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PREFACE

This report was prepared for use by Army and other personnel in designing
human-materiel interfaces. The work was begun in the Department of Cell Biology
& Anatomy, Northwestern University, Evanston, IL and completed in the
Department of Anatomy & Neurobiology at the Washington University School of
Medicine, St. Louits, MO. We wish to thank the contract administrators at both
institutions and at the U. S. Army Natick Research, Development, and Engineering
Center for their help in facilitating the work, especially in regard to moving the
project in midstream.

This report was prepared bz; James M. Cheverud and colleagues at
Northwestern University and Washington University under Army contract
DAAKG60-89-C-1006 during the period April 1989 through March 1990. Dr. Claire
C. Gordon was the project director of the U. S. Army 1988 Anthropometric Survey,
and Dr. Robert A. Walker was the project officer for the contract. Dr. Gordon and
Dr. Walker are affiliated with the Anthropology Group, Materiel Systems Human
Factors Branch, Behavioral Sciences Divisior, Soldier Science Directorate.




Part 1 Statistical Techniques, Landmark, and Measurement Definitions

CHAPTER1
INTRODUCTION

The Army has the responsibility to provide clothing, personal protective
equipment, and workspaces that accommodate the full range of body size variation
present in its user popuiation. This mission can be accomplished only with the aid
of an anthrcpometric data base that accurately reflects the body size and shape
distributions of soldiers. Recertly (1987-1988), the Army updated its 20-year-old
data base by conducting a full-scale anthropometric survey that consisted of ove{
180 body and head dimensions taken on a sample of more than 9000 soldiers.
Previous_ anthropometric surveys were conducted in 1966 for males= and in 1977 for
females.” The demographic composition of the Army has changed dramatically
since these eailier surveys in the proportional representation of various age, sex and
racial groups.” Thus it was apparent in the mid-80s that the Army’s anthropometric
data base needed to be generated anew in order to account for demographic
changes and secular trends in body size and proportion.

The survey featured a sampling strategy in which demographic minority
groups were intentionally "oversampled” in order to accommodate anticipated
demographic shifts in the Army population and in order to support basic research
goals. This methodology will allow researchers to use the data coilected to
anticipate futurc changes in the composition of Army’s staff. Survey participants
“were selected at random within their age/gender/race strata at 11 Army posts in the
continental United States.

At the close of the survey, a working data base representing the male and
female components was created by stratified random sampling of the total data
base, such that the age/race distributions of the working subsets exactly match those
of the June 1988 Active Duty Army. The working sample contains 1774 male
individuals and 2208 females. Demographic details of the working data base
sample, alon% with basic statistics for the measurements taken, can be found in
Gordon et al.

In this report we tabulate the statistical relationships umong anthropometric
measurements so that designers of Army materiel systems will be able to utilize the
data to improve the human-materiel interface. The kinds of statistical relationships
tabulated include simple correlations, partial correlations, bivariate regressions, and
multiple regressions. The simple correlations, partial correlations, and bivariate
regressions are among all pairs of characters. Four sets of partial correlations are
included, partialling out: stature only; weight only; staiure and weight
simultaneously; and stature, weight, and age simultaneously. Standard multiple
regressions include specific anthropometric dimensions regressed on standard pairs
of measurements. Stepwise multiple regressions were also calculated for each
anihropometric dimension using the first five independent variables selected in the
stepwise procedure. All analyses were performed separately for males and females
and are reported separately in the tables below.




A total of 130 anthropometric measurements (see Chapter IV) are included
in the analysis. Forty-zight of these are detailed head measurements derived frorg
three-dimensional ccordinates measured with an automated headboard device.
The remaining 132 measurements were standard anthropometric dimensions
representing the size of parts from all over the body.” Definitions of each of the
measurements analyzed are provided in Chapter IV.

The next three chapters provide a technical description of the statistical
analyses performed and the use of the reported statistics (Chapter II), the
definitions and illustrations of the various landmarks used in anthropometric
measurement (Chapter IIl), and the definitions and illustrations of the
anthropometric measurements themselves (Chapter 1V). Following this preliminary
descriptive information the various statistical tables are presented in four chapters,
one for each type of analysis. Chapter V contains simple and various partial
correlation tables for males and, separately, for females. Chapter VI contains
listings of all of the bivariate regressions of sufficient strength of association to allow
prediction of anthropometric measurement values from others among the total set
of measurements analyzed. For each anthropometric variable, Chapter VIl includes
the multiple regressions with one, two, three, four, and five independent variables
that best predict the dependent variable’s value. The final chapter, Chapter VIII,
includes the multiple regression models for specific sets of dependent and
independent variabies.




CHAPTER 11
STATISTICAL TECHNIQUES

General Statistical Assumptions

When ~xamining anthropometric data it 1s assumed that tne data are
normally or bivariate normally distribute and are a randcm sample of the
populaticn from which they were drawn. That is, we assumed that the individuals
included were independently ascertained and are representative of all individuals in
the Army. The means by which the working daia base was generated assures
compliance with the random sample assumption while the large sample utilized here
assures that the sampling distribution of the parameters will be distributed in a
statistically appropriate fashion. With these assumptions, we are able to reliably
ascertain the probavility that any statistic estimated from this sample is different
from zero.

Simple Correlation Coefficients

A simple correlation coefficient (r), sometimes referred to as a Pearson
product-moment correlation, is a measure of the strength of the linear relationship
between two vaniables. Its value ranges from -1.00 to + 1.00, witk -1.00 representing
a perfect negative linear relationship (as X increases, Y decreases), 0.00
representing a total lack of linzar relationship, and +1.00 representing a perfeci
positive linear relationship (as X increases, Y alsn increases) between the variables.
A linear relationship occurs when the chuange in Y (AY) over a given change in
values of X (aX) is constant over the total range of X values under consideration.
Deviations from a linear relationship result in a lowering of the ubsolute value of
correlation coefficients.

A simple correlation coefficient between characters X and Y is defined as
follows:

rxy = COV(X,Y) /v (Vx Vy)v (l)

where COV(X,Y) is the covariance of the two characters and V represents their
variance. A covariance measures the extent t0 which two variables vary in concert.
It is positive when individuals with a larger than average value of X are also typically
larger than average for character Y, negative when larger than average values of X
are typically associated with smalier than avserage values of Y, and zero when a




given value of X may be associated with any value of Y. It is caiculated as:

i=

N
COV(XY) = [zl (Xi- X)(Y - !/ (1-2), (2)

where X and Y are the average values of X and Y respectively and N is the number

of individuals used to caiculate the covariance. Another equivalent cquation often
uscd in calculation is:

COV(X,Y) = XY-XY, &)

where XY is the mean of the cross-product of the two variables. A variance

measures the exient of differences among individuals ror the character in question.
It is calculated as follows:

N '
Vo= LXi Y0, @
1=
or, alternatively,
Ve = (3 - (X2, )

where (X:) is the average of the squared values of X. Inspection of these equations
indicates that a variance is the covariance of & trait with itseif,

A simple correlation is thus a covariance standardized by the level of
variation exhibited by the characters. This standardization allows one to compare
the strengths of linear relationship across character sets of grossly different levels of
variability. Highly variable measurements, suci as weight, will have high
covariances with all other characters as compared to lowly variable measurements,
such as heel breadth. However, because correlations are standardized for levels of




variability, they can be directly compared across characters. Thus, inspection of the
correlation tables will allow designers to quickly determine which dimensions are
associated in the Army population and therefore which character sets need to
impact design criteria in an integrated fashion.

It is also important to determine the probability that 4 particular estimated
correlation statistic is significantly ditferent from zero. In finite samples, it is
possible that correlations uther than zero may be estimated due to random chance
errors even when the true population correlation is zero. Thus, we need to
determine which of the many correlation coefficients estimated actually indicate a
linear association between the variables. In general, an observed statistic is
considered significantly different from zero when the probability of obtaining s::ch
an observation in the actual population is 5% or less. This test applies to a single
statstical determination.

The standard criterion implies that 1 in every 20 independent statistics may
appear significantly different from zero by chance alone. However, with the 180
traits in the 1988 Working Data Base, the full matrix of correlations between all
traits contains [(180 * 179)/2], or 16,110 different correlation coefficients. With the
acceptance of the 5% probability level, one would expect approximately 800
significant correlations bv chance alone, even when there is no correlation in the
popula” un 4s a whole. Tnus, with multiple statistical comparisons, it can be difficult
to determine which correlations are actually not equal to zero and which only
appear so. This proolern is known as a multiple comparisons problem and is
overcome by using the Bonferroni criterion, or Dunn’s test, for determining the
significance of individual coefficients.  Using the Bonferroni criterion, the
experimentwise (or collective) error rate for Type I errors (errors in which the null
hypothesis of no correlation is falsely rejected) is limiterl to no more that 59, so thax
there is only a 5% probability of an incorrect rejection of the null hypothesis for
even a single coefficient out of the entire collection. This probability limitation is
accomplished by dividing the error rate per comparison (typically 0.05) by the total
number of comparisons made (k, with k = 16,110 in these analyses). Then the
probability which must be met for a single coefficient to be considered significantly
different from zero is (0.05/k}. The significance levels presented in this report
represent the Bonferroni significance levels. Threshold correlations, marking the
boundary above which individual correlations are significant, were calculated using
the Ronferroni significance level (P = (L05/16,110) and the standard error ¢f the
sorrelation.” The threshold correlations are 0.113 in the mule sample and 0.085 in
the female sample. The threshold correlations differ in the two sexes due to
differences in sample size.

Partial Correlation CoefTicients

A partial correlation coefficient measures the linear relationship between
two variables after other, specified variables have been held constant.  The
relationship between the two variables of interest is considered independent from




their common relationship to a third cr further variables. Thus, the partial
correlation ryy 7 is the correlation between traits X and Y with trait Z held constant.
When only one controlling variable is inciuded, the correlation is referred to as a
first order partial correlation. It is calculated from the appropriate simple
ccrrelation coefficients as follows:

Iyz = (xy - Ty VI - 152?) (1)) (6)

A second order partial correlation controls for two variables while a third order
partial correlation controls for three variables. The second order partial correlation
between X and Y controlling for both W and Z is calculated as:

txywz = (Ixy.z - Txw.z ryw.z)/x/ﬁl w1 - l'yw.zz)] (7

from the first order partial correlations. A third ordsr partial correlation can be
calculated from a set of second order partial correlations in a similar fashion.
Significance testing for partial correlations is essentially the same as for simple
correlations. With samples as large as those included in the working data base, the
critical partial correlation values for statistical significance using the Bonferroni

criterion ars the same as for the simple correlations, at least to the third decimal
place.

Partial correlations are calculated when one wishes to focus on that specific
linear relationship between two variables 'vhich is independent of other factors. In
anthropometric analyses, the variables mcst often ‘partialled out’ are size variables.
For example, size is controlled in order 10 determine whether individuals of the
same size with longer than average arms also tend to have longer than average legs.
This analysis is necessary since the simple relationship between arm and leg length
may be due merely to the observation that larger people have both longer arms and
longer legs rather than being due to some special relationship between arm and leg
length. The partial correlations between all trait pairs have been calculated when
adjusting for the effects of stature and weight separately, the combined effects of
stature and weight, and the combined effects of stature, weight, and age. Thus,
these partial correlations can be used to quantify and interpret body shapes.

Bivariate Linear Regression

Bivariate regression measures the linear relationship between a dependent
(Y) and single independent (X) variable by estimating the number of unit




differences in trait Y which typically accompany a single uait of ircrease or decrease
in trait X. The model used for the linear relationship is:

Y =a+byxX (8)

where a is the regression constant or intercept identifying the value of Y when X
equals zero and by x is the regression coefficient or slope indicating the numter of
unit differences in Y given a single unit difference in X. The regression coefficient
is calculated as:

byx = cov(X,Y)/Vy, ©)

where cov(X,Y) and Vy are as defined above. The regression constant is then
calculated as:

a=Y-byyX (10)

where X and Y are the means of the independent and dependcnt variables,
respectively. The values estimated for coefficients a and by 4 in this equaticn are
those that minimize the squared deviations of obscrved Y values from the estimated
regression line. This procedure is known as least squares regression,

The use of this regression model, usually referred to as Model I regression, is
based on three assumptions: (1) The independent vanable, X, is measured without
error; (2) the mean values of the dependent vaniable (Y) are a function of the values
of the independent variable (X) and lie on a straight line described by equation 8;
and (3) for any particular value of the independent variable (X;), the dependent
variable’s (Y) values are independently and normally dGistributed with constant
variance across various values of the independent variable. Assumption 2 wis
described above in the discussion of simple correlations while Assumption 3 was
discussed in general terms at the beginning of the chapter. The first assumption will
not generally hold for anthropometric variables, in that all measurements are taken
with some degree of error. Even so, when prediction is the main purpose of
rcgrﬁssion analyses, as it is here, Model [ regression is the most appropriate form to
use

The primary purpose for regression coeificients in the context of this report



is to allow the prediction of the dependent variable given a specific value for the
independent variable. This is accomplished by using equation 8 and treating a, by ,
and X as known and using them to estimate Y. The estimate of Y obtained in this
fashion is the most likely, or average, value of Y for the X; given in the equation.
For example, we may predict the value of acromial height, sitting (ACRHTST,
standard measurement 4) from acromial height (ACRHGHT, standard
measurement 3) in males (see Measurement Definitions and Hlustrations, Chapter
4). The appropi:ate regression equation is:

Estimated ACRHTST (mm) = 128.038 + 0.326 * ACRHGHT (mm). (11)

Even though this point estimate is the most likely value of the dependent variable
(ACRHTST) given the value of the independent variable (ACRHGHT), normal
variation in the dJdependent value causes individual cases to deviate from the
prediction. The standard error of the estimate measures the extent of variation in
the dependent variable at any given value of the independent variable. It is the
standard deviation of the residuals which, in turn, are the deviations of the observed
values from those predicted by the regression model. Thus, we carn use the standard
error of the estimate (sy y) to provide a likely range of dependent values given the
independent value specified. Givan the very large sample sizes used here, the
normal correction applied to the standard error of the estimate \3!,hen the
independent variable deviates from its mean can be dispensed with here.” Thus a
95% confidence interval for estimated values of the dependent variable can be
calculated as:

Estimated Y £ 1.96 sy x. (12)

In our example estimating acromial height, sitting from acromial height, given an
acromial height of 1442 mm and standard error of the estimate equal to 21.634 mm,
the estimated acromial height, sitting is 598 mm and its 957 confidence interval will
be 568 mm ¢t (1.96°21.634), ranging from 556 mm to 640 mm. This means that 95%
of the time individuals with an ACRHGHT of 1442 will have ACRHTST values
between 556 mm and 640 mm. The independent variable which best predicts a
dependent variable is the one with the smallest standard error of the estimate.

Bivariate regression is very closely related to simple bivariate correlation.
The regression coefficient can be calculated as:

by.x = fxy (Sy/sx), (13)




where s; is the square root of the variance (see equation 4). Statistical significance
tests are identical for both regression and correlation coefficients. Since the
bivariate regression tables only contain equations for which the correlation is
greater than 0.50, all regression equations reported are significant ever. at the 0.001
level using the Bonferroni criteria.

Another parameter of interest for regression analysis is the coefficient of
determination (R*). The coefficient of determination measures the proportion of
variation in the dependent variable which is associated with the independent
variable and thus measures the strength of association represented by the
regression. This coefficient is simply the square of the correlation coefficient
between the two variables. Thus, it ranges from 0 to +1. The higher the coefficient
ofz determination, the miore tightly coupled the two variables considered are. The
R" values reported in these tables have beesn adjusted for the number of
independent variables used in the analysis. This adjustment does not affect the
bivariate coefficients of determination but does have a slight effect on the values
reported for multiple regressions In the regression of acromial height, sitting on
acromial height, 46.6% of the variation is shared between the variables. Only
regression equations with coefficients of determination above 0.25 are included in
the tables.

The standard error of the regression coefficient is also provided in the tables.
It allows tests of significance for estimated coefficients by allowing calculation of the
95% confidence interval for the estimate. The 95 confidence interval for the
regression coefficient is given by *+ 1.96 times the standard error of the regression
coefficient. For the regression of ACRHTST on ACRHGHT, the standard error of
the regression coefficient is 0.008, and the 95¢% confidence interval of the regression
coefficient is (0.310, 0.342). Since the 95¢% confidence interval does not encompass
0.00, the slope of the regression is significantly different from zero at the 5%% level.

It may also be desirable to predict the Y variable in English units as well as
in metric units. In the conversion of a regression equation from metric to English
units, the value of the slope remains unchanged unless the independent variable is
WEIGHT, while the constant and the standard error of the estimate are multiplied
by the factor 0.040. In the regression of acromial height, sitting on acromial height,
the constant in English units is S.041 inches, and the equation expressed in English
units is:

Estimated ACRHTST (in) = 5.041 + 0326 * ACRHGHT (in), (14)

while the standard error of the estimate converted to English units is 21.634 * 0.040
or 0.852 inches. !n cases where the independent vaniable s WEIGHT, the slope is



multiplied by the factor 0.147 to convert it from millimeters per centigram to inches
per pound. The constant and the standard error of the estimate are multiplied by
the factor 0.040. The prediction of acromial height sitting (ACRHTST) in males
from weight is expressed in these equivalent equations:

Estimated ACRHTST (mm) = 491.407 + 0.136 * WEIGHT (cg)  (15)
Estimated ACRHTST (in) = 19.347 + 0.020 * WEIGHT (lb). (16)

If one wishes to transform these equations to English units when WEIGHT is the
dependent variable, the constant and standard error should be multiplied by 0.268
and the slope by 6.805. .

Multiple Linear Regression

Multiple linear regression is useful in the prediction of a dependent variable
from several independent variables simultaneously. The analyses tabulated here
represent two classes of regression analysis, multiple regression and stepwise
multiple regression. The multiple regression equations represent the prediction of
each dependent variable from a specified pair of independent variables; stature and
chest circumference, stature and shoulder circumference, waist circumference and
crotch height, buttock circumference and crotch height, vertical trunk circumference
and crotch height, and stature and weight. In contrast, stepwise multiple regression
is performed in a systematic manner, such that it results in the best limited subset of
predictor variables that accurately predict the dependent variable. The number of
independent variables was limited to five for these analyses.

Multiple regression is a relatively straightforward extension of bivariate
regression. Typically, the combination of two or more independent variables in a
multiple regression allows a more accurate prediction of a dependent variable than
can be obtained from a single independent variable alone, as is done in bivariate
regression. The general multiple regression model used is: '

Y =a+hX)+b2Xo+ .+ Xy, an

where the subscripts identify the first, second, third, up to kth independent variable,
a is the regression constant or intercept, and b; is the partial regression coefficient.
The partial regression coefficient is the number of unit changes in the dependent
variable (Y) per unit change in the indicated independent variable (X;) when all
other independent variables are held constant, It is the unstandardized version of
the partial correlation coefficient (equation 6) and can be calculated as follows
when there are two independent variables (X and Z):

10




by = yez VAI1y72) Vyl/[(11?) Vi (18)

The standardizing term in equation 16 is the ratio of variance in Y not associated
with Z to variance in Xj not associated with Z. Thus, it is seen that equation 16 is
similar in structure to equation 13 relating simple regression and corrslation
coefficients.  Similar, more ccmplex, equations can be derived for multiple
regressions with further independent variables, although calculations are usually
performed using matrix algebraic algorithms.” The regression constant may be
estimated as:

a=Y-b1X]-bpXp, (19)

although once again the matrix formulation is preferred. The coefficients estimated
by these algorithms describe the line for which the squared deviation of observed Y
values from Y values predicted by the line of regression are minimized.

In addition to the assumptions described above for bivariate regression, in
multiple regression it is assumed that the correlations among the independent
variables are not extreme. If correlations among independent variables are very
high (greater than approximately 0.95), a multicollinearity problem will exist. This
condition will lead to instability of regression coefficient estimates due to the
limited amount of unique variance in specific independent variables available for
partial correlation with the dependent variable. However, multicollinearity is
unlikely to seriously affect prediction using the equations. Inspection of correlation
coefficients among regression coefficient estimates indicates that multicollinearity is
not a serious problem in thecs analyses.

All of the regressions presented are individually statistically significant at the
0.001 level and collectively at the 0.05 level using the Bonferroni criterion.
Confidence intervals for individual partial regression coefficients are provided in the
tables and can be used to derive 95% cortidence limits as described in the section
on bivariate regression coefficients. Likewise, multiple coefficients of determination
are provided, which indicate the proportion of variance in the dependent variable
associated with the set of independent variables.

Prediction of dependent variable values from specific sets of values for
independent variables is the main purpose of the coefficients presented in this
report. The procedure to be followed is the same as in bivanate regression with the
simple addition of independent variables. For example, male abdominal extension
depth, sitting (ABEXDPST) can be predicted from buttock circumference
(BUTTCIRC) and .rotch hei -ht (CRCHHGHT) using the following equation:
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Estimated ABEXDPST(mm) = -42.063 + 0.363 * BUTTCIRC(mm) -0.091 * CRCHHGHT(mm). (20)

Note that all coefficients are statistically significant although crotch height shows no
significant bivariate relationship to abdominal extension depth, sitting. The
inclusion of additional independent variables can alter the apparent relationship
between the dependent and specific independent variables.

The standard error of the estimate provided in the multiple regression tables
can be used, as above, to derive confidence intervals for dependent variable
estimates. Due to the large sample sizes, and consequent small standard errors for
the regression coefficients, inflation of the estimate’s confidence intervals due to
deviation of the independent variables from their mearx? is minor within the range
of the data. If correction is desired, see Sokal and Rohlf’ (p. 637).

The stepwise multiple regressions were calculated using standard multiple
regression procedures after stepwise selection of the appropriate variables. The
stepwise procedure was followed in order to choose a set of five independent
variables, which would best predict the dependent variable. While the best
prediction for any single dependent variable will be obtained from the full set of
other variables (179 in this report), such equations become unwieldy and unreliable
when applied to samples other than the one used to estimate the equation. Thus, it
is preferable to select some subset of independent variables that will produce nearly
as accurate a prediction and be more reliably applied to new samnles. No stepwise
procedure is perfect and the inclusion or exclusion of specific variables from the
selected set of independent variables should not be taken as indicating a special
relationship with the dependent variable. Potential independent variables showing
high correlation with the dependent variable may be excluded from the final
equation due to complex and multiple colinearities with independent variables
already included in the favored variable set. Also, although stepwise procedures do
not necessarily produce the optimal five variable equation, they will typically

_produce an equation that approaches the optimal one in predictive power.

We used a stepwise forward selection procedure in which independent
variables are added to the multiple regression equation sequentially. The first
variable entered is the one with the highest coefficient of determination with the
dependent variable. The second variable added is the one that causes the greatest
increase in the multiple coefficient of determination. This is the variable with the
highest partial correlation with the dependent variable, controlling for the first
variable entered. Additional independent variables are added, one at a time, using
the same criterion. At each step the included variables are reevaluated so that any
variable that initially fits the criterion but, with the new complement of independent
variables, no longer appreciably increases the coefficient of determination, is
removed from the selected set. This prccedure was followed until five independent
variables were selected. These five variables were then used in a series of five
regressions with the independent variable, each further regression including an
additional selectcd independent variable. These regressions are then treated as any
other multiple regression, as described above.

12




CHAPTER HI
LANDMARK DEFINITIONS AND ILLUSTRATIONS

The dimensions are measured from one point on the body (or a fixed surface
such as the floor) to another or, in the case of circumferences, around the body at a
specified level. To ensure that each dimension is measured accurately and
consistently from one subject to the next, dimensions are defined in terms of body
landmarks, which serve as the origin, terminaticn, or level of measurement of a
dimension.

Two men and two women were trained in locating many of these points by
palpation or by sight, and placing actual drawn marks on the bodies of all subjects in
this survey. Measurers were also trained to recognize other easily located
landmarks such as dactylion II landmark, the tip of the index finger, for which
marking was not necessary.

The landmarks used to define the measurements in the survey are briefly
gescribed and illustrated over the following pages. Detailed instructions for locating
these landmarks can be found in the Measurer’s Handbook.
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LANDMARKS

Abdominal point,
anterior: The most
protruding point of
the relaxed abdomen
of a seated subject.

Acromion, right and
left: The point of
intersection of the
lateral border of the
acromial process and
a line running down
the middle of the
shoulder from the
neck to the tip of the
shoulder.

Acropodion:

The tip of the first or
second toe of the
right foot, whichever
is longer.

Alare, right and left:
The lateral point on
the flare or wing of
the nose.

Anterior superior iliac
spine, right and left:
The anterior points of
the right and left iliac
crests.

Axillary fold,
posterior: right and
left: The highest
points of the right
and left axillary folds
on the back.

Biceps point: The
highest point of the
right flexed biceps as
viewed from the
subject’s right side.

by o

Bustpoint, right and
left: The anterior
points of the bra

cups.
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LANDMARKS (cont'd)

Buttock point,
posterior: Point of
maximum protrusion
of the right buttock
of a standing subject.

Buttock point, right
{ateral and left lateral:
Points on the thigh or
hip at the level of the
maximum protrusion
of the right buttock.

Calf: A point on the
side of the calf at the
level of the maximum
circumterence of the

Cervicale: The
superior palpable
point of the spine of
the seventh cervical

right calf. vertebra.
Cheilion, right and

left: The lateral

point of the juncture Chin: The most

of the fleshy tissue of
the lips with the facial
skin at the corner of
the mouth.

protruding point on
the bottom edge of
the chin, along the
jawline.

Qlavicle point, right
and left: The
superior point of the
lateral ends of the
clavicle.

Crinion: The lowest
point of the hairline
on the forchead in

the midsagittal plane.
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LANDMARKS (cont'd)

Dactylion II: The tip
of the right index
finger.

Dactylion I, right
and left: The tip of
the middle finger.

Deltoid point, right
and left: The lateral
point of the right
deltoid muscle, and
the margin of the left
deltoid muscle at the
ievel of the right
deltoid point.

Dorsal juncture of the
calf and thigh: The
juncture between the
right calf and thigh
behind the knee of a
subject sitting with
the knee flexed 90
degrees.

N

Dorsal juncture of the
foot and leg: The
top of a skin crease
between the right
foot and the front of
the ankle when the
knees and ankles are

Ear, bottom: The
lowest point of the

lateral point (farthest
from the bead) of the
right ear,

flexed about 30 right ear on its long
degrees. axis.
Ear point: The

Ear, top: The highest
point of the right ear
on its long axis.
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LANDMARKS (cont'd)

Ectocanthus: The
outside corner of the
right eye formed by
the meeting of the
upper and lower
eyelids.

Ectoorbitale, right
and left: The
posterior poiat on the
frontal process of the
zygomatic bone at the
levei of the outer
comner of the eye.

Elbow crease: The
skin crease on the
inside of the right
elbow joint when the
elbow is flexed 90
degrees.

Fifth
metatarsophalangeal
protrusion: The
lateral protrision of
the right foot in the

region of the fifth
X;\_:r metatarsophalangeal

joint.

First
mctatarsophalangeal
protrusion: The
medial protrusion of
the right foot in the
region of the first
metatarsophalangeal
joint.

Frontotemporalz,
right and left: The
point of deepest
indentation of the
temporal crest of the
frontal bone above
the browridges.

Glabella: The
anterior point on the
frontal bone midway
between the bony
browridges.

Gluteal furrow point:
The lowest point of
the lowest furrow or
crease at the juncture
of the right buttock
and the thigh.
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LANDMARKS (cont'd)

Gonrion, rizht and
ft: The lateral
point on the postecior
angle of the mandible
(jawbone).

Heel point, lateral
and medial: The
lateral and medial
points of the right
heel located at or
behind the most
protruding point of
the lateral malleolus
(outside ankle bone).

Diocristale: The
highest palpable point
cf the right iliac crest
of the pelvis, one half
the distance betwcen
the anterior superior
iliac and posterior
superior iliac spines.

Inferior breast point:
The inferior point of
the juncture of the
lower of the two
breasts with the torso.

Infraorbitale, right
and left: The lowest
point on the anterior
border of the bony
eye socket.

Infrathyroud: The
inferior peint in the
midsagittal plane of
the thyroid cartilage
{Adam’s apple).

Vova

Inner thigh: A
vertical line halfway
between the front and
back of the right
inner thigh, and"
extending downward
from the level of the
gluteal furrow.

Knee point, anterior:
The most protruding
point of the right
kneecap of a scated
subject.
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LANDMARKS (cont’d)

Lateral femorai
cpicondyle, standing
and sitting: Lateral
point of the right
femoral epicondyle
(knee pivot point).

Lateral malleolus:
The lateral point of
the right lateral
malicolus (outside
ankle bone).

Medial mallcolus:
The medial point of
the right medial
mallecius (inside
ankie bone).

Mcuton: The inferior
point of the mandible
in the midsagiticl
plane (bottom of the
chin).

Mectacarpale II: The
lateral point of the
right metacarpo-
phalangeal joint II (at
the base of the index
finger on the outer
edge of the hand).

S

Metacarpale V: The
medial point of the
right metacarpo-
pbalangeal joint V (at
the base of the little
finger on the outer
cdge of the hand).

Midpatclla: The
anterior point halfway
between the top and

botinm of the right
patciia (the knececap).

/ ¢l }& Midshoulder: The

poini on top of the
right shoulder midway
between the neck
(right trapezius point)
and the tip of the

{_,‘» Ll shoulder (acromion,
T right).
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LANDMARKS (cont’d)

Midspine: A line
down the center of
the back.

Neck:  anterior, right
lateral, and left
lateral: Anterior and
lateral points at the
base of the neck.

Olccranon, bottom
and rear: The lowest
and rearmost points
of the right elbow
with the elbow flexed
%) degrees.

Olecranon, ceater: A
point on the center ot
the curvaiure of the
right olecranon \
process with the
slhbow fiexed about
115 degrees.

Otobasion superior:
The anterior superior
point of the juncture
between the right car
and the head.

Posterior supernior
iliac spinc: The
posterior point of the
crest of the right
ilium. A dimple
normally overlies this

point.

Promentow: The
anterior projection of
the soft tissue of the
chin.

Pronasale: The point
cf the anterior
projection of the tip
of the nose.




LANDMARKS (cont'd)

)
o Radiale: The highest )] }v;*”»;y;{ L)
Pternion: The e point on the outside BT (‘\ AN }(;
posterior point of the ~"-_'//\ edge of the right N \\ \ // ¥
right hecl. » "8 73| radius. W /

Scye: Poinis on the upper arm and torso associated with the
armhole of a garment.

Anterior scye on the
torso: A short
honzontal line on the
torso originating at the
apex of the right
antenior axillary fold

Aaterior scye on the
upper arm: A short

Postenor duagonal
scye, right and left:

A diagonal line
connecting the apex
of the posterior
axllary fold with the
acromion landmark on
the tip cf the

. : 1y thoulder.
honizontal iine on the ‘ N
upper arm onginating ¢ r-,'/
at the apex of the right P
antenior aallary fold. Midscye, right and L
. 4 (M left: A short o N
Puatenior horzoatal s hornizontal line /* Ay
: -fq- : i A
seye, ng)ﬂ and kclt: A : f bisecting the Postenor R
short honzontal line i i diaponal gy
on the back originating b } ' lang(r)nark.‘cyc )
at the apex of the CoTT A
postenior axillary N 1&‘5
fold. v ‘
() -
Posterior vertical scye, ; " ‘ T u ‘
right and left: A short S pc: A short | \
vertical line on the e horizontal linz across L‘ | t (!
oo [\ ’ ,\\ the spine at the level " T i
back onginating at the RIS . Pt e )
, ( : of the Postenior ~
apex of the postenior . horizoatal e
anllary told. Py YLIDAIAL scye A
Lo landmarks. o
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LANDMARKS (cont'd)

Sellion: The puint of
the deepest
depression of the
nasal bones at the top
of the nose.

Stomion: The point
of intersection of the
upper and lower lip
in the midsagittal
plane when the
mouth is closed.

Styliva: The luwest
pcint of tire bottom
of the righ« radius.

Submandibular: The
juncture, in the
midsagittal plane, of
the lower jaw
{mandible) and the
neck.

Subnasale: The point ,//
of intersection of the ,/(/

philtrum (groove of |

the upper lip) with § )
the inferior surface of \t\‘&“

the nose, in the
mudsagittal plane.

Suprapatella: The
superior poiot of the
right patclla
(kneecap).

Suprasternale: The
inferior point of the
jugular notch of the
stcroum (top of the
breastbone),

Teath nb: The
inferior point of the
nght tenth rib
(bottom of the rib
cage).
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LANDMARKS (cont’d)

Thelion, right and
left: Center of the
nipple (on males).

Thigh point, top: The
highest point of the top
of the right thigh of a
seated subject.

Thumbtip: The tip of
the right thumb.

’

( Al f
Top of bead: The \ % . ¢
\

highest point on the N
head when the head s | N

)
in the Frankfort plane. ! 7"

,/j
1

Tragion, right and
left: The superior
point on the junctuic
of the cartilaginous
flap (tragus) of the
car with the head.

Trapczius poirt, right > L (
an’d |Cl~l: mc pOlnl at K s - ~"9\
which the anternior

border of the trapezius \;,//’1"\

muscle crosses the / ,
lateral neck landmark. N "

Trochanter: A point
at the center of the
lateral surface of the
greater trochanter of
the right femur of a

L sitling subject.

Trochanterion: The
superior point of-the
greater trochanter of
the nght femur of a
standing subjcct.




LANDMARKS (cont’d)

Waist (natural indenta-
tion): right and left;
anterior and posterior:
Level of the greatest
indentation on the right
side of the torso, or half
the distance between
10th rib and Hioaistale
if no single indentation
is clear.

Waist (omphalion):
right and left; anterior
and posterior: Level of
the center of the navel.

Wrist, dorsal: A line

across the back of the
right wyist originating at
the stylion landmark
and perpendicular to
the long axs of the

arm. ‘

Zygion, right and left:
The lateral point on
the zygomatic arch.

Zygofrontale, right and
left: The lateral point
of the frontal bone on
its zygomatic process.
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CHAPTER 1Y

MEASUREMENT DEFINITIONS AND ILLUSTRATIONS

One hundred thirty-two directly measured :nthropometric dimensions were
obtained in the survey using standard instruments and methods. Where there was a choice
ot right or left sides, all measurements were taken on the right side of the body unless
specified otherwise or, in rare cases, where an injury or anatomical abnormality made it
necessary to measure on the left side. All anthropometric dimensions were recorded to the
nearest millimeter and all results reported here for these dimensions are in millimeters.
This unit allows standard errors and regression coefficients to be specified with a greater
degree of precision than allowed on a centimeter scale. Weight is reported to the nearest
0.1 kilogram. _Detailed illustrated instructions for taking the measurements are included in
Clauser et al.” while detailed definitions are provided in Gordon et al.l

In addition to general anthropometric measurements, a series of 48 special head
and face dimensions were derived from the three dimensional coordipates of 26 landmarks
collected by means of a special automated headboard device.> These additional
measurements were collected because traditional amhropometric measures do not provide
enough detail in the head and face to maximally aid in the design of personal protective
equipment, such as helmets, goggles, and respirators. .

The sample size analyzed here includes 1774 males and 2208 females. With only
minor exceptions, all measurements are available for cach individual. The landmark
crinion cannot be located on bald subjects or those with receding hairlines. It is also not
recorded for individuals with hair transplants. This resulted in the loss of two female and
twenty-seven males for crinion - back of the head and crinion - top of the head.
Interpupillary breadths were also unavailable for three males and one female whose
morphology lay outside the range that could be measured by the device employed for this
purpose. These small numbers of missing values have no practical effect on the statistics
reported below.

For each standard measurement, the listing provides the variable number used to
identify variables in several of the tables below, the full measurement name, an eight
character abbreviated name also defined in the data base, and a brief definition. The data
base wvariable numbers are not consecutive because a series of anthropometric
measurements derived trom the original 132 standard anthropometric measurements are
not included in this report. Also in the Tables of this report variable number 1 corresponds
to subject ID numper.

A visual index of measurement illustrations is provided at the end of the chapter.




Standard Measurement Definitions

Note: All measurements refer to a subject’s right side unless otherwise specified.

2

13

14

ABDOMINAL EXTENSION DEPTH, SITTING (ABEXDPST) -- horizontal
distance between the anterior point of the abdomen and the back at the same level.

ACROMIAL HEIGHT (ACRHGHT) -- vertical distance between the standing
surface and the acromion landmark on the tip of the shoulder.

ACROMIAL HEIGHT, SITTING (ACRHTST) -- vertical distance between the
sitting surface and the acromion landmark on the tip of the shoulder.

ACROMION-RADIALE LENGTH (ACRDLGTH) -- distance between the
acromion landmark at the tip of the shoulder and the radiale landmark on the
elbow. :

ANKLE CIRCUMFERENCE (ANKLCIRC} - minimum horizontal circumference
of the ankle.

AXILLA HEIGHT (AXHGHT) -- vertical distance between the standing surface
and the axillary fold at the anterior scye landmark on the torso.

AXILLARY ARM CIRCUMFERENCE (AXARCIRC) -- circumferencr of the
upper arm perpendicular to its long axis at the level of the anterior scye landmark
on the upper arm.

BALL OF FOOT CIRCUMFERENCE (BLFTCIRC) -- circumference of the foot
at the first and fifth metatarsophalangeal protrusion landmarks on the ball of the
foot.

BALL OF FOOT LENGTH (BLFTLGTH) - distance between the back of the heel
and the landmark at the first metatarsophalangeal protrusion on the ball of the foot.

BIACROMIAL BREADTH (BCRMBDTH) -- posterior distance between the right
and left acromion landmarks on the tips of the shoulders.

BICEPS CIRCUMFERENCE, FLEXED (BICIRCFL) -- circumference of the
upper arm at the level of the flexed biceps point measured perpendicuiar to the long
axis of the arm.

BIDELTOID BREADTH (BIDL.BDTH) -- maximum horizontal dista 1ce between
the lateral margins of the upper arms on the deitoid muscles.

BIMALLEOLAR BREADTH (BIMBDTH)} - horizontal distance between the
maximum protrusions of the ankle bones {medial and lateral malleoli).
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15

16

17

18

19

BISPINOUS BREADTH (BISBDTH) -- distance between the right and left
anterior superior iliac spine landmarks.

BITRAGION CHIN ARC (BITCHARC) -- surface dis:ince between the right and
left tragion landmarks on the cartilaginous flaps in fror. of the eurholes across the
chin landmark.

BITRAGION CORONAL ARC (BITCOARC) -- surface C.stance between the
right and left tragion landmarks on the cartilaginous flaps in front of the earholes
across the top of the head in a coronal nlane.

BITRAGION CRINION ARC (BITCRARC) -- surface distance between the right
and left tragion landmarks on the cartilaginous flaps in front of the earholes across
the top of the forehead at the crinion landmark.

BITRAGION FRONTAL ARC (BITFRARC) -- surfice distance between the right
and left tragion landmarks on the cartilaginous flaps in front of the earholes across
the forehead just above the ridges of the eyebrows.

BITRAGION SUBMANDIBULAR ARC (BITSMARC) -- surface distarce
between the right and left tragion landmarks on the cartilaginous flaps in front of
the earholes across the submandibular landmark at the juncture of the jaw and the
neck.

BITRAGION SUBNASALE ARCBITSNARC) -- surface distance between the
right and left tragion landmarxs on the cartilaginous flaps in tfront of the earholes
across the subnasal iandmark.

BIZYGOMATIC BREADTH (BIZBDTH) -- maximum horizontal breadth of the
face between the zygomatic arches.

BUSTPOINT/THELION-BUSTPOINT/THELION BREADTH (BSTPTBR) --
distance between the right and leit bustpoints on women and the center of the
nipples (thelion) on men.

BUTTOCK CIRCUMFERENCE (BUTTCIRC) -- horizontal circumference of the
trunk at the level of the maximum protrusion of the right buttock.

BUTTOCK DEPTH (BUTTDPTH) -- horizontal depth of the torso at the level of
the maximum protrusion of the right buttock.

BUTTOCK HEIGHT (BUTTHGHT) -- vertical distance between the standing
surface and the level of the maximum protrusion of the right buttock.

BUTTOCK-KNEE LENGTH (BUTTKLTH) -- horizontal distance between the
most posterior point on cither buttock and the front of the knee a5 measured in the
sitting position with the knees flexed 90 Jdegrecs.
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28

30

3

32

33

34

35

37

38

39

40

41

BUTTOCK-POPLITEAL LENGTH (BUTTPLTH) -- horizontal distance between
the most posterior point on the buttock and the back of the knee as measured in the
sitting position with the knees flexed 90 degrees.

CALF CIRCUMFERENCE (CALFCIRC) -- maximum horizontal circumference of
the calf.

CALF HEIGHT (CALFHGHT) -- vertical distance between the standing surface
and the level of the maximum circumference of the calf.

CERVICALE HEIGHT (CERVHGHT) -- vertical distance between the standing
surface and the cervicale landmark at the back of the neck at the maximum point of
quiet respiration.

CERVICALE HEIGHT SITTING (CERVSIT) -- vertical distance between the
sitting surface and the cervicale landmark on the back of the neck.

CHEST BREADTH (CHSTBDTH) -- maximum horizontal breadth of chest at the
level of the bustpoint/thelion.

CHEST CIRCUMFERENCE (CHSTCIRC) -- maximum horizontal circumference
of the chest t the level of the bustpoint on women and the nipple on men.

CHEST CIRCUMFERENCE AT SCYE (CHSTCISC) - horizontal circum{erence
of the chest at the level of the scye-at-midspine-landmark.

CHEST CIRCUMFERENCE BELOW BREAST (CHSTCB) - horizontal
circumference of the chest at the level of the inferior juncture of the lowest breast
with the rib c2ge.

CHEST DEPTH (CHSTDPTH) -- horizontal distance between the chest at the
level of the bustpoint on women and the nipple on men, and the back at the same
level.

CHEST HEIGHT (CHSTHGHT) -- vertical distance between the standing surface
and the bustpoint on wornen and the nipple on men.

CROTCH HEIGHT (CRCHHGHT) -- vertical distance between the standing
surface and the crotch.

CROTCH LENGTH, NATURAL INDENTATION (CRCHLNI) -- distance
through the crotch between the abdomen and back at the level of the natural
indentation of the waist.

CROTCH LENGTH, OMPHALION (CRHLOM) -- distance through the crotch
between the navel and the same level on the back a: the waist.
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42

43

44

45

46

47

48

49

50

53

54

55

56

CROTCH LENGTH, POSTERIOR NATURAL INDENTATION (CRLPNI) --
surface distance from the crotch at the inner thigh landmark to the back of the waist
at the natural indentation of the wais®.

CROTCH LENGTH, POSTERIOR OMPHALION (CRLPOM) -- surface distance
from the crotch at the inner thigh landmark to the back of thz waist at the
omphalion.

EAR BREADTH (EARBDTH) -- maximum breadth of the ear perpendicular to its
long axis.

EAR LENGTH (EARLGTH) - length of the ear from its highest to lowest points
on a line parallel to the long axis of the ear.

EAR LENGTH ABOVE TRAGICN (EARLTRAG) -- distance from the tragion
landmark to the top of the ear on a line parallel to the long axis of the ear.

EAR PROTRUSION (EARPROT) -- hor.zontal distance between the mastoid
process and the outside edge of the right ear at its most lateral point.

ELBOW CIRCUMFERENCE (ELBCIRC) -- circumference of the elbow in a
plane perpendicular to the long axis of the arm at the level of the olecranon center
landmark, with the arm straight at the side.

ELBOW REST HEIGHT (ELRHGHT) -- vertical distance between the sitting
surface and the olecranon landmark on the bottom of the flexed elbow.

EYE HEIGHT, SITTING (EYEHTSIT) -- vertical distance between the sitting
surface and the ectocanthus landmark at the outer corner of the eye.

FOOT BREADTH, HORIZONTAL (FTBRHOR) -- maximum breadth of the
standing foot between the first and fitth metatarsophalangeal landmark protrusions.

FOOT LENGTH (FOOTLGTH) -- distance between the tip of the longest tce and
the back of the heel of the standing fuot.

FOREARM CIRCUMFERENCE, FLEXED (FCIRCFL) -- maximum
circumference of the forearm just above the elbow crease with the elbow flexed 90
degrees and the fist tightly clenched.

FOREARM-FOREARM BREADTH (FORFORBR) -- maximum horizontal
distance between the lateral right forearm and the lateral left forearm.

FOREARM-HAND LENGTH (FORHDLG) -- horizonta: distance between the
back of the tip of the elbow to the tip of the middle finger.

FUNCTIONAL LEG LENGTH (FNCLEGLG) -- straight-line distance when
seated with the leg extended between the footrest surface of the anthropometer and
the posterior surface of the body.
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57
58
59
60
61
62

63

65
66
67
68

69

70

N

72

GLUTEAL FURROW HEIGHT (GLUFURHT) -- vertical distance between the
standing surface and the lowest point of the gluteal furrow under the buttocks.

HAND BREADTH (HANDBRTH) -- maximum breadth of the hand between the
metacarpal Il and metacarpal V.

HAND CIRCUMFERENCE (HANDCIRC) -- maximum circumference of the
hand at the level of the metacarpal 1l and metacarpal V.

HAND LENGTH (HANDLGTH) -- length of the hand between the stylion
landmark on the wrist and the tip of the middle finger.

HEAD BREADTH (HEADBRTH) -- maximum horizontal breadth of the head
above the attachment of the ears.

HEAD CIRCUMFERENCE (HEADCIRC) -- maximum circumference of the head
above the atiachment of the ears and ridges of the eyebrows.

HEAD LENGTH (HEADLGTH) -- maximum iength of the head between the
glabella landmark and the opisthocranion.

HEEL ANKLE CIRCUMFERF*"” 2 (HLAKCIRC) -- circumference of the foot at
the arx!e and base of the heel.

HEEL BREADTH (HE%LBRTH) -- maximum horizontal distance between the
medial and lateral poiuts on the inside and outside of the heel.

HIP BREADTH (HIPBRTH) -- horizontal distance between the hips'at the ievel of
the lateral buttock landmarks.

HIP BREADTH, SITTING (HIPBRSIT) -- lateral maximum hip or thigh breadth
(whichever is broader) of a seated subject.

ILIOCRISTALE HEIGHT (AlLCRSlT) -- vertical distance between the standing
surface and the iliocristale landmark on the top of the right side of the pelvis.

INTERPUPILLARY BREADTH (INPUPBTH) -- horizontal distance between the
two pupils.

INTERSCYE 1 (INSCYE1) -- distance acrnss the back between the top of the right
and left axillary fold posterior landmarks.

INTERSCYE 2 (INSCYE?2) -- distance between the right and left midscye
landmarks on the back.

KNEE CIRCUMFERENCE (KNEECIRC) -- harizontal circumference of the knee .

at the level of the midpatella landmark (standing).
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74

76

77

73

79

80

81

84

KNEE HEIGHT, MIDPATELLA (KNEEHTMP) -- vertical distance between the
standing surface and the center of the knee at the midpatella landmark.

KNEE HEIGHT, SITTING (KNEEHTSI) -- vertical distance between the bottom
of the planted foot and the suprapateliar landmark (located standing).

LATERAL FEMORAL EPICONDYLE HEIGHT (LATFEMEP) -- vertical
distance between the standing surface and the lateral femoral epicondyle landmark
on the outside of the knee.

ILATERAL MALLEOLUS HEIGHT (LATMALHT) -- vertical distance between
the standing surface and the lateral malleolus on the outside of the ankle.

LOWER THIGH CIRCUMFcRENCE (LOTHCIRC) -- horizontal circumference
of the thigh at the level of the supranatellar landmark.

MENTON-SELLION LENGTH (MENSELL) -- distance between the inenton
landmark at the bottom of the chin and the sellion landmark at the deepest point of
the nasal root depression.

MIDSHOULDER HEIGHT, SITTING (MSHTSIT) -- vertical distance between
the sitting surface and the midshoulder landmark at the middle of the top of the
right shoulder.

NECK-BUSTPOINT/THELION LENGTH (NKBPLGTH) -- distance between the
trapezius landmark at the side of the neck and the bustpoint landmark on women or
the nipple on men.

NECK CIRCUMFERENCE (NECKCIRC) -- circumference of the neck at the
infrathyroid landmark (Adam’s apple).

NECK CIRCUMFERENCE, BASE (NECKCRCB) -- circumference at the base of
the neck at the antertor and lateral neck landmarks.

NECK HEIGHT, LATERAL (NECKHTLT) -- vertical distance between the
standing surface and the trapezius landmark at the side of the neck.

OVERHEAD FINGERTIP REACH (OVHDFTRH) -- vertical distance between
the standing surface and the tip of the right middle finger when the arms are
extended overhead and measured against the wall. The subject stands facing a wall-
mounted scale with both arms extended overhead parallel to cach other. The toes
are 20 cm from the wall and the feet are about 10 cm apart. The palms of the hands
rest on the scale. A block is placed against the tip of the finger te establish the
measurement. ‘The measurement is taken at the maximum point of quiet
respiration.
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86

87
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OVERHEAD FINGERTIP REACH, EXTENDED (OVHFRHE) -- vertical
distance between the standing surtace and the tip of the right middle finger when
the arm is extended overhead as high as possible and measured on a wall scale. The
subject stands on his/her toes facing a wall-mounted scale with both arms parallel
and extended overhead as far as possible. The toes are 20 cm from the wall and the
feet are about 10 cm apart. The palms of the hands rest on the scale. A block is
plactd against the tip of the finger to establish *he measurement. The m¢asurement
is taken at the maximum point of quiet respiration.

OVERHEAD FINGERTIP REACH, SITTING (OVHDFRHS) -- vertical distance
between the sitting surface and the tip of the right middle finger when the arm is
extended overhead and is measured on a wall scale. The subject sits erect on a flat
surface 40.8 cm high with the right arm and hand extended vertically overhead as far
as possible and the palm of the hand facing forward Neither the back ner the arm
touches the wall. A block placed at the tip of the middle finger spans the distance
between the finger and the wall and establishes the mcasurement on the wall scale.
The measvrement is made at the maximum point of quiet respiration.

POPLITEAL HEIGHT (POPHGHT) -- vertical distance between the foot surface
and the bottom of the thigh just behind the knee. The subject is seated with the
thighs parallel and the knees flexed 90 degrees.

RADIALE-STYLION LENGTH (RASTL) -- distance between the radiale
landmark on the elbow and the stylion landmark on the wrist.

SCYE CIRCUMFERENCE (SCYECIRC) - vertical circumference of the upper
arm measured with a tape through the armpit passing over the acromion landmark
on the tip of the skoulder.

SCYE DEPTH (SCYEDPTH) -- vertical surface distance along the spine between
the cervicale landmark on the back of the neck and the scye level at midspine
landmark.

SHOULDER CIRCUMFERENCE (SHOUCIRC) -- horizontal circumference of
thie shoulders at the level of the maximum protrusion of the right deltoid muscle.

SHOULDER-EL.BOW LENGTH (SHOUELLT) -- distance between the acromion
landmark on the tip of the shoulder and the olecranon landmark at the bottom of
the elbow flexed to 90 degrees.

SHOULDER LENGTH (SHOULGTH) -- surface distance between the trapezius
landmark at the base of the neck and the acromion landmark at the iip of the
shoulder.

SITTING HEIGHT (SITTHGHT) -- vertical distance between the sitting surface
and the top of the head.
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108
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SLEEVE LENGTH: SPINE-ELBOW (SLLSPEL) -- horizontal surface distance
between the midspine landmark and the olecranon,center landmark at the tip of the
raised elbow. The measurement is made while the arms are held in a horizontal
position, parallei to the standing surface, and joined by bringing the fists together.

SLEEVE LENGTH: SPINE-SCYE (SLLSPSC) -- horizontal surface distance
between the midspine landmark and the posterior-diagonal-scye landmarik at the
back of the raised right arm. The measurement is made while the arms are held in a
horizontal position, parallel to the standing surface, and joined by bringing the fists
together.

SLEEVE LENGTH: SPINE-WRIST (SLLSPWR) -- horizontal surface distance
from the midspine landmark, acress the olecranon, center landmark at the tip of the
elbow to the dorsal wrist landmark. The measurement is made while the arms are
neld in a horizontal position, parallel to the standing surface, and joined by bringing
the fists together,

SLEEVE OUTSEAM (SLOUTSM) -- straight-line distance between the acromion
landmark on the tip ui the shoulder and the stylion landmark on the wrist, measured
with the arm is straight at the side and the palm facing forward.

SPAN (SPAN) -- distance between the tips of the third fingers when the arms are
stretched out horizontally.

STATURE (STATURE) -- vertical distance between the standing surface and the
top of the head.

STRAP LENGTH (STRLGTH) -- distance from the right bustpoint for women or
nipple for men over the back of the neck to the left bustpoint or nipple. The tape
passes over the left and right laieral neck landmarks.

SUPRASTERNALE HEIGHT (SUPSTRHT) -- vertical distance between the

standing surface and the suprasternale landmark at the lowest point of the notch at Ko

the top of the breastbone. g 1
|

TENTH RIB HEICHT (TENRIBHT) -- vertical distance betvieen the standing
surface and the tenth rib landmark at the bottom of the ribcage.

THIGH CIRCUMFERENCE (THGHCIRC) -- circumference of the thigh at ity
juncture with the buttock.

THIGH CLEARANCE (THGHCL R) -- vertical distance between the sittirg
surface and the highest point on the top of the thigh.

THUMB BREADTH (THUMBBR) -- maximum breadth of the thumb ‘ 
perpendicular to its long axis. N
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113

114
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THUMBTIP REACH (THMBTPR) - horizontal distance between a wall against
which the posterior trunk is in contact and the tip of the thumb when the arm is
extended anteriorly.

TROCHANTERION™ HEIGHT (TROCHHT) -- vertical distance between the
standing surface and the trochanterion landmark on the hip.
In earlier publications also referred to as trochanteric height.

VERTICAL TRUNK CIRCUMFERENCE (ASSC)' * (VTCASCC) -- vertical

circumnference of the trunk on a line passing between the buttocks and through the

greteh, and over the bustpoint/thelion landmark and midshoulder landmark.
Aircrew Standardization Committee

VERTICAL TRUNK CIRCUMFERENCE (USA)""* (VTCUSA) -- vertical
circumference of the trunk on a line passing over the maximum protrusion of the
Li tocks and through the crotch, and over the bustpoint/thelion landmark and
midshoulder landmark. :

U. S. Army.

WAIST BACK LENGTH, NATURAL INDENTATION (WSTBLNI) -- vertical
surface distance hetween the cervicale landmark on the back of the neck and the
posterior waist (natural indentation) landmark.

WAIST BACK LENGTH, OMPHALION (WSTBLOM) -- vertical surface distance
between the cervicale landmark on the back of the neck and the posterior waist
landmark at the level of the navel (omphalion).

WAIST BREADTH (WSTBRTH) -- horizontal breadth of the waist at the level of
the center of the navel (omphalion).

WAIST CIRCUMFERENCE, NATURAL INDENTATION (WSCIRCNI) --
horizonta! circumference at the level of the natural indengati(m.

WAIST CIRCUMFERENCE, OMPHALION (WSCIRCOM) -- horizontal distanc2
around the torso at the level of the center of the navel (omphalion).

WAIST DEPTH (WSTDEPTIH) -- harizontal distance between the front and back
of the waist at the level of the center of the navel (omphalion).

WAIST FRONMT LENGTH, NATURAL INDENTATION (WSTFRLNI) -- vertical
surface distance between the anterior neck landmark at the front of the neck and
the anterior waist (natural indentation).

WAIST FRONT I ENGTH, OMPHALION (WSTFRLOM) -- vertical surface
distance hetween the anterior neck landmark and center of the navel (omphalion).

WAIST HEIGHT, NATURAL INDENTATION (WSTHNTI) -- vertical distance
hetween the standing surface and the right natural indentation of the waist.
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126

WAIST HEIGHT, OMPHALION (WSTHOM) - veruical distance between the
standing surface und the center of the navel (omphalivn).

WAIST HEIGHT, SITTING, NATURAL INDENTATION (WSHTSTNI) --
vertical distance between the sitting surface and the right natural indentation of the
walst.

WAIST HEIGHT, SITTING, OMPHALION (WSHTSTOM) -- vertical distance
between the sitting surface and the center of the navel (cmphalion).

WAIST-HIP LENGTH (WSH!PLTH) -- vertical distance between the right waist
landmark (omphalion) and the right lateral buttock landmark.

WAIST, NATURAL INDENTATION -- WAIST, OMPHALION LENGTH
(WSNIWSOM) -- surface distance between the right waist (natural indentation)
landmark and the rignt waist (omphalion) landmark.

WEIGHT (WEIGHT) -- in centigrams (.1 kilograms).

WRIST- CENTER OF GRIP LE.\'GTH (WRCTRGRL) -- horizontal distance
between the stylion landmaik on the wrist and the hole in the center of the gripped
dowel.

WRIST CIRCUMFERENCE (WRISCIRC) -- circumference of the wrist
perpendicular to the long axs of the forearm at the level of the stylion landmark.

W RIST HEIGHT (WRISHGHT) -- vertical distance hetweea the standing surface
and the stylion landmark on the wrist when the arm is held straight down.

WRIST HEIGHT, SITTING (WRISHTST) -- vertical distance hetween the floor
and the stylion landmark on the wrist of a seated subject when the arm is held
straight down. Note that the scat height used in measuring was 45.5 cm.

WRIST-INDEX FINGER LENGTH (WRINFNGL) -- distance hetween the stylion
on the wrist and the tip of the index finger.

WRIST-THUMBTIP LENGTH (WRTHLGTH) -- horizontal distance between the
stylion tandmark on the wrist and the tip of the thumb.

WRIST-WALL TENGTH (WRWALILN) -- horizontal distance between a wall
against which the postenior trunk is in contact and the styhon landmark on the wrist
when the arm is extended anteriorly and the buttocks and shoulders are against the
wall.

WRIST-WALL LENGTH, EXTENDED (WRWALLEX) -- herizontal distance
netween a wall against which the posterior trunk is ir contact and the stylion
iandmark on the wrist wher the arni is maximally extended and the shoulder is
rotated forward and the buttocks and shoulders are against the wall.
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216

217

218

The following measurements are illustrated in Visual Index - Head Measurements,
pp. 50-51.

BIGONIAL BREADTH HEADBOARD (BIGBRH) -- straight-line distance
between the right and left gonion landma.ks at the corners of the jaw.

BIINFRAORBITAL BREADTH HEADBOARD (BIINORBH) -- straight-line
distance between the right and left infraorbitale landmarks at the bottom edge of
the bony eye socket.

BIOCULAR BREADTH MAXIMUM HEADBOARD (BIOCBRMH) -- straight-
line distance between the right and left ectoorbitale landmarks behind each boay
eye socket at the level of the outer corners of the eyes. .

BITRAGION BREADTH HEADBOARD {(BTRBDTHH) - straight-line distance
between the right and left tragion landmarks on the cartilaginous flaps in front of
each earhole.

BIZYGOMATIC BREADTH HEADBOARD (BIZYBRH) - straight-line distance
between the right and left zygion landmarks at the most lateral point of the
zygomatic arch.

LIP LENGTH HEADBOARD (LIPLGTHH) - straight-line distance between the
right and left cheilion landmarks at the corners of the mouth.

MAXIMUM FRONTAL BREADTH HEADBOARD (MAXFRONH) -- straight-
line distance between the right and left zygofrontale landmarks at the upper margins
of each bony eye socket.

MENTON-CRINION LENGTH HEADBOARD (MENCRINH) -- straight-line
distance between the menton landmark at the bottom of the chin and the crinion
landmark at the lowest point of the hairline on the forehead.

MENTON-SELLION LENGTH HEADBOARD (MENSELLH) - straight-line
distance between the menton landmark and the sellion landmark at the deepest
point of the nasal root depression.

MENTON-SUBNASALE LENGTH HEADBOARD (MENSUBNH) -- straight-
line distance between the menton landmark on the bottom of the chin and the
subnasale landmark under the nose.

MINIMUM FRONTAL BREADTH HEADBOARD (MINFRONH) -- straight-
Jine distance hetween the right and left frontotemporale landmarks on the temporal
crests on each side of the forehead.

NOSE BREADTH HEADBOARD (NOSEBRTH) -- straight-line distance between -
right and left alare landmarks on the sides of the nostrils,
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234

NOSE PROTRUSION HEADBOARD (NOSEPRH) - straight-line distance
between the pronasale landmark on the tip of the nose and the subnasale landmark
under the nose.

SUBNASALE-St:LLION HEADBOARD (SBNSSELH) -- straight-line distance
between the subnasale landmark under the nose and the sellion landmark at the
deepest point of the nasal root depression.

ALARE TO BACK Or HEAD (ALARED) - horizonal disiancs brtween the alare
landmark on the side of the nostrils and the vertical plane tangent to the back of the
head.

ALARE TO TOP OF HEAD (ALARET) -- vertical distance between the alare
landmark at the side of the nostril and the horizontal plane tangent to the top of the
head.

CHEILION TO BACK OF HEAD (CHEILB) -- horizontal distance between the
cheilion landmark at thie corner of the mouth and the vertical piane tangent to the
back of the head.

CHEILION TO TOP OF HEAD (CHEILT) -- vertical distance between the
cheilion landmark at the corner of the mouth and the horizontal plane tangent to
the top of the head.

CRINION TO BATK OF HEAD (CRINIONX) -- horizontal distance be.uween the
crinion landmark at the lowest point cf the hairline on the forehead and the vertical
piane tangent to the back of the head.

CRINION TO TOP OF HEAD (CRINIONZ) -- vertical distance between the
crinion landmark at the lowest point of the hairline on the forehead and the
horizontal plane tangent to the top of the head.

ECTOORBITALE TO BACK OF HEAD (ECTORBB) -- horizontal distance
between the ectoorbitale landmark behind the bony eve socket at the level of the
outer corner of the eye and the vertical plane tangent to the back of the head.

ECTOORBITALE TO TOP OF HEAD (ECTORDBT) -- vertical distance between
the ectoorbitate landmark behind the bony eve socket at the level of the outer
corner of the eye and the honizontal plane tangent ta the top of the head.

FRONTOTEMPORALE TO BACK OF HEAD (FRTEMB) -- horizontal distance
hetween the frontotemporale landmark on the temporal crest at the side of the
forchead and the vertical plane tangent wo the back of the head.

FRONTOTEMPORALE TOTOP CF HEAD (FRTEMT) -- vertical distance

between the frontotemporale landmark on the temporal crest at the side of the
forchead and the horizontal plane tangent to the top of the head.
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GLABELLA TO BACK OF HEAD (GLABX) -- horizontal distance between the
glabella landmark on the forehead between the eyebrows and the vertical plane
tangent to the back of the head.

GLABELLA TO TOP OF HEAD (GLABZ) -- vertical distunce between the
glabella landmark on the forehead between the eyebrows and the horizontal plane
tangent to the top of the head.

GONION TO BACK OF HEAD (GONIONB) -- horizontal distance between the
gonion landmark at the corner of the jaw and the vertical plane tangent to the back
of the head.

GONION TO TOP OF HEAD (GONIONT) -- vertical distance between the
gonion landmark at the corner of the jaw and the horizontal plane tangent to the top
of the head.

INFRAORBITALE TO BACK OF HEAD (INFORBB) -- horizontal distance
between the infraorbitale landmark on the bony eye socket under the eye and the
vertical plane tangent to the back of the head.

INFRAORBITALE TO TOP OF HEAD (INFORBT) -- vertical distance between
the infraorbitaie landmark on the bony eye socket under the eye and the horizontal
plane tangent to the top of the head.

MENTON TO BACK OF HEAD (MENTONX) -- horizontal distance between the
menton landmark at the bottom of the chin and the vertical plane tangent io the
back of the head.

MENTON TO TOP OF HEAD (MENTONZ) -- vertical distance betwecn the
menton landmark at the bottom of the chin and the horizontal plane tangent to the
top of the head.

PROMENTON TO BACK OF HEAD (PMENTONX) -- horizontal distance
between the promenton landmark at the chin and the vertical plane tangent to the
back of the head.

PROMENTON TO TOP OF ' ZZAD (PMENTONZ) - vertical distance between
the promenton landmark at the chin and the horizontal plane tangent to the top of
the head.

PRONASALE TO BACK OF HEAD (PRONASX) -- horizontal distance between
the pronasale landmark at the tip of the nose and the vertical plane tangcm to the
back of the head.

PRONASALE TO TOP OF HEAD (PRONASZ) -- vertical distance between the
pronasale landmark at the tip of the nose and the horizontal plane tangent to the
top of the head. :
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SELLION TO BACK OF HEAD (SELLIONX) - horizontal distance between the
sellion landmark at the deepest point of the nasal root depression and the vertical
plane tangent to the back of the head.

SELL.ON TO TOP OF HEAD (SELLIONZ) -- vertical distance between the
sellion iandmark at the deepest point of the nasal root depression and the
horizontal plane tangent to the top of the head.

STOMION TO BACK OF HEAD (STOMIONX) -- horizontal aistance between
the stomion landmark at the center of the mouth in the midsagittal plane and the
vertical plane tangent to the back of the head.

STOMION TO TOP OF HEAD (STOMIONZ) -- vertical distance between the
stomion landmark at the center of the mouth in the midsagittal plane and the
horizontal plane tangent to the top of the head.

SUBNASALE TO BACK OF HEAD (SUBNASX) -- horizontal distance between
the subnasale landmark under the nose and the vertical plane tangent to the back of
the head.

SUBNASALE TO TOP OF HEAD (SUBNASZ) -- vertical distance between the
subnasale landmark under the nose and the horizontal plane tangent to the top of
the head.

TRAGION TO BACK OF HEAD (TRAGB) -- horizontal distance between the
tragion landmark on the cartilaginous flap in front of the earhole and the vertical
plane tangent to the back of the head.

TRAGION TO TOP OF HEAD (TRAGT) -- vertical distance between the tragion
landmark on the cartlaginous flap in front of the earhole and the horizontal plane
tangent o the top of the head.

ZYGION TO BACK OF HEAD (ZYGB) -- horizontal distance between the zygion
landmark on the 7vpomatic arch and the verticai plane tangent to the back of the
head.

ZYGION TO TOP OF HEAD (ZYGT) -- vertical distance between the zygion
landmark on the ~veomatic arch and the horizontal plane tangent to the top of the
head,

ZYGOFRONTALE TO BACK OF HEAD (ZYFRB) -- horizontal distance

between the zvpofrontale landmark at the upper margin of the bony eye socket and
the vertical plune tanyent to the back of the head.

ZYGOFRONTALE TO TOP OF HEAD (Z.YFRT) -- vertical distance between the
rygofrontale landmark at the upper margin of the bony eye socket and the
horizontal plane tangent to the top of the head.

AGE (AGE) -- chronological age in years.
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VISUAL INDEX - THE STANDARD MEASUREMENTS

(2)

STTTING /167) HIP BREADTH STTTING
(4) ACROMIAL HEIGHT STTTING © \74) KEE HEIGHT STTTING
(11) BIACROMIAL BREADTH (79) MIDSHOULDER HEIGHT SITTING
(12) BICELTOID DREADH ' (87) FOPLITEAL HEIGHT
(27) BUTTOCK-KNEE LENGTH (94) SITTDNG HEIGHT
(28) BUTTOCX-FOPLITEZAL LENGTH (10%) THIGH CLEARANCE
(32) CERVICALE HEIGHT STTTING (121) MAIST HEIGHT SITTING,
(49) EIBOW REST HEIGHT NATURAL INUENTATION
(50) EYE HEIGHT SITTING (122) WAIST HEIGHT STTTLG,

(54) PORERRM-FUREARM EREADTH OCHALION
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VISUAL INDEX - THE STANDARD MEASUREMENTS (Continued)

(7) AXILIA HEIGHT

(23) BUSTEOINT/THELICH-BUSTFOINT,/THELICH EREAITH
(34) OVERMEAD FIMNGERTIP REACH

(85) OVERHEAD FINGERTTP REACH EXTENTED

(86) OVERHEAD FINGERTTP REACH SITTING

(102) SUPRASTERMALE HEIGHT

(119) WAIST HEIGHT, NATURAL INDENTATION

(120) WAIST HEIGHT, CMIMALICN

(129) WRIST HEIGHT SITTING

11



VISUAL INDEX - THE STANDARD MEASUREMENTS (Continued)

(3) ACROMIAL HEIGHT
(15) BISPINOUS BREADTH
(38) CHEST HEIGHT
(40) CROTCH LENGTH, NATURAL INDENTATION
(41) CROTCH LENGTH, QMPHALION
(63) ILIOCRISTALE HEIGHT
(75) LATERAL FEMORAL EPTICONDYIE HEIGHT
(80) NECK~BUSTPOLNT/THELION LENGTH
(50) SCYE DEPTH
(100) STATURE
(103) TENTH RIB HEIGHT
(113) WAIST BREADTH
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VISUAL INDEX - THE STANDARD MEASUREMENTS (Centinued)

(25) BUTTOCK CEFTH
(30) CALF HEIGHT

(31) CERVICALE HEIGHT
(33) CHEST EREADTH

(37)
(71)
(73)
(93)
(101)
(111)
(112)
(116)
(117)
(118)
(124)

(128)

QXEST DEPTH

DITERSCYE 2

KJEZE HEIGHT MIDPATELIA

SHOULLER IENGTH

STRAP LENGTH

WAIST BACK LENGTH, NATURAL INDENTATION
WAIST BACK LENGTH, CMPHALION

WAIST DEPTH

WAIST FRONT LENGTH, NATURAL INDENTATICN
WAIST FRONT LENGTH, OMPHALION

WAIST, NATURAL INDENTATION - WAIST,
CMPHALION LENGTH

WRIST HEIGHT
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VISUAL INDEX - THE STANDARD MEASUREMENTS (Continued)

(72) KNEE CIRCUMFERENCE
(77) LOWER THIGH CIRCUMFERENCE

(81) NECK CIRCUMFERENCE

(82) NECK CI.CUMFERENCE EBASE *

(88) RADIALE-STYLION (ENGTH C i

(89) SCYE CTROUMFERENCE 3

(91) SHOULDER CTRCUMFERENCE E
(8) AXTLLARY ARM CIRCUMFERENCE (98) SLEEVE OUTSEAM
(24) BUTTOUX CTIRCUMFERFNCE (104) THIGH CTROMFERENCE
(29) CALF CIRCRMIERENCE (114) WAIST CTROMFERBNCE,
(35) CHEST CTRCUMFERENCE AT SCYE NATURAL INDENTATION
(34) CIEST CIRCUMFERENCE (115) WAIST CIRCUMFERENCE,
(36) CHEST CIRCUMFERENCE BELOW EREAST CMPHALICN 2
(48) ELBOW CIRCUMFERENCE (127) WRIST CIRCUMFETRENCE
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VISUAL INDEX - THE STANDARD MEASUREMENTS (Continued)

(12) BICEPS CICUMFERENCE FLEXED

(26) BUTTOCK HEIGIT

(39) CROTCH HEIGHT

(53) FCREARM CIRCUMFERENCE FLEXED

(55) FOREARM-HAND LENGTH

(57) GLUTEAL FURROW HEIGHT

(70) INTERSCYE 1

(83) NECK HEIGHT LATERAL

(92) SHOULDER-ELBOW LENCTH

(108) TROCHANTERION HEIGHT

(109) VERTICAL TRUNK CTRCUMFERENCE (ASCC)
(110) VERTICAL TRNK CTRCUMFERENCE (USA)
(123) WAIST-HIP LENGTH




VISUAL INDEX - THE STANDARD MEASUREMENTS (Continued)

(5) ACROMICN-RADIALE LENGTH
(42) CROTCH LENGTH POSTERICR,
NATURAL INDENTATTON
(43) CROTCH IENGTH POSTERICR, CMPHALION
(56) FUNCTICNAL LEG LENGTH
(66) HIP BREADTH
(99) SPAN
(107) THIMETTP REACH
(132) WRIST-WALL LENGTH
(133) WRIST-WALL LENGTH EXTENDED




VISUAL INDEX - THE STANDARD MEASUREMENTS (Continued)

47

(45) EAR LENGTH
(46) EAR LENGTH ABOVE TRAGION
(47) EAR PROTRUSION

(55) SLEEVE LENGTH: SPINE-ELBOW
(96) SLELVE LENGTH: SPINE~SCYE
(37) SLEEVE LENCTH: SPINE-WRIST




VISUAL INDEX - THE STANDARD MEASUREMENTS (Continued)

(16)
(17)
(18)
(19)
(20)
(21)
(22)
{44)
(61}
(62)
(63)
(69)
(78)
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BITRAGION CHIN ARC
BITRAGION COROMNAL ARC
BITRAGICN CRINICH ARC
BITRAGION FRONTAL ARC
BITRAGICN SUBMANDIBULAR ARC
BITRAGION SURNASALE ARC
BIZYGOMATIC EREADTH
EAR BREADTH

HIAD BREADTH

HEAD CIRCOMFERENCE

READ LENGTH
INTERFUPTLIARY BREADTH
MENTOWN-SEILION 1ENGTH



VISUAL INDEX - THE STANDARD MEASUREMENTS (Continued)

NYIE CTROUMFIRR

BALL CF FOOT CTRCUMFTRENCE
BALL CF FOOT IL.I20GTH
BIMALIEOLAR HREADTH

FOUT ERFADTH HCRIZQITAL
FOOT LENCTH

HAND BREADTH

HAND CTRCOMFTIRIIE

HAND 1EGTH

HEEL ANKIE CIRCMFERDNCE
HYXEI, DREADTH

LATERAL M2 T IFOUTLS HEIGHT
THMB IRFADTH

WRIST-CENTER OF GRIF LINGTH
WRIST-INDEX FIMCER LEMCTH
WRIST-THIMUTIP [FNGTH




(236)
(218)
(240)

ALARE TO BALK CF HEAD
BIGONTIAL HREAITH HEAZBOARD

BIDNFRAWOEBITALE EREADTH HEADBCARD
BIOCULAR EREADTH MMM HEADDCARD
BITRAGIN DRFADTI HEADDCARD
BIZYGMATIC IRIADTH HEADDOARD

CETLION TO PACK CF HFAD
CRINICH TO RACK OF VFAD

ECTOCRBITAIE TO BACK CF WFAD
FRUTOTEMPCRALE TO DACK CF HEAD

GILAIFIIA TO BACK OF HEMAD
GCHICN TO PACX OF HEAD

INFRACRAITALE TO BACK CF HEAD

LIP LENGTH HEADBCARD

MAXIMM FRONTAL EREADTH
HEADBOARD

MENTCN TO BACK OF HEAD
MDNIMM FRONTAL BREADTH
HEADBOARD

MOGE BREADTH

PROMASALE TO BACK CF HEAD
SELLION TO BACK OF hEAD
STCHION TO BACKX OF HEAD
SURMSALE TO BACK OF HEAD
TRAGION TO BACK OF HEAD
ZYGION TO BACK OF HEAD
ZYGOTRONTALE TO BACK CF HEAD




VISUAL INDEX - HEAD MEAS REMENTS (Continued)

(241)
(219)
(220)

JIAPE TO TCP CF HFAD

QIEILIQ TO TCP CF HEAD
CRINIGH TO TCP CF HEAD
ECTOCRBITAIE 7O TCP CF HEAD
FRONTOTIMICRALE TO TCP OF HEAD

71 GLAIEIIA TO TCP OF HFAD

GOAION TO TCP CP FEAD
INFRACRBITALE TO TCP CP HEAD
MENTOH-CRINION LE2GTH HEADBOARD
MIDTTON-GEILICN LEICTH HEADICARD

(221)

(243)
(224)
(247)
(249)
(251)
(225)
(253)
(255)
(257)
(259)

MEMNTON-SUTRASALE  LEMGTH
HEADBCARD

MENTON TO TCP CF HEAD

NOGE PROTIUGION HEADDCARD
PROACALE TO TOP OF HEAD
SELLION TO TuP OF HFAD
STAQON TO TCP CF HIIAD
SUINASALE TO SELLION LENGTH
SURAGALE TO TOP OF HYAD
TRAGION TO TCP OF HEAD
ZYAIGN TO TOP OF ({EAD
ZYCOFRCUTALE TO TOP OF HFAD




INDEX

Entries in capital letters are anthropometric measurements and those in
mixed capital and lower case letters represent landmarks on the body. All
measurements given in the index have pages identified in a particular order. The
first page number is for the measurement definition followed by the Visual Index,
the male bivariate regression table, the female bivariate regression table, the male
stepwise regression table, and the female stepwise regression table. Any additional
entries are for the standard multiple regression tables. Only dependent variables
are indexed for the bivariate and stepwise regression tables while both Cependent
and independent variables are identified in the standard multiple regression tables.
Entries are not provided for the correlation tables since each variable appears on
every third page in each of the 10 tables.

Part 1 of this series is pp. 1 - 51; Part 2 is pp. 52 - 312; Part 3is pp. 313 - 572; Fart 4 is pp. §73 - 853, Part
55 pp. 854 - 984.

ABDOMINAL EXTENSION DEPTH, SITTING (ABEXDPST, 2) 26, 40, 575, 722,

856, 902, 349
952, 954, 958-
961, 963

Abdominal point, anterior 14

ACROMIAL HEIGHT (ACRHGHT, 3) 26, 42, 576, 723,
856, 902, 954,
963

ACROMIAL HEIGHT, SITTING (ACRHTST, 4) 26, &), 577, 124,
856, 902, 954,
%63

Acromion 14

ACROMION-RADIALE LENGTH (ACRDLGTH, §) 26, 46, 578, 725,
856, A2, 951-
954, 960-963

Acropeion ' 14

Alare 14

ATARE TO BACK OF HEAD (ALAREB, 226) 3750, 703, 837,
892, 93K, 956,
965

ALARE TO TOP OF HEAD (ALARET, 22 37, 51, 704, 817,
892, 938, 956,

965




ANKLE CIRCUMFERENCE (ANKLCIRGC, 6) 26, 46, 579, 726,
857, 903, 949,
950, 953, 954,
958, 959, %62,
963

Anterior superior iliac spine 14

AXILLA HEIGHT (AXHGHT, 7) 26, 41, 580, 727,
857, 903, 949,
950, 954, 958,
959, 963

AXILLARY ARM CIRCUMFERENCE (AXARCIRG, 8) 26, 44, 581, 728,
857, 903, 951-
954, 960-963

Auxllary fold, posterior 14

BALL OF FOOT CIRCUMFERENCE (BLFTCIRC, 9) 26, 99, 582, 729,
857, 903, 954,
9%63

BALL OF FOOT LENGTH (BLFTLGTH, 10) 26, 49, 583, 730,
858, 904, 954,
963

BIACROMIAL BREADTH (BCRMBDTH, 11) 26, 40, 584, 731,
858, 904, 951-
954, 960-963

BICEPS CIRCUMFERENCE, FLEXED (BICIRCFL, 12) 26, 45, 585, 732,
858, 904, 951-
954, 960-963

Biceps point 14

BIDELTOID BREADTH (BIDLBDTH, 13) 26, 30, 586, 733,
RS8, 904, 951-
954, 960-%3

BIGONIAL BREADTH HEADBOARD (BIGBRH, 212) 36, S0, 00, R,
/RO, 918, 98,
Ratel .

BIINFRAORBITAL BREADTH HEADBOARD (BIINORBH, 21Y) 36, 50, 700, 813,
819, 735, 955,
904

BIMALLEOLAR BREADTH (BIMBDTH, 14) 26, 49, 587, T4,
RS9, 903, 954,

%1




BIOCULAR BREADTH MAXIMUM HEADBOARD (BIOCBRMH, 214)

BISPINOUS BREADTH (BISBDTH. 15)

BITRAGION BREADTH HEADBOARD (BTRBDTHH, 215)

BITRAGION CHIN ARC (BITCHARGC, 16)

BITRAGION CORONAL ARC (BITCOARGC, 17)

BITRAGION CRINION ARC (BITCRARC, 18)

BITRAGION FRONTAL ARC (BITFRARGC, 19)

BITRAGION SUBMANDIBULAR ARC (BITSMARC, 20)

BITRAGION SUBNASAL ARC (BITSNARC, 21)

BIZYGOMATIC RREADTH (BIZBDTH, 22)

B'ZYGOMATIC BREADTH HEADBUARD (BIZYBRH‘. 216)

Bustpoint

BUSTPOINT/TE.ELLON-BUS/POINT/THELION BREADTH (BSTPTBR, 23)

BUTTOCK CIRC UMFERENCE (BUTICIRC, 24)

g8
23
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7, 48, 589, 735,
9, 905, 954,
963

27. 48, 389, 736,
860, 906, 954,
963

27, 48, 590, 736,
860, 906, 954,
963

27, 48, 591, 737,
860, 906, 954,

27, 41, 593, T8,
861, 907, 951,
952, 954, 960,
91, 963

27, 44, 594, 79,
%‘ . ‘mo 9‘ql
950-954, 954-961




BUTTOCK DEPTH (BUTTDPTH, 25)

BUTTOCK HEIGHT (BUTTHGHT, 26)

Buttock point- lateral

Buttock point- posterior

BUTTOCK-KNEE LENGTH (BUTTKLTH, 27)

BUTTOCK-POPLITEAL LENGTH (BUTTPLTH, 28)

CALF CIRCUMFERENCE (CALFCIRC, 29)

CALF HEIGHT (CALFHGHT. %)

Calf poxnt
Cervicale
CERVICALE HEIGHT (CERVHGHT, 31)

CERVICALE HEIGHT SITTING (CERVSIT, 32)

Cheilion

CHYEILION TO BACK OF HEAD (CHFILB, 2I8)

CHEILION TO TOP OF HEAD (CHEILT, 229)

2, 8, 595, 140,
861, 907, 549,
950-954, 958-961,
963

27, 45, 556, 741,
862, 908, 949,
950-754, 958-963

15
15

27, 40, 591, 742,
862, 908, 954,
963

28, 40, 598, 743,
862, 908, 954,
963

28, 44, 599, 744,
862, 908, 9549,
950, 953, 954,

28, 43, 601, 746,
863, 909, 951.
954, 960-963

3, 40, 602, 747,
863, W09, 954,
%3

15

37, 50, 704, K38,
893, 99, 956,
%3

37, 51, 108, &R,
891, 999, 956,
%63




CHEST BREADTH (CHSTBDTH, 33)

CHEST CIRCUMFERENCE (CHSTCIRC, 34)

CHEST CIRCUMFERENCE AT SCYE (CHSTCISC, 35)

CHEST CiRCUMFERENCE BELOW BREAST (CHSTCB, 36)

CHEST DEPTH (CHSTDPTH, 37)

CHEST HEIGHT (CHSTHGHT, 38)

Chin

“lavicle

Crinion

CRINION TO BACK OF HEAD (CRINIONX, 2i0)

CRINION TO TOP OF HEAD (CRINIONZ, 231}

CROTCH HEIGHT (CRCHHGHT, 39)

CROTCH LENGTH, NATURAL INDENTATION (CRCHLNI, 40)

28, 44, 605, 750,
864, 910, 951-
954, 960-963

28, 4, 606, 751,
864, 910, 951-
954, 960-963

28, 43, 607, 752,
864, 910, 949-
952, 954, 958-
961, 963

28, 42, 608, 753,
865, 911, 954,
963

15
15
15

37, 50, 705, 839,
893, 939, 956,
965

37, 51, 706, 839,
893, 939, 956,
965

28, 45, 609, 754,
865, 911, %49,
950, 953, 954,
958, 959, 962,
%3

28, 42, 610, 755,
865, 911, 943,
950, 953, 954,
958, 959, 962,
963




CROTCH LENGTH, OMPHALION (CRHLOM, 41)

CROTCH LENGTH, POSTERIOR NATURAL IND (CRLPNI, 42)

CROTCH LENGTH, POSTERIOR OMPHALION (CRLPOM, 43)

Dactylion 11

Dactylion 111

Deltoid point

Dorsal juncture of calf and thigh
Dorsal juncture of foot and leg
Ear bottom

EAR BREADTH (EARBDTH, 4)

EAR LENGTH (EARLGTH, 495)

EAR LENGTH ABOVE TRAGION (EARLTRAG, %)

Ear point

EAR PROTRUSION (EARPROT, 47)

Ear top
Ectocanthus

Ectoorbatale

2,

b

611, 756,
865, 911, 49,
950, 953, 954
958, 259,
%63

173

9%

3

29, 46, 612, 756,
866, 912, 949,
950, 953, 954,
958, 959, 962,
93

28, 46, 613, 757,
866, 912, 949,
950, 953, 954,
958, 959, 962,
963

16

16

1%

16

16

16

29, 48, 613, 757,
860, 912, 954,
9%3

29, 47,613,757,
866, 912, 954,
963

29, 47, 614, 757,
867, 913, 954,
%63

16

29, 47,615,757,
867,913, 963

16
17

17

P —



FRONTOTEMPORALE TO TOP OF HEAD (FRTEMT, 235)

FUNCTIONAL LEG LENGTH (FNCLEGLG, 56)

Glabella

GLABELLA TO BACK OF HEAD (GLABX, 236)

GLABELLA TO TOP OF HEAD (GLABZ, 237)

GLUTEAL FURROW HEIGHT (GLUFURHT, 57)

Gluteal furrow point

Gonion

GONION TO BACK OF HEAD (GONIONB, 238)

GONION TO TOP OF HEAD (GONIONT, 239)

HAND BREADTH (HANDBRTH, 38)

HAND CIRCUMFERENCE (HANDCIRC, 59)

HAND LENGTH (HANDLGH, &0)

HEAD BREADTH (HEADBRTH, 61)




ECTOORBITALE TO BACK OF HEAD (ECTOP.BE, 232)

ECTOORBITALE TO TOP OF HEAD (ECTORBT, 233)

ELBOW CIRCUMFERENCE (ELBCIRL, 43)

Elbow crease

ELBOW REST HEIGHT (ELRHGHT, 49)

EYE HEIGHT, SITTING (EYEHTSIT, 50)

Fifth metatarsophalangeal prot-usion

First metatarsophalangeal protrusion

FOOT BREADTH, HORIZONTAL (FTBRHOR, 51)

FOOT LENGTH (FOOTLGTH, 52)

FOREARM CIRCUMFERENCE, FLEXED (FCIRCFL, 53)

FOREARM-FOREARM BREADTH (FORFORBR, 54)

FOREARM HAND LENGTH (FORHDLG, 55)

Frontotemporalc

FRONTOTEMPORALE TO BACK OF HEAD (FRTEMB, 234)

29, 4, 616, 758,
867, 913, 954,
963

17

29, 40, 617, 759,
867,913

29, 40, 617,759,
868, 914, 954,
963

17
17

29, 49, 618, 760,
868, 914, 954,
963

29, 49, 619, 761,
8B, 914, 954,
963

29, 45, 620, 762,
868, 914, 951-
954, 960-963

29, 46, 621, 763,
869, 915, 954,
963

29, 45, 622, 764,
869, 915, 951,
952, 954, 0,
961, 963




IMYTRSCYE 1 (INSCYEL, 70)

T VERSCYE 2 (INSCYE2, T1)

KNEL CTRCUMFERENCE (KNEECIRC, 12)

KNEE HEIGHT, MIDPATELLA (KNEEHTMP, 73)

KNEE HEIGHT, SITTING (KNEEHTSI, 74)
Knee point

Lateral femoral epicondyle

LATERAL FEMORAL EPICONDYLE HEIGHT (LATFEMEP, 75)

Lateral malleolus

L/ T ERAL MALLEOLUS HEIGHT (LATMALHT, 76)

LIP LENGTH HEADBOARD (LIPLGTHH, 217)

LOWER THIGH CIRCUMFERENCE (LCTHCIRC, T7)

MAXIMUM FRONTAL BREADTH HEADBOARD (MAXFRONH, 218)

30, 45, 635, 776,
873, 919, 951-
954, 960-962, 9564

N, 43, 636, 776,
873, 919, 951-
953, 955, 960-
962, 964

30, 44, 637, 717,
873, 919, Sy,
950, 953, 955,
$58, 959, 962,
964

31, 43, 638, 778,
873, 919, 949,
950, 953, 955,
958, 959, 962,
964

31, 40,639, 79,
874, 920, 955,
S64

18
19

31, 42, 640, 780,
874, 920, 949,
950, 955, 958,
959, 964

19

31, 49, 641, 731,
874, 920, 949,
950, 955, 958,
959, 964

36, 50, 01, 834,
890, 936, 955,
964

31, 44, 641, 781,
874, 920, 949,
950, 943, 955,
954, 959, 962,
964

36, 50, 701, 835,
B0, 936, 955,
64




HEAD CIRCUMFERENCE (HEADCIRC, 62)

HEAD LENGTH (HEADLGTH, 63)

HEEL ANKLE CIRCUMFERENCE (HLAKCIRC, 54)

HEEL BREADTH (HEELBRTH, 65)

Heel point

HIP BREADTH (HIPBRTH, 66)

HIP BREADTH, SITTING (HIPBRSIT, 67)

Diocristale

ILIOCRISTALE HEIGHT (ILCRSIT, 68)

Inferior breast point
Infraorbitale

INFRAORBITALE TO BACK OF HEAD (INFORBB, 24)

INFRAORBITALE TO TOP OF HEAD (INFORBT, 241)

Infrathyroid

Iuner thigh point

INTERPUPILLARY BREADTH (INPUPBTH, 69)

30, 48, 628, 769,
871, 917, 954,
963

30, 48, 629, T70,
871,917, 954,
963

30, 49, 630, 771,
871, 917, 954,
963

30, 49, 631, 772,
871,917, 954,
963

18

30, 46, 632, T73,
872, 918, 949-
954, 958-963

30, 40, 633, 774,
§72, 918, 954,
963

18

30, 42, 634, 775,
8§72, 918, 949,
950, 954, 958,
959, 963

18

18

38, 5, 710, 844,
896, 42, 956,
65

38, 51, 711, 844,
B, 942 956,
965

8

18

30, 48, 615, 776,

BT2, 918, 954,
w3




Menton

MENTON TO BACK OF HEAD (MENTONX, 242)

MENTON TO TOP OF HEAD (MENTONZ, 243)

MENTON-CRINION LENGTH HEADBOARD (MENCRINH, 219)

MENTON-SELLION LENGTH HEADBOARD (MENSELLH, 220)

MENTON-SELLION LENGTH (MENSELL, 78)

MENTON-SUBNASALE LENGTH HEADBOARD (MENSUBNH, 221)

’

Mctacarpale il
“Mctacarpale V
Midpatcila
Midshoulder

MIDSHOULDER HEIGHT O SITTING (MSHTMT, ™)

Mudspine

MINIMUM PRGNTAL BREADTH HFADBOARD (MINFRONH, 1M1

NEOK BUSTPOINT/THOLION TENGTH (SKBRPLOGTH, &)

NECOK CIRCUMET RENCE (NECXCIRC, 81)

19

38, 50, 711, 845,
896, 342, 956,
965

38, 51, 712, 845,
896, 942, 956
9635

36, 51, 702, 835,
890, 936, 915,
964

36, 51, 0L, 835,
891, 937, 955,
964

31, 48, 642, TR,
875, 921, 955,
904

36, 51, W0, &35,
851, 937, 958,
964

19
19
19
19
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RS, 921, M,
9%, 288, IR,
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NECK CIRCUMFERENCE, BASE (NECKCRCB, 82)

NCCK HEIGHT, LATERAL (NECKHTLT, 13)

Neck, antenor lateral

NOSE BREADTH HEADBOARD (NOSEBRTH, I3)

NOSE PROTRUSION HEADBOARD (NOSEPRH, 24)

QOlecranon, Bottom, Rear

Olecranon, Ceater

Mobasion Supenos

OVERHEAD FINGERTIP REACH (OVHDITRH, )

OVIRHEAD FINGERTIP REACH, EXTENDED (OVHERHE, 49)

GVERHEAD FINGERTIP REACH, SITTING (OVHDFRHS, %6)

POPLITEAL HETGHT (POPHOGHT v

Prsgetsonr Superun thae Spene

Promenton

PROMINTONTO BACK OF HEAD (PMENTONX, J44)

PROMENTONTO TOP OF HEAD (i MINTON/Z, 24%)

Promacale

31, 44, 645, 78S,
876, 92, 951-
953, 955, 960-
962, 964

31, 45, 546, 7RO,
878, 92, 955,
Y64

pAl

36, 50, 703, 836,
891, 937, 956,
965

37, 51, 203, 836,
892, 938, 9%
35
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PRONASALE TO BACK OF HEAD (PRONASX, 246)

PRONASALE TO TOP OF HEAD (PRONASZ, 247)

Pternson

Radiale

RADIALE-STYLION LENGTH (RASTL, 88)

Scye
SCYE CIRCUMFERENCE (SCYECIR(, 89)

SCYE DEPTH (SCYEDPTH, %0)

Seilion

SELLION TO BACK OF HEAD (SELLIONX, 248)

SELLION TO TOP OF HEAD (SELLIONZ, 249)

SHOULDER CIRCUMFLERENCE (SHOUCIRC, 91)

SHOULDER ELBOW LENGTH (SHOUFLLT, 92)

SHOULDER LENGTH (SHOULGTH, 9Y)

38, 50, 713, 847,
897, 543, 956,
965

38, 51, 714, 847,
897, 943, 956,
%S

21
21

32, 41,654, M2,
872, 923, 955,
964

21

32, 44,655,793,
877,923, 951-
953, 955, 960~
962, %64

32, 42, 656, 793,
878, 924, 951-
953, 955, %60)-
2, 64

2

30, 50, 714, B4R,
RUR, 544, 956,
965

39, 51, 715, 848,
RIR, 4, 956,
%5

32 44,687, 704,
7R, 924, 98t
981, 985, Wk
W62, Ul

12, 4%, 658, ™S,
8TH, 924, 98)-
952, 985, i)
W61, w6l

AL 43,659, T, BS6,

&8, 924, 951
943, 955, 960
962, ol




SITTING HEIGHT (SITTHGHT, )

SLEEVE LENGTH. SPINE-ELBOW (SLLSPEL, 9%)

SLEEVE LENGTH: SPINE-SCYE (SLLSPSC, %)

SLEEVE LENGTH: SPINE-WRIST (SLLSPWR 9™

SLEEVE OUTSEAM (SLOUTSM, 98)

SPAN (SPANM, %)

STATURE (STATURE, 1)

Stomon

STOMICNTO BACK OF HEAD (STOMIONX, 29)

STOMIONTO TOP OF HEAD (STOMIONZ, 281)

STHAP LENGTH (STRULGTH, 191)

Styluw

Subenandibulas
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33, 47, 061, 798,
879, 928, 951-
953, 958, 960-
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33, 47, 662, 199,
879, 98, 951-
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33, 44, 664, 8OO,
R, 926, 951-
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33, 46, 665, 801,
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SUBNASAL-SELLION HEADBOARD (SBNSSELH, 225)

Subnasale

SL'ENASALE TO BACK OF HEAD {SUBNASX, 252)

SUBNASALE TO TOP OF HEAD (SUBNASZ, 253)

Suprapatclla

Suprasterrale

SUPRASTERNALE HEIGHT (SUPSTRHT, 192)

cath Rib

TENTH RIB HEIGHT (TENRIBHT, 103)

Thelion

THIGH CIRCUMFERENCE (THGHCIRC, 104)

THIGH CLEARANCE (THGHCLR, 109)

Thigh Point

THUMB BREADTH (THUMBRR, 1n)

Thumbt:p

THUMBTIF REACH (THMBTPR, 107)

Top of Head
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33, 42, 671, 806,
881, 927, 49,
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959, 964
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Tragoa

TRAGION TO BACK OF HEAD (TRAGB, 254)

TRAGION TO TOP OF HEAD (TRAGT, 255)

Trapeaus Point
Trochanter

TROCHANTERION HEIGHT {TROCY. 4T, 108)

VERTICAL TRUNK CIRCUMFERENCE (ASSC) (VTCASCC, 109)

VERTICAL TRUNK CIRCUMFERENCE (USA) (VTCUSA, 110)

Waist (Natural Indentation)

W AIST BACK LENGTH, NATURAL INDENTATION (WSTBLNI, 111)

WAIST BACK LENGTH, OMPHALION (WSTRBLOM, 112)

WAIST BRTADTH (WSTRRTH 114)

WAIST CTRCUMPT RENCE NATURAL INDENTATION (WSOTRONL 114)

WAIST CIRCUMFYERENCT, OMPHALION (WSCTROOM, 119)

S
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5, 956,

51, 718, 851,
. 948, 956,
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34, 45, 675, 810,
882, 928, 955,
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34, 45,676, 811,
8R2, 923, 949,
950-952, 955,
958-961, 964

34, 45,678, 813,
883, 929, 949-
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13, 43,679, 814,
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WAIST DEPTH (WS IDEPTH, 116)

WAIST FRONT LENGTH, NATURAL INDENTATION (WS {FRLN], 117)

WAIST FRC NT LENGTH, OMPHALION (WSTFRLOM, (18}

WAIST HEIGHT, NATURAL INDENTATION (WSTHNI, 119)

WAIST HEIGHT, OMFHALION (WSTHCM 120)

*AIST HEIGHT, SITTING, VATURAL INDENTATION (WSHTSTNE, 121)

WAIST HEIGHT, SITTING, OMFPPALION (WSH13STOM, 122)

WAIST HIP LE! 5TH (W HIPLTH, 123)
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WEIGHT (WEIGHT, 127
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WRIST CIRCUMFERENCE (WRISCIRC, 127)

WRIST HEIGHT (WRISHGHT, 128)

WRIST HEIGHT, SITTING (WRISHTST, 129)

WRIST-INDEX FINGER LENGTH (WRINFNGL, 130)

WRIST-THUMBTIP LENGTH (WRTHLGTH, 131}

WRIST-WALL LENGTH (WRWALLLN, 132)

WRIST-WALL L ENGTH, EXTENDED (WRWALLEX, 133)

“ygon

ZYGION TO BACK OF HEAD (ZYGB, 256)

ZYGION TO TOP OF HEAD (ZYGT, 257)

Zvpolrontale

ZYGOFRONTALE TO BACK OF HEAD (ZYFRE, 258)

ZYGOFRONTALE TO TP OF HEAD (ZYFRT, 259)
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For the abcve-reserenced Technical Reporis, note should be made that
read and face dimensions measured with the autcmated heacdboard davice
were rezcrced to the nearest O.! millimeter, not to the nearest
millimeter as 1ndicated orig:inally on page 25 of Part 1. Conversion
arscedures are outlined on the fcllcwing page.




wWhen calculating regressions using headhcard dimensicns,
from O, ! mm to | mm are necessary:

1) Wher . . .

Headboard dimension = dependent variable
Stancard dimensicn = incepencent variable

divicde the answer by 10,

e,q. Glabr by Headc:irc

x=(J.862 # 5467.7) + (195,529
y=1994,9264 / 1C
199.7 mm

N
~

conversions

[Note: When Headhoard cdimension 1s the O=pencent variable, the

Standaro Estimate of Error 15 1n O,1 mm, ]

1)

when . . .

Headboar T dimersion = 1afdesencenrt varias!
Standarc cirersion = gcepondent variable

mu.tidly heacdzard i1nput by L0,

e.3. HeazZzyrz oy 5laby

y=199.7 o |7
x=1.175 @ 1957 + 215,474

veSel.1 mm
- when . . .

HeadDoars CLITErNGI0n ® (nZesencent variadle
Heacbczard cimensicn = ceoencent variable
FultiDly Reartnard arplt by 10y

Civide anmswor Ly 10,

2.3, Rl by Tuhnas

y2207.5 ¢ 1N

xa(, 704 & 2975 + %64,%89
x®1997,.229 / 1n

x2]199,7 mm



