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PROPORTION OF BODY DIMENSIONS IN ADULT.

POPULATION

Mass production of goods in whose parameters
body dimensions of their future consumers have to
be respected is one of typical features in the contem.-
porary society. These consumers are anonymous from
the point of view of the producer; they are elements
of a population for him, whose properties can be
described in a statistical way (Komenda and Kr4-
to8ka 1968, 1974a, 1977; Kursakova et al. 1974).

Mass production is conditioned by determination
of a set of type figures able to represent with an
accuracy high enough the pepulation under conside-
ration. Such a set of type figures is denoted as
antropometrical standard of the population (Kurga-
kova et al. 1974). In the production goods are
designed and constructed just for these type figures
corresponding to the anthropometrical standard.

In determination of an anthropometrical stan-
dard not all body dimensions important from the
standpoint of the goods designer are considered. As
known generally in anthropology, body dimensions
correlate mutually so that knowledge of the values
of some principal body dimensions among those
under consideration gives an opportunity to estimate
with sufficient accuracy the values of remaining
body dimensions (Klementa et al. 1973). Methods
of multiple regression and correlation analysis are
used in it under the assumption that the body
dimensions under consideration have multivariate
normal probability distribution in the population of
future consumers (Kurfakova et al. 1974).

In the conception of “sufficient accuracy’’ there
is very narrow correspondence to the way by means
of which type figures have been determined: provided
that the values of principal body dimensions are

known possible values of the remaining body dimen-
sions are expected with the probability sufficiently
high in an area which can be represented by just
one type figure.

Principles introduced above play an important
part in many branches of modern industry such as
garment-, underwear- and footwear production as
well as that of tool and equipment designing (Damon
et al. 1966; KurSakova et al. 1974; Steigl et
al. 1976).

In the design and construction system depen-
dence of body dimensions taken into account on the
principal body dimensions is expressed sometimes
in the form of the proportion of an inferior body
dimension to the principal one (Fetter et al. 1967;
Martin and Saller 1959). That was the reason
why we decided to study statistical properties of
proportions theoretically (Komenda and Kraito¥ka
1974b; Krétoska et al. 1974).

Main results of our study consist in the possibility
to compute approximately expectation of proportions
and the variance of them in the whole population of
subjects as well as in the subpopulations suitably
delimited in it (Komenda and Klementa 1978).

The results derived theoretically have been
applied in anthropological data obtained by the
research workers in the Garment Research
Institute (VUO) in Prostjov (Head of the
Department: Dipl. techn. (. Razi¢ka) in 1967,
as a part of an extensive research programme.
16 body dimensions have been selected for the
purpose of this communication, as given in the
following list. 1,392 men and 1,373 women were
measured, in the age range from 18 to 60 years.
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~ Numerical calculations have been carried out
In the computer C 8206 in Medical Faculty of
the Palacky Universityin Olomouc. Computation
program has been elaborated by Mrs. A. Tomén-
kovid, data preparation and a part of graphical

documantation were due Mrs. J. Jelinkova.

Authors thank them in this place for their kind
collaboration.

LIST OF BODY DIMENSIONS

. Stature (1)

.. Chest Circumference (16)

.. Neck Circumference (13)
Waist Circumference (18)
Buttock Circumference (19)
Thigh Circumference (21)
Upper Arm Circumference (28)
Body Mass (59)

Waist Height (7)

Knee Height (9)

Height of the 7 th Neck Vertebra (10)
Gluteal Furrow Height (12)
Hip Height*)

Shoulder Breadth (53)

Hip Breadth (56)

Chest Depth (58)

Nk

. N}lmbers in the brackets correspond to those
given in Kur3akova et al. (1974), where also the
definitions of body dimensions can be found.

PROBABILITY DISTRIBUTION
OF PROPORTION IN GENERAL CASE

Let us consider pair of body dimensions (X, W)
under the assumption that conditional probability
distribution of the dimension W providing that
X =2 is fi(w/z) which can be with a sufficient
approximation taken as normal. This pair (X, W)
will be considered asymmetrically in the following
sense: dimension W is taken as inferior one while X
is taken as principal dimension. By this it may be
expressed that the knowledge of the value of the
dimension X is to be used in estimation of the value
of the dimension W.

We may ask now which percentage of X is W
and if this percentage is depending on the value
of X. Especially, this percentage is to be détermined
in certain subpopulations of the dimension X suitably
chosen. Provided that X and W are considered as
random variables, the percentage is random variable,
too, and statistical properties of it can be studied:
its probability distribution or at least its expectation
and variance. As a special case of this problem

*) Vertical distance from floor to the horizontal plane in
which buttock. circumference is measured.
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FIG. 1.
Theoretical frequency distribution of the basic body dimension.
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FIG. 2.

Mean proportion E(P [ z) or E(P | y;) and the range of va-

riation + VD(P/a:‘) or + VD(P/y,), as a function of the
basic body dimension X or Y.
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proportion of body dimension W to the dimension X
in the whole population of adult subjects can be
studied (Bunak 1941; Fieller 1932; Fisz 1958;
Gnedenko 1976; Kendall and Stuart 1962).

Proportion of body dimension W to the principal
body dimension X (in the hypothetical subpopulation
X = ) is defined as follows

P =100 (%). )

As far as the value z is considered as constant,
probability density g(p) of the random variable 4
is easy to derive. It holds namely

g9(p | z) dp = fi(w [ z) dw (2)
where
w = w(p) =—1%%
or
oo | 2) = fiw | ©) 15 (20)

where it is necessary to substitute from the foregoing
expression for w.

In reality, no non-empty subpopulation can be
delimited by the condition X = , if there is not an
interval of z - values considered by it. Hence, the
subpopulations are defined in such a way so that
each of them includes all subjects from the population
under consideration whose values of the dimension X
are in the interval z; determined by the inequalities

x—Ax < X <2+ 4Ax (3)
(4 = 1, 2,.‘..,q)

By the symbols z; intervals of the dimension X
of the form (3) are denoted and simultaneously
subpopulations of subjects belonging into -these
intervals. The constant Ay is chosen so that the
interval is suitable for the purpose the proportions
are appointed. In our case where stature X and
chest circumference (the symbol ¥ is used for it)
are principal body dimensions, subpopulations (3)
were established by the choice Ay = 30 mm and
Ay = 20 mm. ‘

In the subpopulation z; probability distribution
of the proportion P is given by the probability
density

o+ Ax

00| -5
z.

x px
100 f‘(mo)f(”)dx ®)
— 4y
where’ ,
@+ Ay
P(x;) = flz) dz
2w —A4x
is the probability of occurrence of subjects with
their z-values of X belonging into the interval z;,
in the considered population.

Provided that the whole population is con-
siderad instead of partial subpopulations (4) becomes

o) = [ 55 () fr = @
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By this probability distribution of the propor-
tion P in the whole population of subjects under
consideration is given.

Thus it is obvious that probability distribution
of the proportion P which expresses the ratio of
body dimension W to the principal dimension X can
be derived by means of the probability distribution
f(z) of X and of the conditional probability distribu-
tion f(w|z) of W provided that X = x is given.
Knowledge of these initial distributions is necessary
if the probability distribution of the proportion P
should be derived, in the whole population as well
as in the subpopulations ¢ suitably chosen.

APPROXIMATE DERIVATION OF
EXPECTATIONS AND VARIANCES
OF THE PROPORTION P IN THE
PARTIAL SUBPOPULATIONS Xi AND
IN THE WHOLE POPULATION

. Let us suppose conditional probability distri-
bution of body dimension W in the subpopulation
X =z to be normal with the probability density

— 1 1 (W—/;W.z)z
e J2row x exp{-__ ow.x }
(6)

(—o0 <w< )
where

Pw.z = uw + Bw . x(x — puy)
owW.X = oww — owx?loxx
Bw.x = owx|oxx

are conditional expectation of the dimension W
in the subpopulation X = z, residual variance of
the dimension W and regression coefficient of W
on the principal dimension X. All characteristics
which occur in the right-hand side of the last three
formulae are estimable immediately from anthropo-
metrical data.

Provided that z is taken as constant, probability
distribution of the proportion (1) is normal, i.e.
g(p [ z) is Gaussian probability density. Distribution
parameters of it are as follows:

Expectation (mean value)

E(P|z)=[pg(p|x)dp
/100

= T#W.z . (7)

— 100 [ﬂw.x + *—”W—iw’xﬂx]

Variance
D(P [z) = [[p—E(P | )P g(p | z) dp
100 \2 .
= (T) ow.x (8)

As can be seen immediately from (7), expected
proportion of the dimension W to the principal
dimension X is the hyperbolic function of z. Besides
this important part of the regression coe.fﬁcient Bw .x
is obvious: expected proportion equals just 100-mul-
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tiple of the regression coefficient if the expression
pw — Bw.xpx equals zero, i.e. if Bw.x = uwlux.
As it is known from regression analysis this is the
case when the regression line goes through the origin
of the coordinate system. Hence, expected proportion
of the dimcnsion W to the dimension X is constant
in the whole range of z-values just in this case
Bw.x = uw/ux (coefficient of regreseion equals the

ratio uw/ux of the expectation of both body
dimensions followed up). .

In the subpopulation z; probability dlst-rlbufl|_01l
of the proportion P is given by the probability
density

a+dx

oo 20 = s f oo 0 @dz  (9)

x.—A X

and — if the distribution of the dimension X can be

approximated in the subpopulation 2 by the
uniform density — .
S ?éli— (2i—Adx S 2 < 2+ dx)
P(x) x o)
the following is obtained approximately for (9)
o+dy
1
= z) dz (11)
oo [ =) = 57- f g(p | 2)
a—Ady

acouracy of which is sufficient if the values of Ay
are not too high. )

Distribution (9) makes it possiblg to derive
approximative expressions of expectation a.nd' of
variance of the proportion in the subpopula‘mn
2 (1 =1,2,...,q). It holds namely

E(P|x)=[pg(p|2)dp

Substitution of (11) for g(p /i) and inter-
changing of order of integration yields

n+dx
: 1
E(P | ) et I E(P | ) dz
. z‘-—dx

where there is necessary to set from (7) for E(P [ )
Integration yields finally

E(P | ) = :
1 x4 4
= 100 {ﬂw.x + (uw — Bw.xpx) TP In x: —-I:-Ai}
(In = logarithmus, naturalis) (12)

Formula (12) makes it. possible to find expec-
tation E(P | 2;) in the subpopulation 2 by means
of the known coefficient of regression, expectations
of both considered body dimensions X and W and
of the auxiliar function In[(z; + 4 x)/(%i — 4x)).

By means of approximation (10) also the
expression for the expected proportion E(P) in the
whole population can be found. It holds namely

E(P) = [ pg(p) dp

where it is necessary to substitute for g(p) from the
relation

9(p) = [g(p | ) f(z) do

In this manner, interchanging of both integra-
tions yields :
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B(P) = [ pg(p | 2) dp] f(z) d
= [B(P | ) fi2) da

Substitution from (7) for B(P [ %) is carried
out and the range of integration of the variable 2 is
divided exhaustively into g system of disjoint,
intervals z;, { = 1,2,..., ¢; in each of them approxi.
mation (10) is used through which f(z) is replaced
by the uniform division of the probability mags
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zit+dx
P(zs) = ff(x) S

n—Ax

2+dx

This yields "
[ﬁw.x +

100 P(zq)
B(P) = 1= Z &

i=1

_&PL‘:E'_V_-{’K] da
X

x.—dx

+

\ imative expression for
integration approxi . :
:}?deit;::t ;3 pgoportion E(P) is obtained in the form

e

E(P) = 100 {ﬂw.x i

@ — Ax

$ | 4

24x

i=1
(13)
Similarly, approximative expressions for thg
variance of pr’oportion can be derived. It holds
D(P|x)=[[p—E(P[2)Pg(p/|2)dp

After substitution from (11) for g(p | z;) anqd

i i imative expres.
interchange of integrations approximat .
;Itl)rllnfor the gva,ria,nce of the proportion is obtained

step by step
D(P [ z) =

Zi+4x
_ 1 — B(P 2 dp 4-
_Ex_fd {ﬁp E(P|)g(p| ) dp 4
a5 f [E(P |2) — B(P | 2,)12 g(p | ) dp}dx,

Z+dyx

~2z | {Peio+me) g —pe) =0} dz

2¢—A4 x

and after substitution from (7) and (8) for E(P |2
and D(P | z) and from (12) for B(P | %) we obtain

Z+dx

1
D(P | z) Bl J. {(%)zaw.x e

T—ay N

x

1 i+ dx 2
4 "o e
The integration yields

1002 .
D(P B i 24
(P [ a) DY {UW.X & T Ao —— T3 (it oy %

T (w — By xuz) [ 24x

2 %+ Ay \2
~ 5z (i a—dy) + s (i 2t 4 AX)’}}
x
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1
D(p/x‘)z:lOOz{O'WX (It+AX) (xt—AX) +
+ (uw — Bw.xAx) (14)

1 o 1 (ln M)z] }
[ @ + dx) (@i —4x)  @4xP \ w—dx

As can be seen, variance of t‘ihe proportion P
in the subpopulation ; can be derived b.y means of
the known residual variance aw . x of the dimeasion W
provided that X is known, by means of the expec.
tations uw and ux, regression coefficient fw . x and
auxiliar functions In [z; + Adx)/ (¥ — 4x)] and

1/(zi + Ax)(xe — Ax).

Further on, approximative formula fo; the
variance of proportion in the whole population is
derived. This variance as well as the expectatlon' E(P)
introduced in (13) are corresponding to thg statistical
characteristics of the proportion indices being
manipulated generally in anthropometry.

The following holds

D(P) = [[p — E(P)}? g(p) dp
After substitution for g(p) from the relation
g(p) = [9(p [ @) flz) dv
and after interchange of integrations we have
D(P) = [{[[p—E(P|2)Pg(p/2)dp +
+[[E(P | x) — E(P)]? g(p | ) dp} f(z) d=

Range of integration of the variable z is divided
exhaustively into a system of disjoint intervals
(1 =1,2,...,¢q) and the function f(z) is replaced
in each of them according to the approximation (10.)
The following approximative expression is derived
by it

q r+dy
]
DP) = 5 Z P(wi) { D(P | z) dz +
i=1 r—Ax
zi+Ax ’
+ f [B(P | «) — E(P)P2 dx}
—Ax

and after substitution from (7) and (8) for E(P | )
and D(P | z) and from (13) for E(P)

1002 ¢ e
1
DP) = 51 ZP(Q:‘) {aw,x f Sax 4
i=1 ﬂ!r—dx

+ (uw — Pw. xpux)?
2+dx ] ] q 4
SN, S P xt+ X 2,
;[, [x 2Ax21 (@) tn. x;—Ax] o

Integration yields the following approximative
formula for the variance of proportion

q
D(P) = 1002{«: x )P - 1-
"’ xi:-ZI & (@i + Ax) (2 — Ax) T
+ (4w — Bw . xux)? (15)



7
Fro. (s + Ax) (xi — Ax)  (24x)?

q
zi + Ax \?
(‘ZP(x‘)ln—xt_Ax) ]}

Comparison of (12) and (13) gives the formula
g
E(P) =.ZIP(x() E(P | ) (16)

i.e., this approximation being applied expected
proportion in the whole population equals to the
mean of expected proportions in the partial sub-
populations ay.

Similar comparison of the formulae (14) and (15)
makes it possible to find that

q

D(P) = le(xi) D(P [ xi) +

1002 )
s m (HW — .BW.X,MX)

q q
x4+ Ax 2_ i + Ax 12
{Z P(x) [ln——m — Ax] [ Z P(xi)ln—————xt - Ax] }
te= i=1

=Y. P(xi) D(P | &) + (17)

(uw — Pw.zuz) D (ln"‘—”—“’-)
Xy — Ax

1002
(24x)

Hence, total variability of the proportion P
in the populations equals — the proposed approxima-
tion being applied — to the mean variability of the
proportion in the subpopulations z; plus a certain
constant depending on the variability of the auxiliar
unction In[(z; 4+ 4 x) / (x — 4x)].

Taking into account that it holds

-

= — (18)

and

lim =

sy0 (@ + Ax) (@ — Ax) 2}
with Ax — 0 (i.e., when the width of the interval z;
decreases to zero), the expressions (12) and (14)
transform for narrow intervals a; into (7) and (8)
where the value z; is to be substituted instead of .

PARAMETER ESTIMATION IN THE
PROBABILITY DISTRIBUTION

OF THE DIMENSIONS X, W) FROM
ANTHROPOMETRICAL DATA

In the previous pages normal (Gaussian) condi-
tional probability distribution of the dimension W
in dependence on the value of the principal body
dimension X as well as normal distribution of this
dimension X (or Y) have been considered. Parameters
of the distributions must be estimated from the
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anthropometrical data obtnimid in the measurement,
of body dimensions X (or .I) and W in a set of
probanﬂs chosen randomly in the referelilce popula.
tion. This material has been clm‘ract.erlzed in the
introductory part of this communication.

Let us denote (%, Wa) con.cret.e values of
both body dimensions (X, W) in ath proband
o= 1‘2,.._., n), where n is the snzgvof tpe set,
Parameters of the theoretical probability distribu.
tions introduced above are estimated then by the
following rules (the sign “6_” over‘tho symbol of
parameter means that an estimator is considered)

1
i‘X — = —7; Ly, (19)
a=1
n
; ! (20)
nw = W= -7? Wy
a=1
n
Oxx = Sx* = o Z (xq—2)? (‘,21)‘
. a=1 \
. n-:
b = owd =~ (ux — 22
¥ n—1 43
a=1
n
1
Gxw = szw =—— ) (8x—2) (wa—)

=1 .

(23)

Estimators of the fundamental parameters thus
obtained are summarized in Table 2.

In Table 1 probabilities P(x;) or P(y;) of occur-
rence of probands in partial subpopulations z; or y;
of the principal body dimensions X (stature) and Y
(chest circumference) are given. In computation
of P(x;) or P(y;) tables of standardized normal
distribution have been used. Tolerance intervals
Ax = 30 mm and Ay = 20 mm have been chosen as
adequate (see above).

In Table 3 main numerical results are presented:
expected proportions E(P [z;) or E(P [ y5) and
variances D(P [x;) or D(P|[y;) in partial sub.
populations 2; or ;. In both last rows at the bottom
of the table expected proportion E(P) together with
the variance D(P) (and both its components) are
given. ;
Inferior body dimensions W are those introduced
in the text.

The dependence of expected proportions E(P| ;)
or E(P [ y;) on the categories z; or y; of the principal
body dimension X or Y are demonstrated graphically,
too. The range of + VD(P/xt) or VD(P/y,), i.e.

of one S. D. over and below the mean is given for it.
(see Fig. 2).




In Fig. I histograms of theoretical frequencies

of dstature X and chest circumference ¥ are presen-
ted.

SUMMARY

. Stpdy of interrelations existing between body
dnme'nsmns is one of the most important problems in
physncal anthropology. Proportion indices are belon-
ging into this region of interest.

In. the communication authors present an
approximate method by means of which proportion
indices can be computed without any knowledge of
the index values for individual probands; only the
values of statistical parameters of the frequency
distribution in a set of probands being necessary.

Theoretical results are demonstrated in the case
of 16 body dimensions interesting from the viewpoint
of ergonomics, which have been measured in a set
of 1,392 men and 1,373 women.
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Table 1. Theoretical frequencies P(z;) and P(y) of
the categories z; and y; of stature X and
chest circumference Y, respectively, in the
population of men and women. The model
of normal (Gaussian) probability distri-
bution has been used in the computation,
with the parameters
MEN WOMEN

ux = 1,717 mm, ux = 1,696 mm,

uy = 1,016 mm, py = 969 mm,

oxxy = 4,064 mm?, oxx = 3,604 mm?

oyy = 5,303 mm?2, oyy = 8,234 mm?

P(z) Plys)
zy(mm) | MEN WOMEN yfmm) | MEN WOMEN
1,400 0.003 760 0.019
1,460 0.036 800 0.032
1,620 0.004 0.185 840 0.013 0.064
1,680 0.042 0.367 880 0.041 0.109
1,640 0.184 0.300 920 0.096 0.150
1,700 0.349 0.096 960 0.165 0.174
- 1,760 0.294 0.012 1,000 0.213 0.164
1,820 0.108 0.001 1,040 0.204 0.129
1,880 0.018 1,080 0.145 0.084
1,940 0.001 1,120 0.077 0.045

1,160 0.031 0.020
P 1.000 1.000 1,200 |. 0.009 0.007
1,240 0.002 0.002
1,280 . 0.001
b 1.000 1.000
/
58 ¢
561 KNEE HEIGHT /
{ 0 ‘ :

% CHEST CRCUMFERENCE

52 ) 3

50{ %

48] 1

46 |

4

42,

40,

38

36,

34

v T T y— m T w T "‘o T éw' v B
760500 880" 965 010" 0™ el 268 60
FIG. 2—-24
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Table 2. MEN. Fundamental statistical characteristics of body dimensions.

. bw. aw.
w | ) sw? ' sxw rxw W w.X

[ 106 0.067 458

Neck C. 308 476 272 B 0.093 10,039
377 0.059

Waist C. 875 1007¢ | 3 0.21 0.306 4,000

Buttock C. 1,004 4,468 | 1289 0.991 0.191 1,616

High 0. 563 1,766 | 3 0.131 0.058 777

Upper Arm C. 320 w338 ' 0.778 91.68
Bod. 316.1 0.460

ly Mass 75.0 116.27 . 0.907 0.737 480

Waist H. 1,051 2,687 2,994 0'764 0.328 313

St 473 760 ians 0.068 0.911 234

H. 7th Neck V. 1,483 3,604 3,701 . 0.560 535

Glut. Fur. H - 2,275 0.840 :

i r. . 1856 l,809 ’ 0.582 751
Hip H " 0.805 :

e S 864 2,126 2,36 a1 0.133 423
sﬁ};;“gier = s ot e 0,485 0.154 368
Chest D, 2;2 s 247 0.179 0.061 | dod
Chest C. 1,015 5,303 1,006 0.217 0.248 ,064

w I o sw? syw ryw bw. v .y
Neck C. 0.706 0.211 239
Waist C. ééﬁ 0.827 1.139 3,189
Buttock C. 9 88 0.723 1,695

. 3,835 0.7
Thigh C. see 2,178 0.712 0.411 870
Uper Arm C. abots 1,655 0.808 0.312 274
Sody M 648.3 0.826 1.223 37.01
Waist H. 518 0.137 0.098 2,636
g,m o 313 0.157 0.059 732

7th Neck V., 1,171 0.268 0.221 3,345
%‘“ﬁ“" - 519 0.168 0.098 1,758
Should 578 0.172 0.109 2,063
mo B er B. 882 0.545 0.166 347
Chest D 1,066 0.680 0.201 250
R et 1,271 0.810 0.241 161

e 1,717 4,064 1,006 0.217 0.190 3,873
\
180, o/
175} '
170) :
HEIGHT OF THE 7 TH NECK VERTEBRA
%5,
T0
oy CHEST CIRCUMFERENCE
= ' 100
150, 75‘ ‘ GLUTEAL FURROW HEIGHT
%5 70
%0 Z- CHEST CIRCUMFERENCE
135] 1%
80) %
130}
75

125 "
120, ]
15 “

y 60,
" e
105 EN 50'

1 _ ' OMEN
100 . _ 7’./,”',”1) e 77/”72'72)
760 840 920 1000 1080 1160 140 1320 760 8%0 920 " 1080 1 T
800" 880 960 1040 120" 1200 1280 1360 800" 880" a60" T0eg” r/eo”w;zoofewfzemxo
FIG. 2-25 FIG. 226
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TABLE2. WOMEN. Fundamental statistical characteristics (mean value, variance, covariance, correlation and

regression coefficients and residual variance) of body dimensions

w \ o a2 ‘ sxw rxw bw.x Sw.x

ek O, } 365 545 149 0.106 0.041 539
Waist C, ' 760 11,482 355 0.055 0.099 11,447
Buttock C. L 1,0 7,800 604 0.114 0.168 7,699
Thigh C. 594 2,910 481 0.149 0.133 2,866
Upper Arm C. 309 1,167 46 0.023 0.013 1,156
Body Mass 65.1 110.43 166.9 0.265 0.463 111.70
Waist H. 992 2,252 2,500 0.881 0.696 505
Knee H. 437 773 1,186 0.711 0.329 383
H. 7th Neck V. 1,368 3,108 3,279 0.966 0.910 215
Glut. Fur. H. 713 1,693 2,126 0.861 0.590 439
Hip H. 796 2,156 2,118 0.760 0.588 910
Shoulder B. 366 292 421 0.411 0.117 243
Hip B. 353 776 368 0.220 0.102 737
Chest D. 264 870 65 0.037 0.018 869
Chest C. 969 8,234 206 0.038 0.057 8,222
w w sw? syw ryw bw.y Sw.y

Neck C. 1,402 0.662 0.170 306

| Waist C. 8,574 0.882 1.041 2,564
| Buttock C. 6,661 0.832 0.809 7,747
. Thigh C. 3,363 0.687 0.408 11,536
| Upper Arm C. see 2,592 0.840 0.315 1,498
Body Mass above 856.6 0.864 1.040 30.32
Waist H. 539 0.125 0.065 2,217
Knee H. 171 0.068 0.021 538
H. 7th Neck V. 568 0.111 0.069 3,159
Glut. Fur. H. 57 0.015 0.007 1,693
Hip H. 495 0.118 0.060 1,831
Shoulder B. 690 0.445 0.084 234
Hip B. 1,718 0.680 0.209 417
Chest D. > 2,399 0.897 0.291 171
Stature 1,596 3,604 206 0.038 0.025 3,599

Footnote: All body dimensions measured in mm, except of body mass where ® is in kg, sw? and sy, x and sy .y are in kg?, sxw
and syw are in cm.kg, by.x and bwy.y are in kg em~!, rxw and ryw being dimensionless,

TR INSRESSEESR

HIP HEIGHT ‘ . SHOULDER BREADTH
TO %, 70
CHEST 'CIRCUNMFERENCE CHEST CIRCUMFERENCE
e TR TR NN MW
" 800° 880" 3600001201200 080> 60 0000 860™ 360" 0 120 1200 1280 1360
FIG. 2-27 ‘ ' FIG. 228
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Table 3. Expected proportions E(P [ z;) or E(P | y)

; HIP BREADTH
and variances D(P |z;) or D(P|y;) o 10
inferior body dimensions I to stature X % CHEST CIRCUMFERENCE
or chest circumference ¥, in particular %0
subpopulations z; or y;. In the lowel.' part 990
of tables expectations E(P) and variances
D(P) (as well as both its components D,(P) 28
and D,(P)) of proportion in the whole 37
population are given. Proportrxo'ns L 2%
dimensionless for all body dimensions W 25
except of body mass, whose proportions "
are in kg . em-1 .
2 nEN
- Neck Waist Buttock MEN
,MEI‘ circamference circumference circumference 32 :
Stature 31 \
| P 2y D 20 | EP 120 DOP 12 | BP 20 DOP (20
1,520 2.3 203 | 564 4376 | 621  17.84
1580 | %6 187 | 548 4047 | 609  16.50 — 4 [mm)
1840 %4 L7 | 829 3758 50.8 1631 T
K ! 01 | 514 3403 i ; ——— Tyt 1760 .
1,760 228 150 | 499 3258 | 57.8  13.28 840 920 1000 1080 1280 1360
1820 | 222 . 140 | 436 3045 | 569 1941 000" a0 60" 100 meo 1200
1,880 21.8 182 | 474 2854 | 56.0 - 11.63
1,040 21.3 128 | 462 2675 | 663  10.90
FIG. 2-29
2'(};’)(;) =, 1894041 | - 31424950 |  — 14.02+1.17 '
By Dopy | 232 199 | 510 3401 | 585  15.19
TABLE 3. continued
Thigh Upper arm Chest Shoulder Hip breadth Chest depth
SHEN circumference circuI::ference circumference MEN breadth ?
z‘m Stature
EP [ 2) D(P|2) | E(P | z) DP |20 | E® | 2 D(P |2y AW | B p |2y DP |20 | EP 20 DP |z | B2 D(P |0
1,520 34.6 7.08 | 209 8.40 | 636 2208 1,520 2.5 1.85 | 207 160 | 16.0 1.08
1,580 34.0 - 6.50 20.3 3.14 62.1 20.42 1:580 24.0 1.71 20.5 1.48 15.6 1.83
1,640 33.4 6.03 | 19.8 291 | 607  18.94 1,640 23.6 158 | 20.8 1.37 | 153 1.70
1,700 32.9 5.61 19.3 2.71 59.5 17.62 1,700 23.3 1.47 20.1 1.28 14.9 1.58
1,760 32.5 524 | 188 253 | 583 18.43 1,760 22.9 1.87 | 20.0 1.19 14.6 1.47
1,820 32.0 480 | 184 236 | 57.2  15.36 1,820 22.6 128 | 10.8 111 | 144 1.88
1,880 31.6 459 | 180 221 | 56.1 1439 1,880 22.3 120 | 107 1.04 | 141 1.20
1,940 31.2 430 | 17.6 2.07 | 552  13.48 1,940 22.0 113 | 195 0.98 | 13.8 1.21
2‘%?(;) s 5.531;%.? e 2.67'-;%427 5;2~17.34-&61.76 I_ix(})’)(}*;)" T, 1401015 | — 1.2640.03| — 1.55+0.11
o 5 9 X 19.10 2
EPy DiP) Byl | 232 160 | 20.1 1.29 | 14.8 1.66
SMEN Body mass Waist height Knee height Neck Waist Buttock
tature — WOMEN Pk
#(mm) | EP ) D(P |2) | EP |z) E(P |20 | EP |2 DP |z Staturs crumference | _ciroumference | circumference
1,520 308  39.80 | 59.6 2.10 | 26.9 1.36 E®|z) D(P|2) | E(P|z0) DP | z)| EP | zp) D(P | zy)
e |87 NN 1m o I 140 | 255 282 | 520 5871 | 702 sons
1,700 433  31.88 | 611 168 | 27.5 1.09 l'ggg 246 259 | 511 5398 | 68.0  36.50
1,760 445 | 2071 | 615 156 | 27.7 1.01 156 g-? %’23 g-g 13.77 66.0 33.85
i | IR |ue 14| as 0w B0 | By ogad | 6o ien | b 1
1,940 476 2441 | 626 128 | 282 083 1,700 21.7 19 | 453 3075 | 60.8 g8
4 ! 1760 211 177 1 461 8708 | 593 9508
2Ry 4 Ga gL - estem |~ Lorion . ' 9 | 480 8467 | 570 2540
A " 10 | 612 1. 27.5 111
E®P) D(P) - g )< gz CVTH088 |~ 45844228 | _ 50044344
E(P) D(P) : 272 | 417 4157 | 637 sacs
' Height of 7th * Gluteal :
MEN Hip height ‘Thigh Upper arm
st(,mm) neck vertebra | furrow height : vgaﬁn circumference circumference olrcu(lele::enee
Zy(mm
ZP 120 D [z) | B 120 DP) )| EP |2) DIP |2 O 5@ 12 0@ 20| 12 DPI2) | B(P |2) D(P |2,
1,620 85.8 102 | 444 234 | 403 3.26 1,400 406 14
. X 8 .
Vo0 | &0 0s | a8 216 | as  aop 1460 | 304 1345 | 219 597 | 684 4057
1840 8.2 087 | 452 2.00 | 50.0 2.80 1,620 384  12.40 2 S48 | 658 3920
1760 | 865 o078 | sa9 . 188 | 502 26 V80 | %15 irar | 195 o0 | 835 3803
jae 85 0.7 46.3 174 | 50.5 2.43 1,640 386 1065 | 189 by 61.3 33.32
L% 8. 071 483 163 | 50.8 2.27 1,700 35.8 9.00 | 183 $34 | 592 30.0
1o i os | 82 152 | 51.0 2.18 1,760 35.0 928 | 175 03 | 57.4 28.74
1 i ! X 143 | 512 2.00 1,820 8.3 863 | 171 3.7 | 558 2879
D«(P) + g e E i i 851-| 539 2504
i — 0804008 | — 1834+0.16| - 2574000 Dy(P) + T
+DiP) | gg4 0.83 | 45 199 | 503 2,66 + Dy(P) 7 1180+0.80 | _ 440,00
E(P) D(P) E@) by | 31210 | oaeg PG S RALLLT
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CHEST DEPTH

TO
MEN S
NCE s Neck Waist Buttock
CHEST CIRCUMFERL cm‘h circumference circumference circumference
fere:
28 t VITT77777777 777777777777 77 Gttt ymmy | B 1) DCP [ )| EP [y)) DP |vp)| EP |vp) DP V)
27 ° 800 a4 38 |787 5018 |1081  26.78
e Llhldis 840 43.0 8.48 80.4 45.45 104.5 24.22
26 880 42,0 3.16 81.0 41.39 103.0 22.06
920 41.1 2.80 |83.8  87.88 |1017 2017
25 060 40.2 2.65 84.6 84.75 100.4 18.61
MEN 1,000 30.6 244 |858 82,02 9.8  17.0
2% N 1,040 38.8 2.25 86.9 20,59 08.3 15.76
AASAAANANAAAANNNNANNAANNNNNANNN 1,080 88.1 208 |87.0  27.44 97.3  14.60
. 1,120 87.6 108 | 888 2551 96. 18,57
1,160 37.0 1.80 | 897  23.77 95.6  12.65
1,200 36.4 168 | 9005 2220 048  11.81
— 7;/47:41; ) | 1,240 85.9 167 | 012 2079 941  11.06
760 8%0 920 1000 1080 160 2 120 1320 Dy(P) + — 2414102 | — 51644452 | — 16.85+4.17
800 880 960 1040 ”zom;;m 7280 1360 ﬁg’%’zp) 39.3 4. 86.0  86.16 | 901  21.02
FIG. 230
MEN Thigh Upper arm Body mass
Chest circumference circumference
?ircum-
(3
vimmy | B [y DP || E(P | v) DP [v) | EP |y DP I v)
800 50.3  13.68 | 82.7 420 | 609 5865
840 58.5  12.40 | 827 3.80 | 63.8  53.13
880 577 1129 | 32.6 3.55 | 66.5  48.36
920 57.0  10.33 | 82.5 324 | 68.9  44.20
960 56.3 9.;8 335 g.gg '7]{1’.'112 gg.g
y o . 1,000 55.7 8.74 4 ; : :
TABLE 3. continued / 1,040 55.1 8.08 32.4 2.54 75.0 34.51
1,080 54.6 749 | 32.3 2.35 | 768  31.08
1,120 54.1 6.96 | 32.3 2.;9 ;g.g gg.g%
Body mass Waist height i 1,160 53.7 . 6.49 32.3 2.04 i i
oy i R e 1200 |832 606 |322 191 |813 2585
E(P |z) D(P|z) | E(P[z0) DP|z0)|E®P|z) DP|x) DuP) +
1!
1,400 40.0 ’ 3 + Dy(P) — 863+1.22 | — 2714001 | — 36.90+13.79
1460 vy BRI M n EPYDP) | 556 085 |82.4 272 | 736  50.69
1,520 40.5 4837 | 61.8 2.20 | 27.1 1.66
1,580 40.7 4476 | 62.1 2.03 | 27.3 1.54
1,640 40.9 4155 | 62.4 1.80 | 27.5 1.43
1,700 411 3867 | 626 175 | 217 1.33
1,760 41.3 3607 | 629 164 | 27.9 1.24
1,820 415 3373 | 681 153 | 281 1.16 MEN
Chest Stature Waist height Knee height
ﬁi(l’;,)(;;) — 44.08+0.05 — 2004009 | ~— 1.5240.05 Cfirrcet;rg
fds poy | M8 MR | W G0 R IM s | B (4 D [47) | E® v DP[u)) | BP [v) DP |9
800 2006 68.11 | 128.8 44.18 | 5756  11.99
840 200.5 - 61.13 | 123.1 -~ 39.80 | 55.1  10.83
880 102.2  55.20 | 118.0  36.07 | 52.9 9.83
woyEx | Helghtof7th Gluteal Hip height b | T4k %ds | 1085 So0e | 9  &m
Stature nack werishen furrow height 1,000 1714 41.84 | 1050 27.58 | 47.2 7.55
£(mm) 1,040 165.6 ~ 38.47 | 101.3  25.42 | 45.6 6.96
E(P |z) D(P | z;) | E(P|z;) D(P | z0) | E(P | 2) D(P | ) 1,080 160.1  35.47 97.9  23.49 44.2 6.44
1,138 155.1 32.84 94'2 21.79 | 42.8 5.98
400 .0 1.10 42.7 2.28 48.6 4.66 1:1 150.4 0.51 91. 20.27 41.5 5.66
{:460 33_2 101 | 433 200 | 490 429 1,200 146.0  28.23 89.1 ~ 18.83 | 40.3 5.18
1520 855 093 | 440 193 | 49.4 305 1,240 1419 2643 | 865 - 17.63 | 30.2 4.85
1,580 85.7 0.86 | 44.5 1.78 ;g.? g.gg =
1,640 85.9 0.80 | 45.1 1.65 ; .8 W(P) + —41.8741 _ _
1,700 86.0 0.76 | 45.5 154 | 50.4 3.16 + Da(P) 1701 374&7%,27%9 104217'26"5311'35 46.9 7““‘11:1.92'276
1,760 86.2 0.70 | 46.0 143 | 507 2.95 E(P) D(P) 2 "
1,820 86.4 0.65 | 46.4 1.3¢ | 510 2.75 m
s
{’;‘};’)(;) - 085+004| - 1754082| - 8604012 AN
2/ .
B e | 887 0.89 | 44.7 2.07 | 49.
ghEN Height of 7th Gluteal Hip height
est neck vertebra furrow height
circum- :
ference | p(p 1u;) DP ;) | EP 1y DP 1y | By DPlvp)
——— Shoulder Hip breadth Chest depth iy (mm) Y3 Y vi Ys Vs !
St?tuxg b 800 170.5  57.45 | 95.5 gg.gg 138.}’ gg.’xlg
Z(mm 840 172.0  51.67 | 91.4 ; 100. ;
: E(P | z) D(P | z:) | E(P | z) D(P | z)) | E(P | 21) D(P | x:) 880 165.2  46.74 | 87.7 23786 | 96.5 27.91
920 158.0 42,51 | 843  21.66 | 928 2545
1,400 23.8 126 | 23.8 3.79 | 18.6 4.48 960 153.2 88.80 | 812  19.82 | 80.4  23.29
1,460 23.3 1.16 | 23.2 3.48 | 17.9 411 1,000 148.0 8558 | 78.4 1821 | 862 2139
1,520 22.8 1.07 | 227 3.21 | 17.3 3.79 1,040 1431 3276 | 757 1680 | 833  19.73
1,580 22.4 0.99 | 22.2 2.97 | 16.7 3.51 1,080 1887 8028 | 73.3 1554 | 807  18.24
1,640 22.0 0.92 | 218 276 | 18.1 3.25 1,120 1845 2801 | 710 1442 | 782  16.93
1,700 21.7 0.85 | 21.4 2.57 | 15.8 3.03 1,160 130.8 26,04 | 689 1342 | 759  15.76
1,760 21.3 0.79 | 21.0 2.390 | 15.2 2.82 1,200 127.0 2414 | 66.9 1248 | 737 1465
1,820 21.0 0.74 | 20.7 2.24 | 14.7 2.64 1,240 1236 22.60 | 651  11.60 | 7L7  13.72
Dyp) + — 0.98+0.18 | — 2934022 | — 3.45+0.34 Dy(P) + —35.174+00.35 | —18.00+28.02 | —21.14+82.44
+Di(P) |933 1.1 ] 370 + Dx(P) 9 12552 | 777 4492 | 8.6  53.58
B Dip) 116 | 221 3.1 166  3.79 T Ty | 18 2

TABLE 3. continued

225



e |

TABLE 3. continued

MEN th
Chest inioery Hip breadth Chest dep
circum- Py
Simm) | EP 149 D [4)| (P [v) DP | yp| B [3) D [ v,
2.53
800 45.3 560 | 87.7 3.97 | 254
840 43.9 507 | 86.9 3.60 | 26.3 ;..gg
880 42.7 460 | 86.1 327 | 253 809
920 415 420 | 35.4 290 | 262 i
960 40.5 3.85 | 34.8 274 | 25.2 s
1,000 | 30.6 8.54 | 342 252 | 26.1 1
1,040 38.7 327 | 837 233 | 28.1 e
1,080 | 87.9 3.03 | 332 216 | 26.1 1%
1,120 37.1 2.81 | 82.% 201 | 25.0 15
1,160 86.4 2.62 | 32.3 187 | 25,0 0
1,200 85.7 244 | 319 175 | 25.0 Lis
1,240 85.1 220 | 3156 164 | 249 10
Dy(P) + — 3504308 | — 2494114 | — 1.6040.01
+ Dy(P) . . 34.1 3.63 | 25.1 1.61
BBl | 304 6.53
WOMEN Neck Waist Buttock
Chest cireumference circumference circumference
circum-
ference
ymm) | BP/y) DP [y, | B(P | y,) D(P | y)) | E(P | yj) D(P | yy)
760 43.3 547 | 714 4450 | 1144  41.90
300 42,0 492 | 730 4013 | 1009  37.88
840 40.8 445 | 745  36.38 | 1085  34.34
880 39.8 405 | 758 3313 | 1073 3198
920 38.8 3.70 | 771 3030 | 106.1  28.61
960 37.9 3.9 | 782 2782 | 1051 26.28
1,000 37.0 312 | 792 2563 | 1041 2490
1,040 36.3 288 | 80.2 2360 | 10382 927
1,080 35.5 267 | 8L1 2196 | 1024 2073
1,120 84.9 248 | 819 2042 | 1018 1928
1,160 4.3 281 | 827 1908 | 1009 17.97
1,200 33.7 215 | 834 1778 | 1002 = 1678
1,240 33.2 201 | 840 16,65 99.6 1572
1,280 32.7 189 | 847 152 99.0 1475
1,320 32.2 L77 | 8.8 1469 985  13.87
1,360 3L.7 167 | 8.8  13.83 98.0  13.06
Di(P) +
+ Da(P) o 34248961  — 28.03+6.13| — 26.46+532
E(P) (DP) | 36.9 738 | 795 3416 | 100.8  31.78
WOMEN Thigh Upper arm
Chest circumference circumference Rody e
circum-
ference D(P
wmm) | EPy) DP | yy) | EP | y) DP |y | BP 4 DP | yp)
760 669 2678 | 32.0 591 | 570  53.03
800 656 2415 | 820 532 | 59.4  47.81
840 644 2180 | 320 484 | 615  43.33
880 634 1094 | 31.9 441 | 634 3945
920 624 1823 | 319 403 | 652 36,07
960 615 1674 | 31.9 370 | 668  83.11
1,000 80.7 1542 | 31.9 841 | 683  30.50
1,040 59.9 1426 | 81.9 315 | 69.7  28.8
1,080 502 1322 | 318 293 | 7.0 2612
1,120 585  12.29 | 31.8 272 | 721  24.28
1,160 579 1145 | 318 254 | 732 22,63
1,200 5724 1070 | 38138 287 | 743 2118
1,240 568 1002 | 31.8 222 | 752  19.79
1,280 56.3 9.40 | 318 208 | 761 18,57
1,320 55.9 884 | 31.8 196 | 770  17.46
1,360 55.4 832 | 318 18¢ | 778 1644
Dy(P) +
+ Da(P) T 16874892 | - 8734000 — 33.87+12.60
E(P)DP) | 615 2079 | 3Le 3.73 | 668  45.97

1226

S ——————
— ] Knee height
t height
—W Stature Wais
Ches
cireum- | ———— DP | yy) | BXP [ y5) DP | yy)
ference EP |y) D(P 1) EP | v) D
(i 2050 By | isse 41 Bi7  1rse
323 133'7 57.63 i};{ 3055 | 49.5 10,83
; 51.98 . ‘81 47.4 9.42
880 181.1 16 | 1076 27 i
B HE | wg kmoab
1,000 0.7 % | 968 2140 | 422 731
1,040 168. ' 052  19.8 g g
80 1481  83.2 5 18.40 | 393 :
1120 1429 80.77 806 1712 | 880 5.85
1,160 1980  28.08 208 1% | 108 5.43
e E ) omouR & M
1,240 . i 1. 18.96 . .
| W) moue U0
1,320 : y 748 12.20 ) .
1,360 1181 20.33
Du(P) 4 — 25.67+85.35 | — 8.71+17.20
— 43.44 +244.66 45.5 25.91
Eu%"ﬁ?m 166.1  288.09 | 103.2  111.02
1 Hip height
WOMEN Height of 7th Glatea
Chest neck vertebra furrow height
frisnid E(P | 4;) D(P | y)
ﬁ{;ﬂ% E(P |y5) D(P | u)) | E(P | y) DP | y)) ) s
39.00
61.50 | 93.6  31.32 | 103.1
400 1606 5489 | 80.0 2808 | 982  36.00
840 161.8  49.31 | 84.8 25.38 9.0 3160
= el %0 | 78 3094 | se2  seae
o 185 : : 1916 | 829  23.92
960 1425 3695 | 74.3 o | 820 st
1,000 1370 33.85 | 713 17 0 | 8 2198
1,040 132.0 3115 | 686  16.2 7.0 2028
1,080 127.4 2873 | 661  15.00 ; 75
X i 6.61 | 63.8  13.92 | 719 17.4
Y100 ifgi 54.73 616  12.95 | 69.6  16.20
1,200 1153 2291 | 59.6 12,04 | 67.5 15.07
1,240 1118 2145 | 577  11.28 | 6556 1411
1,280 1086  20.11 | 559 1058 | 63.7  13.24
1,320 1055  18.83 | 54.2 9.92 | 61.9 12.42
1,360 1028 17.67 | 52.8 933 | 603  11.68
Di(P) +
+'(D,)(P) = 37.84+167.57| — 10.34+49.20 | —24.14+53.86
E(P) D(P) | 1424 20491 | 742 68.63 | 2.8 7800
WOMEN Shoulder
cggﬁ’g breadth Hip breahth Chest depth
ference EP DP P P
w(mm) | B2/ y) DP | yp) | EP | y;) DP [ y,) | E( 14 DP | yy)
760 4.5 436 | 40 7831 | 267 2.96
800 427 391 | 307 6.59 | 26.8 2.68
840 411 3.52 | 38.8 597 | 27.0 2.43
880 39.6 319 | 380 543 | 271 2.21
920 38.3 291 | 37.3 497 | 271 2.02
960 37.0 2,66 | 36.6 4,56 27.2 1.86
1,000 35.9 244 | 359 420 | 27.3 171
1,040 34.8 2.25 | 854 3.88 | 27.4 1.58
1,080 33.8 2.08 | 34.8 3.59 | 27.4 1.47
1,120 32.9 1.93 34.3 3.34 27.6 1.36
1,160 32.1 1.80 33.9 3.11 27.8 1.27
1,200 31.3 1.67 33.4 2.91 27.8 1.19
1,240 30.5 156 | 330 272 | 277 111
] 2 14t 326 285 | 277 1.04
’ - . ¥ 240 | 2707 0.98
1.360 28.6 129 | 320 226 | 278 0.93
SRS |
Dy(P) +
+ Da(P) o 2714782 | 4404998 1.87+40.03
EP) D) | 870 1008 | 345 Vg 27.2 1.90
= L.
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