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Abstract

We construct a new formula for body surface area based on geo-

metric means. This we show, by means of Bland-Altman analysis and use

of the Kolmogorov-Smirnov and Anderson-Darling tests, to be statistically

equivalent to the arithmetic average of existing formulas. The result, the

geometric mean formula (GMF) is the expression BSA = 0.00878108*W^

0.434972*H^ 0.67844. We show also that body surfaces areas predicted by

the GMF obey a lognormal distribution.
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Introduction

Human body surface area is of great

medical importance in a variety of clinical

contexts. [1–4] especially when therapeutic

agents are administered in doses that are

surface-area dependent. Likewise, body

temperature-regulation [5–7] depends on

the physical processes of heat conduction,

convection, radiation, and evaporation

(sweating), all of which are surface-area de-

pendent. As heat transfer across the skin is

an energy-transfer process, body surface

area also plays a vital role in weight regula-

tion

Heat tolerance is a long-standing issue

and recently has been discussed in relation

to body surface area-to-mass ratio [8].  Pro-

longed physical activity generates higher

core temperatures, which are surface-area

dependent and, in some cases, require rapid

treatment [9].  This rise in core temperature

upon prolonged physical exertion occurs

even in outer space. [10–11].

Using the appropriate expression for

body surface area is key in any setting, but

especially so in environments that are at the

extreme in terms of temperatures or, in-

deed, of physical exertion, or when admin-

istering drugs whose dosages are

area-dependent.

There are many formulas for body sur-

face area, such as those proposed by Du

Bois and Du Bois [12]; Mosteller [13]; Gehan

and George [14], Shuter and Aslani [15], and

Hayock et al. [16]. The most famous of these

are due to Du Bois and Du Bois (one of the

earliest) and that of Mosteller (one of the

simplest, mathematically).  Body surface

area formulas are derived empirically.

Namely, the body surface areas of a number

of subjects are determined by a particular

method (3D body scanning being the latest

technology) and the subjects’ weights and

heights are also recorded. Then, by means

of regression analysis, a best-fit formula is

produced. In the case of Du Bois and Du

Bois, the resulting expression is:

BSA = 0.007184 * W^0.425 * H^0.725

Here, BSA is the body surface area in meters,

the height H is measured in centimeters and W

the weight measured in kilograms. For

Mosteller, it is:

BSA = (1/60) * W^0.5 * H^0.5

There is a bigger issue. There are large

numbers of alternate empirical formulas, 20 of

which are shown in Table One, in chronologi-

cal order [17–34]. With so many choices, which

should physicians and medical researchers use?

Some researchers raise the alarm, showing the

significant variation in the predictions of vari-

ous formulas [35]. Others suggest that it does

not particularly matter which one you use. [36]

Part of the issue is that there is no theoretical

formula established for body surface area with

which to compare experimentally determined

results [37]. 

In this article, we construct a formula for

body surface area using the geometric mean.

This formula we compare to the arithmetic

mean for a group of 4,082 individuals, and

show that, statistically speaking, each average

is equally good. The geometric mean formula

can easily be updated to accommodate new re-

search. 

Method

Each of the currently existing body-area

formulas is a case in point. Namely, a sample of

people was taken from the general population,

and hence each of the formulas reflects the sam-

ple that was chosen. Here we combine them to

generate a “best” formula for body surface

area.

To do so, consider a set of N surface area for-

mulas:

BSA(1) = k(1) * W^a(1) * H^b(1) 
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BSA(2) = k(2) * W^a(2) * H^b(2)�BSA(N) =

k(N)  * W^a(N) * H^b(N) 

Multiply these N formulas together to obtain:

BSA(1)*BSA(2)*…BSA(N) = k(1)*k(2)*…k(N)

* W^[a(1)+a(2)+…a(N)] * H^[b(1) + b(2) +

…b(N)] 

Raise both sides to the power I/N. This gives:

[ BSA (1 ) *BSA (2 ) *…BSA(N) ] ^ ( 1 /N ) =

[ k ( 1 ) * k ( 2 ) * … k ( N ) ] ^ ( 1 / N ) *

W^[a(1)+a(2)+…a(N)]/N * H^[b(1) + b(2) +

…b(N)]/N 

However, if we take N numbers, multiply

them together, and take the Nth root of the

product, this is—by definition—the geometric

mean, or the geometric average. Likewise,

adding N numbers together and diving by N

is the arithmetic mean or the arithmetic aver-

age. 

This implies that if the geometric mean of the

areas predicted by the 22 surface area formu-

las is a reliable estimator for the actual body

surface area, then we can use the geometric

mean formula (GMF), namely:

BSA = k * M^a * H^b

Here k is the geometric mean of k(1),

k(2)…k(N); a is the arithmetic mean of the

mass exponents  a(1), a(2),… a(N)and b is the

arithmetic mean of the height exponents b(1),

b(2)…b(N).

The GMF assumes that the geometrical

mean of the individual body surface areas is

a reliable estimator for the actual body sur-

face area. To test this hypothesis, we used the

data from the ANSUR II survey of U.S. mili-

tary personnel [38].. These report the heights

and weights of 4,082 men. For each subject,

we computed the body surface area pre-

dicted by each of the 20 formulas. These we

added to form the arithmetical mean for each

subject based on all these formulas. We then

computed the geometrical average, by means of

the GMF. Thus we have two sets of data for

4,082 men, which we seek to compare. 

To do so, we used three nonparametric tests.

Nonparametric tests are perhaps more appro-

priate as we do not wish to assume an underly-

ing statistical distribution for surface area. First,

we used Bland-Altman analysis [39]. This

showed that the difference between the arith-

metic mean and the geometric mean, BSA(arith)

– BSA(geometric) had an arithmetic mean of

0.001572465193 m
2
, so that areas predicted by

the arithmetic mean of the various surface area

formulas are, on average, about 16 cm
2
more

than the areas predicted by the GMF. The stan-

dard deviation was σ = 0.0002083404545. Of the

4,082 subjects, 0 were below, and 224 were

above the usual 95% confidence limits, namely,

1.96σ above or below the arithmetic mean. These

outliers, then, constitute less than 5.5% of all

subjects in the survey.

Next, we used the two-sample Kol-

mogorov-Smirnov test [40], by computing the

empirical cumulative distribution functions for

A(arith) and A(mean). The KS test statistic, D =

0.04294 was significantly below the critical value

for a sample of this size, At a level of significance

α <=0.001, and thus with a high degree of confi-

dence, we believe that the two samples are from

the same distribution. 

Last, we used the most powerful non-para-

metric test in this context, the Anderson-Darling

statistic [41]. Again, as AD = 0.101, with a confi-

dence level α <0.01, we have no reason to believe

the distributions of surface area for the geomet-

rical average formula and those of the arith-

metically averaged formula are different. From

this we conclude that each approach is equally

valid, and as the geometrical average is easy to

compute, we can use that as a good measure for

human body surface area.

Results and discussion

There are at least 20 body surface area for-
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mulas that have been determined empiri-

cally and which fit the exponent pattern.

These are shown in Table One, for weight

measured in kilograms and height in cen-

timeters. (Mosteller’s formula is excluded, as

it was reported as being a simplification of

Gehan and George’s empirical formula.

Mosteller reported his equation is a good fit,

within 2%, but “is poorest in short, obese,

adults.” Likewise the formula of Yo, Lo, and

Chiou as excluded as it assumed the same

exponents as Mosteller, and used data only

to obtain a best estimate for the multiplica-

tive constant, k.)

As the GMF has been shown to be a

good estimator for human body area, we

computed the geometric mean of the indi-

vidual constants k(1), k(2)…k(20) for the ex-

pressions in Table One, and also formed the

arithmetic means of the exponents a(1),

a(2)…a(N) and b(1), b(2)…b(N). This re-

sulted in the GMF:

BSA = 0.00878108*W^ 0.434972*H^ 0.67844

This is close to the simple, mathematically

pleasing, and easy to remember expression, 

BSA = 0.0088* W^(4/9) H^(2/3). 

Whose exponents for weight and height

are 2.18% above, and 1.74% below, the GMF

values respectively. The constant in this sim-

pler formula is 0.22% above the GMF value.

This has the property associated with con-

stant-density models of body surface area, in

that it is then has the correct dimensional de-

pendence on W and H, as its two exponents

obey 3a + b = 2.

Note that the exponents of the GMF are ex-

tremely close to those obtained by Shuter

and Aslani:

BSA = 0.00949 W^0.441 H^0.665.

with exponents 1.39% below and 1.98%

below the GMF values. (The exponents for

Fujimoto and Watanabe’s formula are also close,

but slightly worse, than Shuter and Aslani.) The

constant is 8.08% above the GMF value.

As Table One shows, as more formulas were

added to the medical literature, so the geometric

mean for k, and the arithmetic means of a and b,

change. The belief, then, is that as time passes

and more formulas are derived based on more

samples, the GMF will be robust and approach

the “true” but unknown equation for the body

surface area. The change in a from Dubois and

Dubois’ formula of 1916 (0.425) to the current

value of 0.434972 is less than 2.35%; the change

in a from Gehan and George in 1970 until now is

a mere 1.84%. The change in b is more marked,

6.42% since 1916. However, from 1970 new data

have affected the value of b far less, a drop of less

than 3.85%. The change in k has been striking,

increasing by over 22.2% of the 1916 value.

Again, since 1970, the value has changed by

9.2%. The weight dependence is therefore fairly

settled, and the exponent of height dependence

is stabilizing. That said, since the advent of 3D

scanning technology, the values of a average to

0.41538, b to 0.73496, and k to 0.006957. These

are, quite remarkably, close to the values given

by Du Bois and Du Bois.

The new surface area formula has some im-

portant features. First, it is easily to update. That

is to say, whenever a new relationship between

BSA, height, and weight is reported, this geo-

metrical average formula can incorporate it im-

mediately. Next, we would expect the numbers

eventually to become almost constant as new

formulas are added, so that we will have honed

in on the “true” relationship between the triad

of BSA, weight, and height. Last, it is a “safe”

formula. Namely, as it is an average, it will

never yield the highest, nor the lowest, estimate

of body surface area, compared to any other for-

mula. This can be vitally important when ad-

ministering a drug whose dose is determined by

body surface area, for which one does not wish

the peak to be toxic or the trough not to be ther-

apeutic.
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There is evidence that both weight and

height obey (correlated) lognormal distribu-

tions. This suggests that BSA should follow a

lognormal distribution as well. As a conse-

quence, we tested the natural logarithm of

the BSA areas as predicted by the GMF for

the 4,082 subjects in the survey. At a level of

significance α = 0.01. BSA (as given by the

GMF) obeys a lognormal distribution, as pre-

dicted by a Shapiro-Wilks test, with W =

0.999388. The mean was 0.706184, corre-

sponding to a mean surface area of 2.026244

m
2
, and almost exactly coinciding with the

median, 0.7067159387. The sample standard

deviation was 0.0872524. The skewness was -

0.0241070, consistent with an almost sym-

metrical distribution, and the excess kurtosis

was 0.113959, so that the data is mesokurtic,

as is the normal distribution. Given the non-

parametric tests carried out on the GMF and the

arithmetic mean of the existing formulas, the

analysis strongly suggests that body surfaces

areas follow a lognormal distribution.

Conclusions

A new expression for body surface area, the

GMF, has been derived. It is the geometric

mean of the pre-existing formulas. We have

shown it is a reliable estimator of body surface

areas. It is adaptable, and can incorporate any

new body surface area formulas that are pro-

posed. Because of the nature of an average, we

believe that as new empirically determined ex-

pressions for BSA are reported, the improved

GMF that results will ever-more-closely ap-

proximate the actual, and possibly unknowable,

formula for body surface area.

Table 1.  Formulas for BSA showing cumulative averages
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Resumo

Ni konstruas novan formulon por areo de

korpa surfaco (angle, BSA) surbaze de geometriaj

mezumoj. Tion ni montras, per Bland-Altman-

analizo kaj uzo de la testoj de Kolmogorov-Smir-

nov kaj Anderson-Darling, esti statistike

ekvivalenta al la aritmetika mezumo de ekzistan-

taj formuloj. La rezulto (angle, GMF) estas la es-

primo BSA = 0.0108651 W ^ 0.443446 H ^

0.647407. Ni montras ankaŭ, per uzo de la testo

statistika de Shapiro-Wilks, ke BSA-o obeas log-

norman distribuon.
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