

-0.06 

+2.50 

+0.43 

4 - 6 5  

-1.42 

+O-38 

17.63% 

Prrqr or,: 
,ealc+t, 

ed value 
oaeq the 
measured 
.(sq..m) . 

' ! 

I V ,  : - . - - * . ~ ~ , .  
_, 

4 . 0 1 7 7  
'!, 

f0.0280 - 

--r).0;138:r-Z.32 

10.ogi4'?'+.78 

4 . 0 5 1 5  

+0.0272 

$0.0053 

-0.0172'-1.10 

+0.0073 

; E m r  $8 
;C@ddat- 

ed balue 
:over the?". 
measurbd 
, {sq. m$. 

: 

I .  

+ . 0 0 4 ~  
' i t  

+0.0410 

,.i-O.025$ 

$ 0 7 7 4  

-0.0325 

+0.0422 

+O-0223 

4 . 0 0 5 2  

+0.0203 

Pprcen- 
tage 

etror 
2 

" 

i - 
I 

-lr.23 
* , i ,  

frl .59 

. . 

-2.67 

$1.84 

+0.33 

$0.43 

Surface " 
area 

measulc 
ed by, 
linear 

hppula. 
. method 
(sq. m) 

1.4367 

I.7050 

1-8&#'. 

1.9104 

1.9255 

1.4788 

1-6267 

1.5642 

1.6927 

Height . - 
cms. 

. - ' I  

' ,' ' , - 
l63.q 

. . 
172.7 

1 1 2 . 0  

177.1 

163.9 

166.3 

166.2 

168.0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1S+ce g 
*. erea , 
c'aloula- 
ted bp, 
Takahi- 
.ra'r 

formula 
Isq. m)' 

3 ,  

1.432 

li806;: 

1.859 

'i.833 

1.893. 

1.521 

1.649 

1.559 

1.713 

Smface 
area ; 

calcul- 
a%d by 
Du Bois 
formula . (sq. m) 

. l  

' 
, 1.419 

1-793 . 

1:1~*8423 

' 1.814 

1.874 

1.506 

1.632. 

1.547 

1.700 

C-c- 
t id  

weight 
( 1  

lbs). 
in  kgme 

' , , ' 
- 

.42.J86, 
_I ' 

66.686 

174-Q~:68.&66' 

69.396 

71.226 

48.536 

67.156 

60.356 

61.436 

errors : 

Sum of Negative 17.49% 
errors : 

eqors : 

Sum of Negative 947% 
errors : 

1.5663 

1.8502 

172-5 

165.7 

171.2 

152.9 

178.4 

160.7 

181.9 

160.0 

165.2 

1.603 

1.569 

51.286 

52.626 

70.766 

43.276 

69.836 

40.490 

62.016 

60.946 

51.596 

+0.0487 

$0.0338 

+0.0235 

4 . 0 0 0 8  

+0.0431 : 

+0:0060 

-0.0120 

4 . 0 2 2 0  

+0.0060 

Positive 

1.616 

1.584 

+0.0367 

1.841 

1.376 

1.766 

1.388 

1.822 

1.523 

1.568 

Sum of 

1.8175 

1.3768 

1.7229 

1.3820 

1.8340 

is6460 

1.5620 

+2.34 

$0.0188 

$0.52 
\ 

-1.00 

$0.99 

-0.51 

-1.42 

-2.14 

-0.32 

+1.21 

1.827 

Sum of Positive 9.26% 

$0.0095 

1.363 

1.740 

1.375 

1.808 

1.518 

1.557 

4 . 0 1 3 8  

$0-0171 

4 . 0 0 7 0  

9 . 0 2 6 0  

4 . 0 3 3 0  

-0.0050 




