AN ANATOHMICALLY-VALIDATED METHOD FOR THE
ANTHROPOMETRIC PREDICTION OF

SEGHENTAL MASSES
by

Bichael John Marfell-Jones

M.Sc. Loughborough University 1977

THESIS SUBEI&TED IN PARTIAL FUOLFILLMENT OF
THE REQUIREHENTS FOR THE DEGEREBE OF
DOCTOR OF PHILOSOPHY
in the Department
of

Kinesiology

C:) Michael John Marfell-Jones 1984
STHON FRASER UNIVERSITY
February 1984
All rights reserved. This work may not be

reproduced in whole or ia part, by photocopy
or other means, without permission of the author.



APPROVAL

Name: Michael John Marfell-Jones
Degree: Ph.D. Kinesiology

Title of thesis: An Anatomically-validated Method for
the Anthropometric Prediction of

Segmental Masses

Examining Committee:

Chairman: Dr. J. Dickinson

Dr. W.D. Ross
Senior Supervisor

Dr. N.M.G. Bhakthan

T 7
Dr. D. Stifding

Dr. T.W. Calvert
Dean
Faculty Interdisciplinary Studies

Dr. K.M. Bagnalf*/
External Examiner
Faculty of Medicine
University of Alberta

Date Approved: Fc&-/{, /TR,



PART IAL COPYRIGHT L ICENSE

| hereby grant to Simon Fraser University the right to lend
my thesis, project or extended essay (the title of which is shown below)
to users of the Simon Fraser University Library, and to make partial or
single copies only for such users or in response to a request from the
library of any other university, or other educational institution, 6n
its own behalf or for one of its users. | further agree that permission
for multiple copying of this work for scholarly purposes may be granted
by me or the Dean of Graduate Studies. |t is understood that copying
or publication of this work for financial gain shall not be allowed

without my written permission.

Title of Thesis/PrEFESFIERPERESH EETRX

An anatomically-validated method for the anthropometric

prediction of segmental masses.

Author:

re ¥

isignafure)

Michael John MARFELL-JONES

(name)

11 April 1984

(date)



CO-PROMOTORS

Professor W.D. Ross, SIMON FRASER UNIVERSITY.
and
Professor Dr. J.P. Clarys, VBIJE UNIVEBSITEIT,

BRUSSEL.

iii



KBSTRACT

Conventionally, predictions of segmental masses of the
human body are based on the ascription of some percentage of the
total body weight. The tactic assumés humans are proportionally
similar and have fairly constant segment densities. It was
hypothesised that segment anthropometry would yield improved
predictions of individual segmental masses in independent
samples, whilst also providiang an indirect validation of being
able to account for total body weight from segmental estimétes
in disparate in vivo samples.

To build anatomical segmentation models, 214 anthropometric
measures were repeated bilaterally on three male and three
female adult cadavers, prior to surgical dismemberment into 14
segments: head, trunk, arms, forearms, hands, thighs, legs and
feet. The limb segments wére then fractionated into component
skin, adipose, muscle and bone tissnes to enable the developnent
of regression egquations for the anthropometric prediction of
within-segment tissue masses. Obtained measures from the head
and trunk and mean bilateral measures from the limbs were used
to develop four models for the prediction of the intact mass of
each of the 14 segments. These were: a direct regression model,
a proportionality/deviation model and two volume-based models.
Each of the models was validated against an independent cadaver
sample and was shown to be és good as, or better than, the

conventional percentage-of-bodyweight approach. The models were
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children, 142 adults and ﬁﬁ'international class bodybuilders.
Similar procedures were applied to an available
biomechanically-segmented cadaver sample (segmenﬁation at
centres of rotation).

Predictiéns of anatomical and biomechanical segments by the
proportionality/deviation and volume-based models were éhowa by
ANOVA for Repeated Measures to be significantly better in-
accounting for total body weight in children and normal adults
than the direct regression approach derived from the sane
cadaver sample.

Estimations of anatomical and biomechanical segmental
masses by the newly delineated models in this‘study represented
improved prediction for both sexes across a wide age and size

range and are therefore appropriate for group comparisons.



QUOTATION
"§hat I liked about chemistry was its clarity surrounded
by darkness; what attracted me, slowly and hesitatingly,
to biology was its darkness surrounded by the brightness
of the giveness of Nature."

- Erwin Chargaff (1978).

Fodio in tenebris.
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I. INTRODUCTION

The purpose of this chapter is to review the historical and
current approaches to the prediction of segmental masses and to
consider an improved approach to this undertaking.

The search for a practical in viyo technique for the
measurement or prediction of body segment masses for the purpose
of functional analysis has a lengthy history. Over the yea#s, a
number of segmental studies have been conducted.iﬁarless(!BﬁO),
Braune and Fischer {1889), Meeh{1895), Dempster {(1955) and
Chandler, Clauser, McConville, Reynolds, and Young{1975) carried
out studies which resulted in the development of predictive
eguations based on the assumption of segment weight being a
specific percentage of the total body weight.

This approach is only valid under conditions of exact
proportionality between any individual and the mean of the
sample from which the regression equations were formulated, and
assumes a constant density for all segments of the body. Such
conditions are patently not applicable across the whole spectrum
of human morphology. Extremes of body type are proportionally
different to normals (Eiben, 1980; Ross and Ward, 1982).
Segments do not display uniform densities {Dempster and
Gaughran,1967; Katch and Goid,1976; Clarys, Martin and
Drinkwater, 1984). Purther, the failure of these

"percent-of-bodyweight" equations to predict individual segments



well, when applied to alternative cadaver samples, gives cause
for concern about their ability to predict segments accurately
in any but their estimating sample.

Further, the only in vivo check on the prediction of
segmental ﬁas$ involves summing the predicted masses and
comparing the sum with the obtained body mass - a technigue used
by #iiller aad Morrison(1975). Although this check is only an
indication of the accuracy of the prediction and not a true
validation, it is not applicable when "percentage of the whole”
eguations are used, as they predicate equalization. There is,
therefore, not even an indication that such predictions are
accurate; yet this method has been used widely by functional

analysts (Barter,1957; Whitsett,b 1962; Gray,1963; Hanavan,1964).

The first investigation of individual segment masses was
conducted by Harless(1860) on the bodies of two executed
criminals. Harless {1860) dissected the cadavers into 18 major
segments and, using sensitive scales and a balance plate, was
able to determine the mass and position of centre of mass of
each segment. The expression of his segment mass findings
(summarised in Table 1.1, along with the findings of other major
investigators) initiated the trend to report segment masses as
percentages of body weight and encouraged the use of these

values as predictors.



Braune and Fischer(1889) performed a segmentation study on
3 adult male cadavers, all suicides. Keeping the cadavers frozen
solid throughout the investigation, they used arbitrary cuts
across joint centres of straightened limbs. They determined
segmnental masées and the positions of centres of mass, and also
reported the masses as percentages of the total body mﬁss. {See
Table 1.1)

ﬂeeh(189ﬂ)lduplicated Harless? experiments using four
infant cadavers. He then used the observed relationships between
segnent mass and volume {of both his and Harless's work) to
compute segment mass from the segnment ﬁolume of live subjects he
had been measuring.

Meeh {1894) departed‘from the practice of presenting his
findings in terms of segments as a percentage of total body
weight, (hence his absen;e from Table 1.1), expressing them only
as percent increments of growth, and assumed constant segmeht
density. Despite the dismissal of Meeh's 1894 study by Dempster
and Gaughran(1967) as providing "no useful information of a
mechanico functional sort®,?t Heeh(!SQB} is of historical
importance since he was the the first to use a volume approach
to estimate segmental mass and the first to make a serious
attempt to gquantify the changes in segment mass during growth
and develcpment.

Cleveland {1955), like Meeh{1894), attempted to predict
segment weights via volume. He achieved his segment weight

tDempster and Gaughran (1967), page 35.



values, however, by multiplying segment volumes by total body
density - a procedure vulnerable to error as indicated by
Harless' {1860) data which highlights the discrepant density

values of various segments and the total bodye.



Table 1.1 Segmental Mass / Body Mass Percentages
from Several Cadaver Studies.
Source: Harless Braune Dempster Drillis Dempster Clauser

& & & et al.
Fischer Contini Gaughran

{1860) {1889y  ({1955) {1966) (1967) {1969)
Sample
size: 2 3 8 12 9 - 13
Segment
Head & 7.6 7.0 7.9 7.9 7.3

Neck 58.9

Truank 44,2 46.1 48.6 48.14 5047
Thigh  11.9 10.7 9.7 9.5 10.0 10. 3
Leg 4.6 4.8 4.5 4,2 4.6 . 4.3
Foot 2.0 1.7 1.4 1.3 1.4 1.5
Arm 3.2 3.3 2.7 3.6 2.6 2.6
Forearnm 1.7 2.1 1.6 1.8 1.5 1.6
Hand 0.9 0.8 0.6 0.6 0.6 0.7
TOTAL 100. 4 99.9 97.5 100.9 97.7 99.7

The first of a series of major segmentation studies this
century, from the Aerospace Medical Researh Laboratory at
Wright-Patterson Air Force Base in Ohio, was conducted by
Dempster in 1955. Since the focus of the study was
biomechanical, Dempster's proposition was that

links, i.e. the span between joint centers, rather than
bones, are the effective core lines of the body

segments. Each link is enveloped by a certain mass of
adjacent tissue, to form a mass segment. Segmeats, thus,



must be separated at joint centers.?

Consequently, Dempster {1955) followed the lead of Braune
and Fischer (1889) in sawing across joint centres when
separating two body parts. Whereas Braune and Fischer {1889) cut
across the joint centres of straightened limb segments
(following freezing), Dempster(1955) endeavoured to fix the
joints in a mid-range position, by tying aad freezing, before
bisecting the joints with cuts through the joint centres.

Prior to dissection, sixty-nine anthropometric measures
were taken onr each subject in Dempster?'s{1955) study. Leng£hs,
breadths and girths were measured, but no skinfolds.
Dempster's{1955) stated purpose in using cadaver anthropometry
vas to get an indication of the physical makeup of the cadaver
sample and as a check on further measurements made on body
segments relating to joint centres and centres of gravity. It
may be that the biomechanical emphasis obécureﬁ the possible
connection between anthropometry and segment mass or that body
weight’again Cevealed itself as the best single predictor of
segment weight within his sample. Whatever the reason,
Dempster {1955) also, chose to report segmental mass/body mass
ratios (See Table 1.1) from the 8 cadavers he dissected, to the
exclusion of segmental predictors.

In 1957, Barter used the concept of a statistical "Granad
Mean" (Barter,1957) to combine Dempster?'s (1955) data with that

of Braune and ?ischer(1889), and produced regression equations

2Denpster {1955), page 47.



fdr calculating segmental mass from total body mass (See Table
1.2) . |

These regressions were to form the basis of the
mathematical models of Whitsett{1962), Gray{1963) and
Hanavan(196u); the latter finding widespread use in the area of
biomechanical prediction. |

Hanavan used an ingenious method to check the accuracy of
his mathematical volume prediction. Using data from Dempster's
original sample(1955), he divided a segment weight value,
obtéined from Barter's equations {1957), by the predicted volunme
to obtain a segment specific gravity which he could then compare
with Dempster's experimental finding(1955). This virtually
assured the correct segment weight {since Dempster?s{1955)
sample constituted two thirds of the sample Barter{1957) had
constructed his regressions from), and therefore became a test
of the accuracy of the volume prediction.
; The average results [prediction of segment specific
gravity) were

"within approximately ten percent of the experimental
data” 3

for each segment. Hanavan regarded this as
"exceptionally good.” 4
This is an important statement by Hanavan {1964), as it is one of

the few gqualitative statements about the level of prediction in

T — v — -

3Hanavan {1964), page 37.

“Hanavan {1964) , page 39.



Takle 1.2 Regression Equations for Calculating
: Segmental Hass in Pounds* [from Barter, 1957)

Body Segment Regression Eguation Standard Error
of Estimate

Head, FNeck and 47 x T.B.W.# + 12,0 {(#6.1)

Trunk
Extremities
Both Upper Ares = .08 x T.B.W. - 2.9 {(#+1.0)
Forearms plus = .06 X T.B.H. - 1.4 (+1.2)
Hands '
Both Forearms$ = .04 x T.B.¥W. - 0.5 {+1.0)
Both Hands$ = ,01 x T.B.¥. + 0.7 {(#0.4)
Total Lower = .31 X T.B.¥. + 2.1 {(+4.9)
Extremities
Both Upper Legs = .18 x T.B.W. + 3.2 {(+3.96)
Both Lovwer Legs = .13 x T.B.W. - 0.5 {(+2.0)
plus Feet
Both LOEel.' LegS = -11 X TDB.HQ - 1:9 ("1:6)
Both Feet = .02 X T.B.W. + 1.5 {+0.6)

# T.B. ¥. - Total Body Weight
$ N=11, all others N=12.
* {Barter, p.b, 1957)

this area.

The adequacy of the volume prediction phase of his nodel,
however, is not the only consideration when the whole model is
applied to an ipn vivo sample. The correct segment weight

predictions are of vital importance as they constitute half the



model.,

The use of total body weight as a predictor of segment mass

is a foundation of Hanavan's{1964) model, with the assunption
"that the regression equations for segment weights were
valid over the spectrum of body weight in the Air Force
population"s

This is a major assumrption on Hanavan'®s (1964) part (evén though

Denpster?'s (1955) sample did come from this population), but he

wasn't in a position to be cautioned by Dempster and

Gaughran?!s (1967) warning about predictions generated
"when records are pooled indiscriminantly" &

as later users of his (Hanavan's) model were.

The possible error in using Barter's (1957) equations will
be discussed in more detail in Chapter V. When this is
compounded by any error in the volume prediction, the accuracy
of the overall prediction by Hanavan's model is further
diminished,

Nevertheless, Hanavan's{1964) model was the basis for
subsequent mathematical models, which have been reviewed by
Chandler et al. {1975). These models all used body weight as the
predicting variable.

A comprehensive investigation, carried out over a number of
years, was published by Drillis and Contini in 1966. They used
the method of reaction change, having calculated the position of
the centre of mass of each segment by equating it with the

SHanavan {1964), page 5.

spenpster and Gaughran {1967), page 34,



position of the centre of volume {which they had found by
immersion), and developed segmental mass values, expressed, in
the usual manner, as percentages of total body mass. {[See Table
1. 1) However, as was shown by Clauser, McConville and

Young { 1969) , équating the position of the centre of volume and
the poesition of the centre of mass imparts an error of éanstant
direction, the mean value of percent of volume proximal to the
position of the centre of mass being 54.9%.

In 1967, Dempster and Gaughran published a reworking of
Dempster's 1955 data, {Dempster and Gaughran,1967) supplemented
by additional work on an embalmed cadaver and on 11 upper and 41
lower limbs, in 1962. An important feature of this study was the
fractionation of each segment into three component tissues {Skin
and Fascia, H#uscle, and Bone).

The data were reported as percentages of the whole (segment
to total body, tissue to total segment) without reference to
segment anthropometry. This is probably understandable with
regard to the tissues, since Denmpster and Gaughran's {1967)
purpose in fractionating the segments ias to compare the
densities of the different tissues and not exanmine
anthropometric concomitants. However, it would appear clear from
the report that Dempster and Gaughran{1967) saw precise
dissection technigue as being the most important factor in
developing useful predictive equations and nothing fundamentally

wrong with the "?ercentage of the whole" approach.
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In 1967, Bernstein published a summary statement of work he
had conducted in Russia in the 1320's. After analysing the
results of measurements taken on 152 subjects (using the
nodified Borelli apparatus and the method of reaction change
{outlined by Miller and Nelson,1973) to predict mass and centre
0of mass of segments) Beranstein concluded that the individual
variation was so great that

either we may resign ourselves to measuring with the
copplex technigues we have developed (as mentioned
above) every new subject with whom we deal - or we Rmay-
attempt to find such anthropometric and structural
correspondence {[correlations) as will enable us to
determine with sufficient accuracy the probable radii of
our subjects on the basis of their general habits and
anthropometric data?

Berastein {1967) appears to have been the first to suggest
anthropometric and structural correspondence in segments, but
¥as unheeded for many years. Segmental parameters were not used
in a predictive model until Clauser et al,{1969).

The second major segmentation study this century was
conducted by Clauser et al. {1969). That Clauser et al. {1969)
recognised the value of Bernstein®s(1967) advice is clear fron
their use of Bernstein's[1967) quote. The conclusion of (Clauser
et al.'s{1969) introduction set the stage for a siganificant
advance in the area of segment mass prediction.

Of primary interest is whether or not body segment

parameters can be predicted with any degree of accuracy
from anthropometric dimensions. If this can be answered
in the affirmative, then it would be important to know

if such predictions provide sufficient accuracy for
estlmatlng parameters for individuals as well as for the

TBernsteln(1967), page 13
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correspondihg populations.®

Data, consisting of 99 anthropometric variables, total body
volume and the position of the total centre of mass, and the
mass, volume and position of the centre of mass for each of 14
seqgments, were gathered on 13 male cadavers and stepwise
regression equations were developed for the prediction of
segmental mass from anthropometric measurements including'total
body mass. Clauser et al, {1969) followed Dempster?'s {(1955)
protocol where possible, though when the tissue would not
stretch sufficiently to perait flexion to the mid-range poéition
they did not sever it to facilitate such flexion {as
Dempster {1955) had done).

Although total body mass turmned out to be the single most

important variable in predicting segment mass, Clauser et
al. {1969) found the imclusion of 2 or 3 segment-specific
anthropometric variables in the equations decreased the
magnitude of any segmental weight prediction error. His
penultimate sentence in the conclusion of his report

"The predictive equations developed in this study are

believed to provide a better estimate of weight and

location of the center of pass of segments of the body

for individuals and populations than were previously

available."?
indicates a positive result from the investigation. Their final

sentence

"They should not, however, be considered as other than
good first approximations until they can be adequately

8Clauser et al. (1969), p.17.

9Clauser et al.(1969), page 61
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validated on live populations.m10
¥as a wise caution. The inclasion of body weight as the major
predictor in all segments except the forearm, hand and leg,
precludes the use of even the indirect check - accounting for
total body weight by summing the predicted segment weights.
Their regressions, are shown in Table 1.3.

The third and most recent dissection study was that of
Chandler et al. (1975) in which six male cadavers were segmented.
The regression equations generated to predict segment mass used
total body weight as the predicting variable. The purpose Qf
this study was to provide

"empirical values against which the moments of inertia
of various geometric shapes and sizes may be tested.m1t

and the authors only gave the regression eguations for the
convenience of the reader to document the relationships for
their particular cadaver sample.

One feature of this study was the complementary
investigation of the use of stereophotometry to predict segment
volumes {Herron et al. 1976). This technigque was subsequently
The reported regressions predicted segment volunmes from stature
and total bodyweight. Application of the regressions to Clauser
et al.?s{1969) sample ({(and input of that saample’s mean segment
densities) d4did not give’good segmental prediction, yet displayed
an extremely small variance in accounting for total body weight.

10Clauser et al. {(1969), page 61.

11Chandler et al. {1975), page 100.
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Table

Head

Trunk

Upper
Arm

F/Arn

Hand

Thigh

Calf

Foot

¥Iliac Crest Fat {mm)

1.3

Regression Eguations for Predicting Segmental

Weight in kilograms (from Clauser et al., 1969).

Head Circ
0.148

Weight {(kqg)
0.551
0.494
0.349

Weight (kg)

0.030
0.019
0.007

Hrist Circ
0.119

¥rist Circ
0.0571
0.038
0.029

Weight {kg)

0.120
0.074
0.074

Calf Circ
0.135
0.141
0.111

Weight {kg)
0.009
0.005
0.003

Weight (kg)

-3.716
+0.015 -2.189
Trunk Length Chest Circ
-2.837
+0.347 -19.186
+0.423 +0.229 -35.4860
Arm Circ {ax) Acrom-Rad
Length
-0.238
+0.060 -1.280
+0.092 +0.050 -3.101
Porearm Circ
-0.913
grist Br/Bone Hand Brdth
-0.418
+0.080 -0.660
+0.075 +0.031 -0.746
Upper Thigh Iliac Crest
Circ Fat#*
-1.123
+0.138 -4,.641
+0.123 +0.027 -4.216
Tibiale Ht Ankle Circ
-1.318
+0.042 -3.421
+0,047 +0.074 -4,208
Ankle Circ Foot Length
+0.369
+0.033 -0.030
+0,048 +0.027 -0. 869

weight is kg; all other dimensions are in cm.

14

Constant &

. 814
874

« 966
979
« 386

.879
- 931
961

«827

863
«917
<942

893
«933
. 944

«933
971
979

-810

- . 882

=907

= 0.78 Skinfold.IXliac Crest {mm)

SE Est
0.20
0.17

0.14
0.12
0.09

0.09

0.03
0.03
0.02

0.54
0.45
0.43

0.14
0.09
0.08

0.06
0.05
0.04

- G’27:



This result confirms the preglusion of accounting for total
bodyvweight as any sort of validation check, there being a
spurious correlatién between the dependent and the independent
variables.

The guesfion could well be asked why the use of body weight
as a segment weight predictor has been accepted for so long.
This has most likely been so because, in the cadaver sanmples
studied, body weight w¥as the best single predictor. In addition
it is a very convenient predictor - easy to measure and seldon

Reliance on the use of a set relationship between segmental
mass and total body mass, however, fails to accommodate those
individuals whose proportions differ from the samples used to
identify those relationships. As Hiller and Nelson{1973) pointed
out, such computational methods were derived from a limited
nunber of Causcasian adult male cadavers. Thus investigators.
should always be cognizant of this limitation, particularly with
populations which may be different from the original sample in
terms of age, sex, race or body composition.

Unfortunately, due to the complexity, size and cost of a
cadaver research expression, there appears to be no way around
#iller and Nelson's(1973) caution, and sample specificity may
still be a factor in the results until such time as a large
enough sample segmented by identical technigue has been

aggregated.
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The problems associated‘with successful prediction in this
area are many. Yet the task is there to be mastered.
incorporate total body mass as one of the predictor variables in
the calculatién {thereby permitting its use to validate that the
sum of the parts is equal to the whole), and took into éccount
differences in proportionality, then segmental mass predictioans
could be made with greater confidence in all subjects regardless

of age, sex or morphology.
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Segmental mass is governed by the volume of the segment and
its density. fhe density is governed by the relative
constituency of the segment, i.e. how much adipose tissﬁe,
nuascle, skin, bone and residual it contaians, and the dehsity of
each of those components.
Anthropometry currently can not reveal differences in-
density within the same component tissue, for it only measures
bsize, but it can‘tell s about the relative amounts of each
tissue within the segment. The following questions can be posed.
1. Will the size of the skinfold reveal something about the
amount of adipose tissue in the segment?

2. Will the size of the skinfold-corrected girths disclose
information about the mpuscle?

3. ¥ill the lengths and breadths between distinguishable bony
landmarks give insight into how much bone is present?

If we car incorporate these factors in a model, can we come
closer to the true prediction of segment weight?

My hypothesis, therefore, was that

Differences in segmental anthropometry will reflect
differences in segment composition giving a better
prediction of segment mass than a prediction

based on a percentage of body weight.
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The aim of this study was to test this hypothesis by
developing three models which predict segment masses fronm
segment—specific anthropometric variables. The models could then
be applied to at least three in vivo samples; compared, on the
basis of their ability to account for total body weight; and the
best model chosen for the prediction of segmental masses for

comparative purposes in a wide range of individuals.
MODEL DEVELOPMENT

Regression (REG) HModel
The first model would be a straight regression of
intra-segmental anthropometry against segment mass, based on an

estimating sanple.
Y = A1%X1 +# { A2%X2 + ) C
where: Y is segment mass
X1 and X2 are segament

lengths or girths.

This would establish the best relationship between anthropometry

and segment mass for the sample, though possibly at the risk of

18



an increased sample specificity.

Proportionality/Deviation{P/D) HNodel

In 1974, Ross and Wilson devised a unisex Phantomr %hich
serves as a reference model for proportionality comparisons of
subjects, regardiess of age, sex or race. The Phanton Stratagem
expresses anthropometric values as z-values which are height-
{or any other parameter) adjusted deviations from the Phantom
value for the particular variable. |

The principle of expressing scores in terms of standard
deviations from a known reference value was further developed by
Drinkwater and Ross (1980) in their tactic for the fractionation
of body mass into four components, viz. adipose tissune, bone,
muscle and residual. In this tactic, the mean deviation of a set
of predictor variables is said to reflect the deviation from a
reference mass for each of the four components. The tactic is
validated by the sum of the four predicted component masses
equalling the observed total body mass.

The same principle can be applied to the prediction of
segmental masses. An example, using a single predictor variable

for simplification, serves to illustrate this principles.

15



Let the reference values for forearm length and segment

mass be as follows:

variable Mean Standard Deviation
Forearm Length 22cn 2cn
Forearm segment mass 1kg. 0.1kg.

The principle predicates, therefore, that a subject whose
forearm is 24cn long (one length standard deviation above the
reference) would have a segmental mass of 1. 1kg {one nmass
standard deviation above the reference). If shape and
composition were constant for specific segments, a single
predictor would be sufficient to predict in all cases. However,
since there are individual differences, a battery of variahies

is needed to reflect the different tissue contributions.

ZSEG = (A1%ZX1 + A2%ZX2 + ..+ An*ZXn) / n

where: 25EG is segment mass
expressed in Phantom mass
standard deviations.
ZX1 and ZX2 etc. are
segment lengths or

girths expressed in

20



Phanton variable
standard deyiations.

#a” is the arithmetical
divisor which ensures
that identical Phanton
Zz-values for each of the
predicting parameters
vould give an identical

mean zZ-value for the segment.

The second model would predict segmental mass based on the
deviation of intra-segmental anthropometry from the reference

anthropometric values of the Phantom of Ross and Wilson {1974).

Volume~Based {VOL) Hodel

Both the regression and P/D models wére based on the
prediction of mass, for each segment, directly from the measured
variables. However, since the prediction of volume has been the
commonest approach used in mathematical segment models, an
improved approach to mass might be made through volume.
Therefore a third model was hypothesised which regressed the
derived variable of a girth squared times the length, for a

segment, against the segment mass.

Y = A1% [ {X1)*%2)*X2 + C
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where: X1 is a segment girth

X2 is a segment length.

CADAVER DISSECTION

The focus of nearly all of the investigators who have
conducted cadaver segmentation studies has been a biomechanical
one. Their main aim has been the in vivo prediction of mpass and
centre of mass of various segments. Dempster(1955), Clauser et
al. (1969) and Chandler et al. (1975) also measured the moments of
inertia of each segment as a further aid to biomechanical
analysis.

A érucial feature of dissection with the above focus is the
selection of the cutting plane when severing body parts. The
practice of dissection unidirectionally through joint centreé,
vhich facilitates some biomechanical analyses, appears to create
some anomalous situations in terms of the allocation of various
tissues to various segments. For exampie, the joint centre at
the knee is on a line between the maximum protrusions of the
medial and lateral epicondyles of the femur. Biomechanical
severance at this joint centre leaves major portions of the
femoral condyles associated with the leg segment and the patella
divided between the leg and thigh segments.

Discussion of this situation with a biomechanist

{Chapman,1982) , led to the conclusion that the various cuts
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could well be made on the line through the joint centres, but
only as far as the soft tissue was concerned. The bone ends
could then be circumscribed leaving the bones intact in the
segment wherein their major portion lay. All parts of the femur,
for exanmple, Qould then be allocated to the thigh segment (as
would the whole of the patella). This technique had at ieast a
part precedent as it had been used at the shoulder and hip by
Harless{1860), though he segmented the more distal joints by
unidirectional cuts through bony condyles.

A third technigue has been pioneered by Grand (1977) during
the course of some three thousand dissectioﬁs on over eighty
different species. Grand's (1977) approach is to cut individual
muscles at their origin or insertion and assign them to one side
or another of the joint. The assigning is generally based on all
parts of a muscle going to the segment wherein lies the majority
of its mass (c.f. Chapman's suggestion above, with regard to.the
bone allocation.). Grand's({1977) rationale is that this
facilitates comparison of completely intact muscle groups in
corresponding segments of different animals. He feels that the
method is no more arbitrary than the joint-centre method of
Dempster {1955) since

"the mammalian body does not lend itself to simple
geometrical segmentation,™ 12

In 1979, a co-operative dissection study was initiated by

Dr W.D. Ross of Simon Fraser Upiversity(SFU) amd Dr J-P Clarys

12grand{1977), page 214.
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of Vrije Universiteit, Brussel (VUB). The study evolved into,
perhaps, the most comprehensive cadaver analysis study ever
under taken. Clarys and two Simon Fraser investigators, Martin
and Drinkwater, conducted the research in Brussels in 1979/80.
Tventy seven éadavers were completely fractionated into five
components {skin, adipose tissue, nmuscle, bone and residual)
following extensive anthropometry, and each component was’
weighed in air and in water.

Since the above study was not specifically investigating
segmental parameters, no attempt was made to follow a segmental
approach within the limbs. For example, all the adipose tissue
for the whole of the upper limb was combined, no differentiation
being made between that from the hand and that from the arm or
forearm.

The limbs, in toto, were segnented from the trunk according
to a set protocol, however., A vertical cut was made at the |
shoulder, with circumscription of the humeral head, to detach
the upper limb, and a sinuous cut was made from the iliac crest
to the ischium, circumscribing the femoral head, to detach the
lower limb proximal to the gluteal nmuscles.

In order to facilitate maximum future use of the already
available data from the main VUB study and to avoid sectioning
any bones, it was decided to use a modification of the second
technique in the six cadavers {3 male and 3 female).

The modification consisted of severing the segment at the

joint space, along a single plain as far as the soft tissues
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were concerned, and circumventing any bony parts where they
protruded across the plane of the cut.

It was decided that the cadaver research would entail
measurement, segmentation and further measurement on cadavers
available at fhe Instituut voor Morphologie, Vrije Universiteit,
Brussel, Belgium. The dissection data assembly would bé
supervised in Brussels by Professor Dr. J-P. Clarys, of the
Faculty of Medicine.

Each cadaver would be weighed, first in air and then
underwater. Repeat measures would be taken bilaterally as
discussed in Chapter II.

Each cadaver would be segmented into fourteen parts - head,
neck and trunk, two each of: thigh, leg, foot, arm, forearn,
hand, {also as outlined in Chaptef 11). Figure 1.1_depicts the

general segment divisions.
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Fiqgure 1.1 Anatomical Segments.

O HEAD

PREDICTION OF

Pt R

SEGHMENT TISSUE MASSES

Dempster (1955) dissected a single cadaver into tissue
components and Deampster and Gaughran{1957) fractionated seven
cadavers into skin and fascia, muscle and bone. However, as
discussed earlier in the chapter, the data were only reported as
percentages of total segment weight and not related to segmental

anthropometry.
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Since the main thrust oi the thesis necessitated cadaver
dissection it was decided not to miss the opportunity to
complement the work of Clarys et al. {1984) and fractionate each
of the individual l1limb segments into its four constituent
components, |

The trunk and head segments would not be fractionafed, as
sufficient manpower was not available to complete such an’
undertaking. In addition, duplication of the hip and shpulder
segmentation technique used by Clarys et al. (1984) meant that
fractionation data was already available on the trunk and head.

Each segment would be weighed in air and water. The linmb
segments would then be fractionated into four components, viz.

skin, adipose tisue, muscle and bone.

BIOMECHANICAL MODEL DEVELOPMEN

At the time of the setting up of the research phase in
Belgium, correspondence was initiated vitﬁ Charles E. Clauser at
the Wright-Patterson Air Force Base inIOhib. Immediately before
departing Simon Fraser for Brussels, the author was honoured
with a tape from Ohio containing all the raw data from Clauser
et al.'s 1969 study.

As a result of this generosity, it was decided to develop a
second set of prediction models, parallel to those proposed
above, based on Clauser et al. *s(1969) sample, which would

predict the masses of biomechanical or 'link' segments.  (Since
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Clauser et al.?'s{1969) segmentation had had a biomechanical
orientation.) Thus the study would provide optional models, thé
choice of which would depend on the definition of the segment

desired to be predicted.

APPLICATION AND TESTING OF MODELS

. —— i s

Each model would be applied to its estimating sample to
examine its prediction accuracy. Bach model would then be

applied to three in viv

sanples:

896 children aged 5 to 19. This sample was measured by the Simon
Fraser Anthropometric Research Unit in 1978 and is described
in data summarised by Ross et al. {1980) and Ross and
Harfell-Jones (1982).

142 college adults, This'sample vas measured at Simom Fraser
University by the author and other members of the
Kinanthropometric Research Unii betveen 1980 and 1983. It
consisted of 80 females and 62 males who were taking
Kinesiology courses, but were ﬁot specifically Kinesiology
Majors.

66 international bodybuilders. This sample was measured in 1982
by ¥.D. Ross amd J. Borms in Cairo at the ¥World Amateur
Bodybuilding Championships.

In each of these in vivo samples, the sum of the predicted

segment masses would be compared to the observed body weight,

and the discrepancy expressed as a percentage. This percentage
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discrepancy value would serve as the value for comparison
betvween models.

The criterion for the acceptance of each model would be
based on its ability to:

1. predict iﬁdividual segment weights in its own cadaver sanmple

2. account for total body weight, when applied to in gigg
samples,

better than previously-accepted models.

Differences in predictive ability between models would be
identified by application of the Repeated Measures Test {Hull and
Nie, 1981) ,described by Harris (1975), to individual percentage
discrepencies. These would be confirmed by application of the
Friedman Test (Hull and Nie, 1981) , described by Conover {1971).
The statisical significance of any superiority demonstrated by
the best predicting model would then be re-examined by the
Repeated Measures Test using contrasts to compare this model.
with any other, individually. |

True validation of each model is not really possible since
the technique discrepancy results in raw data only being
available in one sample for each technigue. (Dempster(1955) and
Dempster and Gaughran (1967) see technique uniformity as crucial
to any comparison or combination of samples.)} However, an
indication can be obtained of the accuracy of the models in
predicting segument mass by applying the anatomical models to the
biomechanical sample, and vice versa, taking cognisance of the

technique discrepancy.
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Therefore, each podel should also give a reasonable
prediction of individual segment mass in the parallel cadaver
sample.

| In addition, the models would be applied to the main
Cadaver Analyéis Study(CAS) sample {Clarys et al., 1984) and
tested on their ability to predict the combined trunk aﬁd head

segments and the total upper and lower limb segnents.

DEFINITIONS

The terms "mass" and "weight" have been used synonymously
so far. The semantic difference between the two is that weight
is derived from mass by multiplying by gravity. Since
anthropometry is not thought to change to any measurable extent
by a change in gravity, then the parameters being predicted by
the models are actually masses. However, observed body weight is
a factor in a) the indirect validation and b) much of the
discussion, so it would be inapptopriate to refer to mass in
this conﬁext.,siailarly, the whole—segmént parameter measured in
the cadaver sample was weight not mass. Reports in the
literature do not make this distinction between segment mass and
segment weight, It would be nnnecessarily confusing to do so.
The term "mass" will be generally used in this study, but the

term "sweight” will be used in the context of the literature.
Two distinct segmentation technigques are considered in this
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study:

1.

The technigue enmployed by the author {considered first at
each stage throughout the study), involving segmentation
through joint spaces, will be known as the ANATOMICAL
segmentation technique.

The technique enployed by Clauser et al, (1969), invélving
segmentation through joint centres of rotation, will be

referred to as the BIOMECHANICAL segmentation technigue.

There will be two estimating cadaver samples:

That segmented by the anatomical techn igue will be known as
the MiniCAS {HMCAS) sample, as it vas a smaller continuation
of the Cadaver Analysis Study{CAS) of Clarys et al. {1984).
Models estimated from this sample will predict anatomical
segment masses and their names will be prefixed by the
initials MC.

That segmented by the biomechanicalAtechnique, will be known
as the CLAUSER (CL) sample. Models estimated from this saample
will predict biomechanical segment masses and their names

will be prefixed by the initials CL.

There will be three types of model:
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1a

That which regresses segment anthropometry against segment
weight will be known as the REGRESSION {(REG) model. Models of
this type will contain the initials REG in the centre of
their nane.

That vhicﬁ predicts segment mass as a deviation from a
reference mass will be known as the |
PROPORTIONALITY/DEVIATION(PD) model. Models of this type
will coptain the initials PD in the centre of their nane.
That which predicts segment mass by way of segment volume
will be known as the VOLUME-BASED(VOL) model. #Models of this
type will contain the initials VOL in the centre of their

name.,

There will be six testing samples:

1.

4,

Models applied to the anatomical cadaver sample (MCAS) will
be designated with the initials MC as a suffix.

Models applied to the biomechanicaltcadaver sample {CL) will
be designated with the initials CL as a suffix.

Models applied to the main Brussels cadaver sample (CAS) will
be designated with the initials CAS as a suffix.

The child sample will be known as COGRO(COC). Models applied
to this sample will be designated with the initials CO as a
suffix.

The college sample will be known as NEWADULT (NA). Models
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applied to this sample will be designated with the initials
NA as a suffix.

6. The bodybuilder sample will be known as BODYBUILD{BB).
Models applied to this sample will be designated with the

initials BB as a suffix.

For example:

MCPDBB will indicate a PROPORTIONALITY/DEVIATION model,
estimated from the MiniCAS sample, which predicts
{anatomical) segment mass in the BODYBUILDER sample.

CLYOLCO will indicate a VOLUME-BASED model, estimated from the
CLAUSER sample, which predicts (biomechanical) segment mass
in the COGRO sample.

This study has addressed itselflat length to the situafion
of using percentages of total body weight to predict segment
mass, and the unavailability in thiSVSituation of the indirect
check of accounting for total body weight._When the dependent
variable in a regression equation is comprised of part or all of
the same variable as the independent variable, there is a
spurious relationship between the two. In this study, the word

*spurious!' denotes such a relationship.
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Two terms will be used in making evaluations of the

predictive abilities of the models considered in this stﬁdy.

These terms are:

1.

*Acceptable'. This term will be used:

de

For absolute predictions - when 95% of the individual
segments are predicted within 15% of their’true‘value.
{This was based on a value intermediate to the
"acceptable"” prediction of 95% within 2)% of

Barter {1957) and the "exceptional" prediction of half
within 10% of Hamavan{1964).)

For comparative predictions - when there is no
statistically significant difference at the 0.05 level
between the predictive ability oﬁ the modei and its

comparator.

1Good?'. This term will be used:

Qda

For absolute predictions - when 95% of the individuél
segments are predicted within 10% of their true value.
For comparative purposes - to describe the predictive
ability of a model whose predidticn is statistically
significantly better than its comparator at the 0,01

level.

ERRORS AND ASSUMPTIORS

Whereas the use of cadavers to coastruct segmental

prediction cvercomes the problém of prediction validation within
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the sample, it raises the guestion immediately of the wvalidity
of applying the relationships found in such a sample to the
living.
Todd and Lindala{1928) used preservative to restore the
tissue to "noimal" appearance in fifty white male cadavers {in
the course of investigating post mortem changes in tissﬁe
thickness). They found that the amount of preservative used
markedly affected circumferential measurements. In his 1955
study, Dempster used seven unpreserved cadavers and one embalmed
cadaver. He made no distinction between the two conditions isn
measuring or reporting. In a personal communication to Clauser
et al. {1969), Dempster wrote:
"preserved specimens, which look natural, have in all
probability, a weight and volume similar to that which
they had at death.m13

Fujikawa{1963) used four preserved and one fresh cadaver. He

observed:
"little influence of the injected formalin-alcohol about
the ratio of weight of each part to the body weight and
little individual difference of the physique" 14

and also made no differentiation between the cadaver types.

Clauser et al.{1969) used thirteen embalmed cadavers. They
injected a solution (approximately three gallons) containing
equal proportions of phenol, glycerine and alcohol by gravity
flow through the subclavian and femoral arteries. They observed
that:

t3Claunser et al. (1969), page 18.

tePpjikawa{1963), page 124.

35



“"the preservative is not retained in the guantities
injected for any appreciable time....the tissue
appearing only to retain the amount needed to replace
body fluids lost through the skin immediately post
mortem." 15

This finding answers the guestion raised by Todd and

Lindala{1928) concerning the cruciality of the apmount of

preservative injected. Clauser et al. {1969) concluded that:
"cadavers, if properly treated, will be closely
comparable, in mass distribution and density, to living
subjects... {and)...use of preserved specimens is not

believed to have introduced a significant bias in the
results obtained.™ 1%

If there are changes in circunferences and segment
composition, these changes should be detectable
anthropometrically. The relationships should not chkange to any
marked extent, only the absolute values; It is a major
assumption of this study, therefore, that the relationship of
anthropometry to segment -composition in cadavers is similar to
the relationship of anthropometry to segment composition in the
living.

Based on the work of the above authors, it appears that
enbalmed cadavers can be used to approximate these relationships
in the living. It is a further assumption that the use of
embalmed cadavers, as opposed to fresh cadavers, will not
appreciably affect the predictive ability of the models
generated. This assumption was further reinforced by the use of

enbalmed cadavers by Chandler et al. {1975) and Clarys et

T —— " —— -

15Clauser et al. (1969), page 18.

16Clauser et al. {1969), page 18.
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al. [1984).

BESEARCH DESIGN SUMMARY

The research design was sunasmarised as follows:

1. Segment a cadaver sample using the anatorical segmentation
protocol.

2. Build three models estimated from this sample, to predict
anatomical segment masses. These would be
a. A straight regression model of anthropometry predicting

segment weight.

b. A proportionality/deviation model predicting segmeant
veight as a deviation from a reference segment weight
paralleling the ;nthropcmetric deviation from reference
anthropometric values.

€. A volume-based model of anthropometry predicting segment
mass based on predictor variables associated with
volume, i.e. a squared girth times a length.

3. Build three parallel modelé based on the cadaver sample of
Clauser et al. (1969), ¥right-Patterson Air Force Base, Ohio.
These models would predict biomechanical segment masses in
accordance with the technique used by Clauser et al.(1969)'
to segment their subjects.

4. Validate each model by applying it to an independent cadaver

sample.
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The

Evaluate each model by applying it to:
a. The cadaver sample from which it was estimated.
b. EBach of three in vivo samples:
1) 896 children aged 5 to 19(COGRO).
2) 1#2 college adults (NEWADUDLT).
3) 66 international bodybuilders {BODYBUILD).
thesis, therefore, would inve$tigate and provide
viable models for the prediction of both anatomical and
biomechanical segment mass from segmental anthropometry.
equations for the predictioh of segmental tissue masses fron

anthropometry.
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I1. MXETHODS

This chapter describes fully the anatomical cadaver
dissection phase of this study.

The anatomical phase of the research was carried out.in the
Department of Anatomy in the Iastituut voor Norphologie, Vrije
Universiteit Brussel (VUB), Brussels, Belgium. The dissection
team consisted of six technicians from the department and éight
medical students, directed and led by Dr. J.P. Clarys and the
agthor. |

The cadavers were obtaimed via the testament system in
operation at VUB. This system permits donation of a body either
by a subject prior to demise or post-demise by the executors. It
has been operated successfuly in Brussels for a considerable
period with both legal and social apprbval.

The six cadavers dissected were selected from a total of
seventeen egbalmed cadavers stored on stainless steel trays {(for
periods varying from one to tvo years) in cool storage at 3
degrees Celsius within the departmenf. Selection was on the
basis of overall physical appearance aﬁd the general absence of
wasting, except in the case of Subject 1, who was deliberately.
selected to increase the heterogeniety of the sample.

Embalming had been carfied out originally within 48 hours
of demise by the infusion under pressure of approximately 6

litres of esbalming fluid via either the tibial or carotid
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artery. Three female and three male cadavers {[See Table 2.1)
were measured and dissected. The effects of embalming and the
necessary assumptions concerning this type of material have been
discussed in Chapter 1. Basic data on the subjects are shown in
Table 2.1. |

Subjects 1, 5 and 6 died of age-associated heart féilure.
Subject 4 died of a drug overdose. The cause of death of
subjects 2 and 3 was not known at the time of dissection.

Each cadaver was suspended overnight to raise its
temperature from that of the chilled storage room to room
tenperature (approximately 17 degrees Celcius), and to permit
the tissues to regain their former shape following the lengthy
period of supine lying which invariably had the effect of
flattening the posterior aspect of the whole body. Heat laaps
were applied to assist the raising of the temperature. The
research procedure was then carried out over a two day period
according to the sequence shown in Table 2.2.

On the 1st day the cadaver was marked and a battery of 214
anthroponetric measures was repeated biiaterally. The intact
cadaver was then weighed in air and water. All the
anthropometric measurements were made'by the author with the aid
of an assistant to record data.

On the second day the full dissection team assembled early
in the morning. The cadavers were segmented and each segment vas
weighed both in air and under water. Individual limb segments

were then allocated to members of the research team who
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Table 2.1 ™"Basic Data for the Six Cadavers".

Subject Sex Age at Suspended Supine Body

Demise Length Length ¥eight
{decimal {cm) {cn) Before
years) Dissection

: ' (gm)
1 M 69.3 172.00 169,56 43600.0
2 M 78.5 162.390 161.3 66300.0
3 F 79.5 149.00 148.5 50900.0
4 M 16.0 179.30 178. 4 80100.0
5 F 79.1 151.50 149.9 49000.0
6 F 79.9 165.00 162.0 55750.0
MEAN 66.7 163.2 161.6 57608.3
S.D. 25.1 11.7 11.4 13418.0

Table 2.2 "Cadaver Measurement, Segmentation
and Fractionation Schedule.”

Day 1. ¥hole body and segmental anthropometry.
Whole body weighing in air and under
water.

bDay 2. Whole body weighing in air.

Segmentation into 14 segments.
Weighing in air and water of
whole segments.

Removal of skin and subcutaneous
adipose tissue. -
Lean body anthropometry on
individual segments.

Continued fractiomation of
segments into component tissues.
Weighing of tissues for each
segment in air and under water.
Osteometry.

dissected them into skin, adigpose tissue, nuscle and bone

components, Each component was then weighed in air and under
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water. This procedure continued throughout the day until all the
segments had been completely fractionated and weighed. Usually
this was achieved within 12 hours. Osteometric measurements were

then taken on the limb bones.

Preparation.

The anthropometric training and‘mastery of technique was
part of the ongoing preparation of the author within the
Kinesiology Graduate Program at Simon Fraser University. This
consisted of constant measuring practice and data collection
over a period of two and ‘a half years from September 1980. In
that period, the author measured 157 individual subjects unaided
and also measured 217 further subjects as a member of variuos
measuremnent teams. Specification of landmarks and discussion of
technique nuances were summarised as part of this experience.
This summary has been reported as standards in Ross and
Mar fell-Jones (1982) . Further, the author measured 32 wmacaques at
Simon Fraser University and five macaques at the Oregom Regional
Primate Center. Under the guidance of Dr T.I. Grand, four of the
macaques were Jdissected at the Center to establish the

segmentation techniques employed in this study.
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Measurement Selection.

The selection of anthropometric measurements was based on
three criteria:

1. All those\measures taken by Clauser et al.(1969).

2. All those ﬁeasures taken by Clarys et al. {1984), vhich
included analagous measures to the ip vivo measures
described by Ross and Marfell-Jones {1982).

3. Additional measures not taken by either of the above which
were thought to provide further information about segmental
size, shape and composition, e.g. metacarpal and metatarsal

depth.
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MARKING OF SUBJECT

The anthropometry was preceeded by the marking of the
subject. The cadaver was marked at the sites listed below either
by a cross to indicate a particular point or by a line to
indicate a girth. Limb girth sites were completely circumscribed
by a line at right angles to the loang axis of the particular
body part. |

The definitions of anthropometric landmarks and
intermediate sites are given with the measurement definitions in
Appendix 1. Anatomical landmarks are self defined. The sites
marked were:

Acromiale

Radiale

Lateral Epicondyle of the Humerus
Medial Epicondyle of the Humerus
Tip of the Dlecranon Process
Stylion

Metacarpale III

Cervicale

Axillary trunk girth
Mesosternale

Xiphion

Ilio-spinale

Trochanterion

Tibiale Laterale

Tibiale Mediale

Malleolare Externus
Malleolare Internus
Metatarsale IIX

Axillary arm girth

Triceps site

Triceps girth

Biceps site

Minimum arm girth

Elbow girthk

Maximum forearm girth
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Maximum forearm site
Mid forearm girth
Mid forearm site
Bi-stylion girth
Upper thigh girth
Mid thigh girth
Anterior thigh site
Medial thigh site
Posterior thigh site
Maximum calf girth
Medial calf site

Mid calf girth
Minimum ankle girth

Though it is obvious from the above list that a
considerable number of marks were made on the cadaver, this
saved a great deal of time, during the measurement phase, in

locating the exact measurement site.

REFERENCE DISTANCES

To enable corresponding lean body and osteometric measures
to be made at approximately the same points on the linb, thé
distances between the sites of these measures and some easily
distinguishable bony landmark were measured at the time of

marking the cadaver. The reference distances were:

Arm
Axillary fold to medial epicondylar humerus

Triceps site to lateral epicondylar humerus
Minimum arm girth site to lateral epicondylar humerus
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Forearn
Maximum forearm girth site to olecranon tip

Mid forearm girth site to olecranon tip
Proximal wrist girth site to stylion

Thigh

Upper thigh girth site to medial epicondylar femur
Mid girth site to medial epicondylar femur

Leg
Maximam calf girth site to tibiale laterale

Mid calf girth site to tibiale laterale
Hinimum ankle girth site to malleolare externunm

MEASUR EMENT

Following the marking of the subject, anthropometric
measures were taken. These consisted of skinfolds {by two
different types of caliper), girths, direct lengths, breadths
and depths. All measures, except those specifically mentioned,
vere made with the cadaver suspended ffom the ceiling by a head
harness. 34 total of 182 different variables were repeat-measured
on each subject. The mean of the two measures was accepted as
the value for that parameter. Where the second measure did not
approximate the first, a third, and if necessary a fourth,
measure was taken. The specifications for each of the
anthropometric measurements are given in Appendix 3.

All head measurements were made in the supine position as the
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head harness precluded measurements whilst suspended.
Although not indicated on the lists, measurements were made

bilaterally, except where there was only one, e.g. chest girth.

The anthropometric instruments are shown in Appendix 2.

INSTRUMENTATION
Measurements were made using the appropriate instruments as
shown in Figure 2.1.
These were:
Martin Anthrobometer {a)
(with baseplate) (D)
Slimguide Skinfold Caliper (c)
Anthropometric Tape (d)
Yidespreading Caliper {e)
Harpenden Skinfold Caliper (f)

Bone Caliper {not shown)

These instruments are described in Appendix 2.

SKINFOLDS

The first series of measures taken were the skinfolds.
These vere taken at each of the sites listed below, first using
the Harpenden Caliper, and then the Slimguide Caliper. The

former measures were used in the subsequent model development.
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"Anthropometric Instruments."

Figure 2.1
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The sites were:

Subscapular
Triceps

Biceps

Maximum forearnm
Mid forearn

Dorsum of the hand
Anterior thigh
Medial thigh
Posterior thigh
Supra-patellar
Medial calf

Dorsum of the foot
Pectoral

Iliac crest
Abdouminal

Some difficulty was experienced in taking some trunk and
thigh skinfolds. This was partly due to the obesity level of
some of the snbjects, partly due to the stiffuness of the
cadavers after so long a period at a low temperature, and,
particularly in the thighs, partly due to the flow of embalmiag
fluid into the limbs as a result of béing suspended overgight

prior to measurement.

GIRTHS

All girths were measured using a Keuffel and Esser
Khyteface steel anthropometric tape {(No. 860358). Girth
peasurenents were made at each of the following sites:

Axillary arm
Triceps
Minimum arm {Proximal epicondyle humerus)

Elbow
Maximum forearm
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¥id foreara

Proximal styloid
Bi-styloid

Distal styloid
Metacarpale

Proximal phalanx of third digit
Upper thigh

Mid thigh

Supra-patellar
Mid-patellar
Infra-patellar

Maximum calf

Mid-calf

Minimum ankle
Bi-malleolare

Highest point of the arch
Metatarsale

Proximal phalanx of the hallux
Forehead

Nasion

Mandible

Suprathyroid

Infrathyroid

Axillary trunk
Mesosternale
Thelion/Breastfold
Xiphion

Waist

Gluteal

DIRECT LENGTHS

Direct lengths were measured with the Siber-Hegner GPH
anthropometer of the Martin type assembled in the sliding

caliper mode., The direct lengths were:

Acromiale - Radiale

Radiale - Stylion

Stylion - Metacarpale III

Stylion - Dactylion

Trochanterion ~ Tibiale

Tibiale - Malleolare laterale
Malleolare Laterale - Ball of Heel
Akropodion - Pternion
*Vertex - Tragion
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*Vertex ~ Mastoid
*Vertex - Menton
*Inion - C7
C7 - Coccyx
Total Suspended Length ({Vertex - Ball of Heel)
*Total Supine Length {(Vertex - Ball of Heel)

* = Measured in the supine position.

BREADTHS

Lirb breadths were measured with the Adapted Mitutoyo bone

calipers, as described by Carter {1980). These were:
Bi-epicondylar humerus -
Bi-styloid
Metacarpale
Bi-condylar tibia
Bi-malleolare
Submalleolare
Metatarsale

Head breadths were measured with the Sibner-Hegner GPM

widespreading caliper. These were:

Bi-tragion breadth
Bi-zygomatic breadth

Trunk breadths were measured with the Siber-Hegner GPHM
anthropometer of the Martin type assembled in the sliding
caliper mode. These were:

Bi-acromial

Mesosternale

Xiphion

Bi~iliocristal
Bi-trochanteric
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DEPTHS

Hand and foot depths were measured using the Adapted

Mitutoyo bone calipers. They were:

Metacarpale IIT

Betatarsale III
The head and trunk depths swere measured with a Siber-Hegner
widespreading caliper. They were:

Inion-glabella

A-P chest [mesosternale)

A-P chest (Xiphion)
The buttock depth was measured using a Siber-Hegner

anthropometer in the single mode, with the unarmed base resting

on the tray on which the cadaver was supine.

Following completion of all the anthropometric measures,
the cadaver was weighed on a Beam Scale prior to the underwater

weighing procedure.

HYDROSTATIC WEIGHING

The total body hydrostatic weighing was conducted in a
large stainless steel tank 2 metres x 1 metres x 0.75 metres.

The apparatus used to perform the measurement is shown in Figure
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2.2. It consisted of a tubular steel frame, suspended by four
chains from a Toledo Scale, and a large steel Greek cross for
weijghting the cadaver. The scale was zeroed prior to each
weighing by attaching a large plastic bottle to it with only the
chains suspended from it. The bottle was then filled to the
level which elicited a zero reading on the scale. The ffame and
cross were then attached to the chains and their combined -
undervater weight measured. The bottle was removed from the
scale., The cadaver was placed on the tray, immersed in the tank
and weighted down by the cross. The calibiation bottle was
reattached to the cross-bér of the scale and the hydrostatic
weight of cadaver, frame and cross were noted, after a period of
time {at least ten minutes) to allow air to escape from within
the body and £ill the lungs with water. The cadaver was then
placed on a large steel tray, dried with a towel and reweighed
to establish the weight of water taken into the lungs during.the

hydrostatic weighing procedure.

SEGMEETATIOHR

The following day the cadaver was segmented and the limb
segments dissected.

The segmentation was not carried out in any particular
order, save that the entire limd was severed from the trunk
prior to division into its three parts viz. arm, forearm and

hand, or thigh, leg and foot. The amatomical segmentation
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"Total Body Hydrostatic Weighing Apparatus"

Figure 2.2
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procedures are described in the following pages, vith
accompanying figures showing the planes of segmentation. The
solid black line in each figure (2.3 to 2.9) denotes the
anatomical segment plane. FPor evase of comparison, the
biomechanical\segmentation plane (as used by Clauser et al.,
1969) has been included in each figure. This is denotedvby the

serrated line.
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1) Neck

The cut began at the chin/neck junction inferior to the
hyoid bone and continued posteriorly between the 2nd and 3rd
vertebral bodies and to completion through the skin on the back
of the neck. Every effort was made to maintain the line of the
cut as near to the transverse plane as possible, This line was
very similar to that of Clauser et al. {1969) and left the
majority of the neck assigned to the trunk segment. {See Figure

2.3)

Figure 2.3 "Cutting Plane for Neck Segmentation®.
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2) Shoulder

The arm was abducted slightly and the cut made in a
vertical plane from the axillary fold to the lateral border of
the acromion process. The cut circumscribed the limb through the
soft tissue ffom skin to bone. The segmentation was then
completed at this site by disarticulation of the head of the
humerus from the glenoid fossa. This paralleled Clauser et
al.'s{1969) technigque in teras of the lihe of cut, but included
no severance of the humeral head as did Clauser's method. {See

Figure 2.4)

Figure 2.4 "Cutting Plane for Shoulder Segmentation®.
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3)’Elbow

The elbow was severed by a horizontal cut at right angles
to the long axis of the arm through the anterior elbow fold, the
cavum articulare of the radio-humeral joint, and the posterior
elbow, to the\bone. The cut was éqmpleted by circumvention and

disarticulation of the olecranon process. {(See Figure 2.5)

Figure 2.5 “Cutting Plane for Elbow Segmentatioa”.
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4) Krist
The wrist cut was through the cavum articulare of the
radio-carpal joint im a slightly elliptical plane at right

angles to the long axis of the forearm. {See Figure 2.86)

Pigure 2.6 "Cutting Plamne for Wrist Segmentation™.
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5) Hip

The cut followed the line of the inguinal ligament from the
anterior superior iliac spine to the pubic tubercle, inferiorly
round the pubis, along the anal fold of the gluteals, and up to
the posterior\superior iliac spiﬁe. The séft tissue vas then
excised from the external aspect of the pelvis and the ﬁead of

the femur disarticulated from the acetabulum. (See Figure 2.7)

Figure 2.7 "Cutting Plane for Hip Segmentation™.
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6) Knee
The knee incision vas a straight cut through the cavun
articulare. This left the patella entirely with the thigh

segnent. {See Figure 2.8)

Figure 2.8 "Cutting Plane for Knee Segmentation”.
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7{ Ank le

The cut was a sinuous one beginning immediately distal to
the medial malleolns, circumscribing the talus and ending
immediately distal to the lateral malleolus. The soft tissue
posterior to ihe ankle joint was severed at the level of the

malleolar cut. {See Figure 2.9)

Figure 2.9 "Cutting Plane for Ankle Segmentation®.
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WEIGHING IN AIR AND UNDER WATER

Each of the 14 segments was’weighe&’in air using a
Sartorius V digital balance for the smaller segments and a Beam
Balance scale for the heavier larger ones. The weighing agparati
vere calibrated daily with brass and steel calibration weights.

Each segment was also weighed under water. The limd and
head segments were weighed to the nearest gram in a glass £ank
using a Mettler Precision Scale as shown in figure 2.10. The
trunk was weighed in the large stainless steel tank, by the
Toledo Scale, using the same p;otocol as atilised to
hydrostatically weigh the entire cadaver. Repeat weighings were
carried out for each segment. Discrepancies of more than 1 gm.
resulted in further measures being taken until'agreement within

0.5 grams was achieved between successive weighings.
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"Segment and Tissue Hydrostatic Weighing Apparatus.”

Figure 2.10
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FLUID LOSS

As the segmentation and dissection proceedea, fluid was
lost from the tissues by evaporation and by direct leakage.

To minimise evaporation, segments were wrapped in
cellophane immediately aftér segmentation and whenever not
actually being dissected. In addition, all tissues that had been
fractionated were kept in airtight plastic containers until the
tissue for each segment had been collected and was ready for
weighing in air and under water. Leaked fluid was collected
continuwally during the course of the day and weighed, both after
the segmentation and at the end of the dissection. The weighing
#as done in a container and the weight of the fluid was obtained
by subtraction. The fluid loss for the sample ranged from 1% to

2.5% of the total body weight before dissection.
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FRACTIONATION

The weighed segments were distributed amongst the
dissection tear for fractionation.

For each segment, the skin was removed first aand plaqed in
a separate container. Subcutaneous adipose tissue was dissected
away from the skin and from the surface of the flayed segment
and put in a second container. (The containers used were sméll
plastic buckets with airtight lids. The lids were kept on the
buckets at all times when a tissue was not actually being

transferred to or from a bucket.)

LEAN BODY ANTHROPOMETRY

Following removal of the skin and subcutaneous adipose
tissue, anthropometric measures were made on the limb segments.
The measures paralleled those girths and breadths taken when the
body was intact. Conseguently, their descriptions are the sanme
as those in Appendix 3. The anthropometry performed was as
follows:

Arm
Axilla girth
Triceps girth
Minipum arm girth

Bi-epicondylar girth
Bi-epicondylar breadth
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Forearm
Maximpum forearm girth
Mid forearm girth
Proximal wrist girth
Bi-styloid girth
Bi-styloid breadth

Hand
Metacarpal girth
Proximal Phalanx III breadth
Metacarpal ITI depth

Thigh
Upper thigh girth
Hid thigh girth
Suprapatellar girth
Bi-epicondylar breadth

Leg
Infra-patellar girth
Maximum leg girth
Mid leg girth
Ankle girth
Bi~condylar tibia breadth
Bi-malleolar breadth

Foot
Arch girth
Metatarsal girth

Proximal phalanx hallux girth
Hetatarsal III depth

FRACTIONATION ({continued)

The fractionation cortinued with the further dissection of
the segment into its muscular and bony parts. Any adipose tissue
located during this stage was allocated to the subcutaneous
adipose tissue. The bones vere scraped very carefully to remove

as much adherent tissue as possible.
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WEIGHING OF THE FRACTIONATED SEGMENT COMPONENTS

Once the limb segments had been fractionated into their
four components, viz. skin, adipose tissue, muscle and bone,
each of the components was weighed, both in air and under‘water.
Weighings in air were made to the nearest 0.1 gm, using a
Sartorius V digital balamce. Welghings under water, using the
same system as used for the total segment weighings {shownlin
Figure 2.10), ¥were also made to the nearest 0.1 gm, using a
Mettler balance.

Since the adipose tissue, in nearly all cases, had a
density of less than 1.0 (kg cubed per cubic meter) it was
necessary to use a brass weight to prevent the tissue floating.
This weight plus the weight of the-gauze and wire used to
suspend and contain the tissue was subsequently subtracted fromn
the recorded weights.

To simplify adjusting the underwater weighings the brass
weight was used in all weighings for each of the four
components.

Bones were weighed individually in the forearm {radius and
ulna) , thigh {femur and patella) and leg (tibia and fibula)
segments. The hand and foot bones were weighed collectively for

those segments.
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After the completion of fractionation, osteometric measures
Were taken on fhe arm, forearm, thigh and leg bones. The
measures are défined in Appendix 4.

The reference distances were utilised in this section also,
so that the corresponding girths would be measured at the
approximate site on the bone at which the whole body and lean
body girths were measured. Eleven combination measures were
taken on those segments which contained twvo long bones {five in

the forearm and six in the leg). These were:

Forearn
Baximpum forearm girth
Mid forearm girth
Minimum wrist girth
Bi-stylion girth
Bi-stylion breadth

Leg
Tibiale-malleolar externus length
Maximum calf girth
Mid calf girth
Minimum ankle girth
Bi-malleolar girth
Bi-malleolar breadth

The osteometric measures on individual bones were:
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Maximum humerus leagth

4id humerus girth

Proximal epicondylar humerus girth
Bi-epicondylar humerus girth
Bi-epicondylar humerus breadth
Ulna length

Maximum forearm ulmar girth
Mid nlnar girth

Radius length

Maximum forearm radial girth
Mid radial girth

Maximum femur length
Trochanterion-condyle length
Upper femur girth

#id femur girth
Bi-epicondylar femur girth
Bi-epicondylar femur breadth

Maxismum tibia length

Tibiale mediale - malleolare internus length
Maximum calf tibial girth

Mid calf tibial girth

Maximom fibula length

Head of fibula - malleolare externus length
Maximum calf fibular girth

Mid calf fibular girth

These measures are defined in Appendix 4.
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FLUID ADJUSTHENT

The underwater weights were all first adjusted for the tare

weight as mentioned above. Once this had been done, volumes of

tissues were calculated on the basis of Archimedes' Principle

{(outlined by Katch and McCardle,1983) that an object immersed in

water experiences an upthrust equal to the weight/volume of

water displaced i.e. its weight as measured undervater is less

than its weight as measured in air by an amount egual to its

volunme.

Weights in air and volumes were then adjusted for fluid

loss experienced during the course of segmentation and

dissection. This adjustment was carried out in four stages.

Firstly, each segment weight was adjusted. This was doné by
sumning the observed segment weights and subtracting the sun
from the observed totals. The difference was then multiplied
by the ratio of each segment ueighi over the summed total
and added to that segment to obtain the fluid-adjusted
segment weight.

The volume of each segment was then increased by the sane
absolute amount on the assumption that the increased weight
was made up of fluid at a density of 1.0 {kg cubed per cubic
meter). Segnent densities, when calculated later, were bpased

on the adjusted values.
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3. The third ad justment stage consisted of increasing the
weights of the four component tissues within each segment,
on the same basis as in 1, so that the adjusted tissue
weights added up to the adjusted segment weight.

4. Lastly, t&e volumes were adjusted for each tissue {as in 2).

The overall effect of the adjustments was to restore the
situation wherein the sum of all individual tissue amounts
corresponded with the observed total body weight immediately
prior to dissection. The average adjustment at the segment ‘level
wvas 5% and at the tissue level 9%.

This method of adjustment does not correspond fully with
the method used by Clauser et al. {(1969), who, although they made
the weight adjustment in the same manner, adjusted the volume by
an amount necessary to retain the same density. Clausér et
al.'s{1969) method, therefore, assumed that the fluid lost was

of the same density as the limb segment,

Clauser et al.'s{1969) methodology is described fully in
Aerospace Medical Research Laboratory Report, TR-63-70, "Weight,
Volume and Centre of Hass of Segments of the Human Body"(1969).
The differences between the dissection phase of Clauser?'s study
and that of the ™anatomical” dissection, described above, were
in the segmentations at the shoulder, elbow, hip, knee and neck.

Clauser's segmentation lines divided the segments at the end of
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their biomechanical links.

Clauser's sanmple consisted of 13 male cadavers selected on

the basis of a)Age at death; b)Overall physical appearance,

including evidence of pre- or post-mortem wasting; c) Evidence of

debilitating diseases or accidents before death, including

coroner's statement as to cause of death; d) Body weight;

e) Stature.

Statistical Analysis

The statistical analysis of the models developed would be

handled in four stages.

1.

To examine differences in individual segment prediction
between models on the estimating sample, the Repeat Heasures
Test {Hall and Nie, 1981) would be useﬁ. This test would .
first be applied using a Split Plots option to examine the
normality of the distribution. If the distribution was
normal, the test would then be repeated using ¥Wilks' Lambda
to identify significant differences between the models based
on the percentage discrepancy between the predicted and
observed masses. If the distribution was not normal, the
Friedman Test{Hull and Nie, 1981) would be used to effect
the same analysis by a non-parametric approach.

To examine differences in individual segment prediction
between models on an independent sample, Student's "t"

Test {Ferguson, 1976) would be used to compare a selected
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3.

4.

pair of models. The test would be One-Tailed with Paired
Sanples.

To examine differences between models in accounting for
total bodyweight in ip viyo samples, the Repeated Measures
Test Hoﬁld be used again, first with Split Plots, then with
Wilks®' Lambda. If necessary, the Friedman Test woulﬁ again
be used. Normality of distribution would be checked by the
Kolmogorov~-Smrirnov Test {Hull and Nie, 1981).

To examine significant differences in prediction between two
selected models (those tvwo with the smallest mean perceantage
discrepancy between predicted and observed bodyweight), the
Repeat MNeasures Test or the Friedman Test would be applied

using Special Contrasts to compare the two selected models.
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I1I. DATA FROM THE ANATONICAL SAMPLE.

Chapter Three describes the data ohtaiﬁed from the cadaver
dissection., The data is unigue in thé areas of body composition
and segmentation. It is important that it be set out clearly for
the benefit of these fields.

The sample was specifically selected to provide as wide a
range of morphologies as was possible within the limitatioﬁs of
the research project. To this end both males and females were
included. In addition, the presence of Subject I, a thin
specimen, and Subject 4, a 16 Year old male, ensured a greater
heterogeneity within the Samplé.

Over 450 measured variables and numerous derived variables
{e.y. density, percentage weights,) contributed to a large data
assembly. The complete set of raw data {with the coded variables
defined) is included in Appendix 5. A number of variables have
been selected for each segment, which indicate the general
segmental status of the individual and show some of the
anthropometric values which are thought to reflect the segmental
mass. The variables chosen include all those used to coastruct
the various models. ﬁeans and standard deviations are also given
for each variable. The contents of each table are self

explanatory.
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SEX

Male
Male
Female
Male
Female
Pemale

RN E Wy =

Hean

Age at
Denise
{decimal
years)

69.0
78.0
79.0
16. 0
79.0
79.0

Standard Deviation

Total
Weight
before
Dis~
section

43600.0
66300.0
50900.0
80100.0
49000.0
55750.0

57608.3
13417.9

Total
Volune

42060.0
64640.0
50810.90
78460.0
492060.0
544350.0

56610.0
13012.8

Total

Total

Density Supine

1.037
1.026
1.002
1.021
0.996
1.023

1.017
0.015

Length

169.6
161.3
148.5
178. 4
149.9
162.0

161.6
11.4

In this , and all subsequent tables in this chapter,

weights are in grans;

volumes are in millilitres;

densities

are in kilograms cubed per cubic meter; skinfolds are in
rillimeters; and lengths, girths and breadths are in

centimeters,

The skinfold values are those obtained

with the Harpenden Skinfold Caliper as these were the
ones used in the model development.
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Weight

of
Head

3701.1
4532.3
3701.1
5174.6
3481.8
4329.5

4153.4
644.6

Weight
of
Trunk

20234.6
33465.8
24262.7
35336.0
21218.9
25083.6

26600.3
6335.5

Vyolume Density Head Percent
of of Girth of
Head Head Body
Aeight
3367.9 1.099 53.6 8.5
4160.8 1.089 55.7 6.8
3410.9 1.080 52.7 7.3
4716.5 1.097 59.1 6.5
3215.8 1.083 53.9 7.1
4041.9 1.070 55.4 7.8
3819.0 1.087 55.1 7.3
584. 1 0.010 2.3 0.7
Volune Density Trunk Trunk
of of Girth Length
Trunk Trunk Meso- Cervicale

Sternale to Coccyx

20864.6 0.970 78.6
33495.8 0.999 95.3
26714,7 0.982 85.7
36031.0 0.981 101.3
22218.9 0.955 84.2
250%1.6 1.001 89.1

27062.8 0.981 89.90
5217.0 0.018 8.2
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Bi-ilio- Haist Abdominal Percent

cristal Girth Skinfold of Body
Breadth Weight

31.5 63.1 2.5 Ub.4

29.0 88.5 10.0 50.5

29.2 78.5 18.3 47.7

27.6 84.8 8.0 44,1

27. 4 75.6 12.8 43.3

31.5 73.2 10. 4 45.0

29.4 77.3 10.3 46.2

1.8 9.0 5.2 2.6
fleight Volume Density Left Acromiale Percent
of Left of Left of Left Triceps Radiale of
Arm Aram Arm Girth Length Body
Weight

1049.7 1036. 3 1.013 18.3 33.8 2.4
1650.1 1600.0 1.031 28.8 32.2 2.5
1347.3 1332.5 1.011 24.2 30.3 2.5
2267.3 2159. 4 1.050 30.9 35.1 2.8
1508.3 1475.9 1.022 27.0 28.4 3.1
1449, 4 1409.5 1.028 24.0 34.2 2.6
1545.4 1502. 3 1. 026 25.5 32.3 2.7
4906.9 373.3 0.014 4.4 2.6 0.2
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Weight Volume Weight Volume Weight Volune
L. Arm L. Arp L. Arm L. Arm L. Arm L. Arm

DU E W=

=

PN E WK -

=

5kin Skin Fat Fat Muscle Muscle
88,7 88.3 55.5 53.2 627.5 599,1
43.2 42.4 T10. 4 751. 3 %439,.8 425.5
162.90 151.3 791.5 B29.9 1041.5 979.1
92.2 86.9 $29.2 658.3 536.8 510.5
102.7 98,0 589. 8 618.6 £38.7 £08.2
41. 1 37.9 272.3 288.3 2135.8 204.5
Weight Volune Left Left
L. Arm L. Arm Epicond. Triceps
Bone Bone Humerus Skinfold
Breadth
278.90 226.5 6.92 3.5
216.8 180.7 .62 19.2
154.0 128.9 5.11 16.7
272.3 211,5 7. 546 28.9
172.9 143.2 6.30 33.6
191. 2 156.6 6.71 20.9
214, 2 174 .6 6. 50 20.5
51.6 38.7 0.80 10.%
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¥eight
of
R. Arm

1049.7
1660.2
1582.1
2225.7
1390.5
1544.1

1575. 4
385.1

Weight
R. Arm
Skin

88.8
137.3
106.6
147.1

9“’ 6

96.0

111.7
24.5

¥olume
of
B. Arm

1036. 3
1612.3
1557.0
2106.5
1369.2
1503.1

1530.7
349.3

Volume Weight

B. Arm R.
Skin Fat
88.3 53.
130.5 620.
102.2 754,
137.5 730.
91.3 579,
89.9 652.
106.6 583.
21.9 259,

Density
of
R. Arm

1.013
1.030
1.016
1. 057
1.016
1.027

1.026
0.016

Fat
7 60.7
8 647.6
7 791.2
8 763.8
3 722.2
5 686.4
6 612.0
4 275.0

Volume
Arm R. Arn

Right Right
Triceps Acromiale
Girth Radiale
Length
18.0 34.5
27.8 32.1
28.6 30.1
30.1 35.0
26.3 30.1
24.3 34,1
25.8 32.6
4.3 2.2
Weight Volunme
R. Arm R. Arm
Huscle Muscle
599.1 571.8
670.4 bH47.9
566.9 549.9
1069.9 1005.1
445.71. 424.6
59%.7 570.0
658.0 628B.2
214.8 198.3
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Weight

R. Arm
Bone

298.1
23%.17
153.9
277.8
171.5
198.9

222.0
57.8

Weight
of L.
Forearn

615.7
829.1
797 .3
1116.2
732.0
616.4

784 .4
185.3

Iy
Weight

Right Right
R. Arnm Epicond. Triceps
Bone Humerus Skinfold
Breadth
248.6 6.87 3.7
196.2 6.63 24.9
128.7 6.46 17.4
212.8 7.53 24.6
143.0 5.71 26.0
163.3 5.91 26.8
182.1 6.54 20.6
45.4 0.70 8.9
Volume Density Left Radiale
of L. of L. Maximum Stylion
FPorearm Forearm Forearm Length
Girth
602.4 1.022 19.1 27. 4
779.8 1.063 23.7 26.2
784.1 1.017 21.8 22.56
1032.3 1.081 27.3 28.6
688.2 1.064 23.4 22.2
570. 4 1.081 21,2 26.2
742.9 1. 055 22.7 25.5
166.9 0.028 2.8 2.6

81

Percent
of

Body
Keight

b et ol el e e
L T R I
- U N W

L QY
L I
[ I~



NN W
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Weight Volume Weight Volume Weight Volume Weight Volunme
Left Left Left Left Left Left Left Left
F/Arm F/Armn ¥/Arn F/Arm PF/Arm F/Arm F/Arm  F/Arm
Skin Skin Fat Fat Muscle Muscle Bone Bone

53.4 52.1 14,6 14.6 375.8 355.5 171.9 129.1%
56. 9 54.1 200.3 208.9 449.3 429.1 122.6 98.4
95.8 92.1. 369.2 390.1 253.0 243.7 79.4 62.4
85.5 78.9 236.0 245.6 649.2 611.8 145.5 104.7
67.2 66.0 262.2 270.2 307.8 289.1 94.8 74.7
59.1 55.7 135.2 138.0 311.7 295.7 110.3 84.4

69.7 66.5 202.9 211.2 391.1 370.8 120.7 92.3
17.2 16.0 120.3 127.0 143.2 134.3 33.8 23.7

Height Volunme Density Right Radiale Percent

of R. of R. of R. Maximum Stylion of
F/Arn F/Arnm F/Arm F/Arnm Length Body
Girth Weight
635.9 622.6 1.021 20.7 28.3 1.5
893.6 850.1 1. 051 23.7 26.2 1.3
550.3 525.1 1.048 21.8 22.5 1.1
1117.7 1028.5 1.087 26. 4 27.0 1.4
547.3 515.0 1.063 22.0 22.8 1.1
721.2 668.2 1.079 21.6 26.3 1.3
744,.3 701.6 1.058 22,7 25.5 1.3
223.8 201.1 0.024 2.1 2.3 0.2
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Weight Volume Weig

Right
F/ArTnm
Skin

70.2
67.7
27.5
78.0
31.5
0.4

57.9
22. 4

Weight
of L.
Hand

403.7
342.5
246.9
452.8
300.2
342.0

348.0
73.0

Right Righ
F/Arm F/Ar
Skin Fat

68.6 28.0
64.8 216.6
26.3 186.9
72.5 224.1
29.5 147.4
67.8 152.7

54.9 159.3
21.1 71.7

Volame
of L.
Hand

390.2
319.0
231.5
408.0
275.5
314.9

323.2
67.0

ht Volume Weight

t Right Right

m F/Arnm
Fat

27.8
224.3
196.7
232.1
157.8
156.3

165.8
T4.8

Density
of L.
Hand

1.035
1.074
1.067
1..110
1.090
1.086

1.078
0.025

F/Arn
Muscle

360.7
485.2
253.6
666.9
278. 4
381.7

152.6

Left
Meta-
carpal
Girth

19.0
18.5
16.0
19.4
16.8
17.9

17.9
1.3

83

Volume Weight Volunme
Right Right BRight
F/Arm F/Arm F/Arnm
Huscle Bone Bone

343.3 177.0 70.7
466.8 124.0 45.5
244.6 82.3 32.3
624.8 146.7 52.0
263.2 90.0 34,7

363.6 116.4 43.9

384.4 122.7 u47.2
1421 35.4 13.9

Stylion- Percent
Dactylion of
Length Body
Height
19.9 0.9
17.86 0.5
15.7 0.5
19.6 0.6
15. 8 Da.56
17.0 0.6
17.6 0.6
1.8 0.2
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Weight Volume Weight Volume Weight Volume Weight Volunme
Left Left Left Left Left Left Left Left
Hand Hand fdand Hand Hand Hand Hand Hand
Skin Skin Fat Fat Muscle Muscle Bone Bone

59.8 58.2 50.0 49.%6 157.5 149.0 136.4 110.5
52.7 50.9 T4.0 75.6 126.2 121.7 89.6 76.3
37.2 35.4 70.6 73.1 70.8 67.7 68.4 59.4
86.9 79.9 74.4 74.4 179.1 167.9 112.3 S50.1
67.7 6U4.4 61.9 62.4 93.3 88.1 77.3 66.6
55.4 51.3 106.7 106.3 100.8 95.1 79.0 66.0

60.0 56.7 72.9 73.3 121.3 114.9 93.8 78.2

16.6 15.0 19.0 21.1 41.1 38.4 25.7 19.1
Weight Volunme Density Right Stylion- Percent
Right Right Right M-carpal Dactylion Body
Hand Hand Hand Girth Length Weight
464.3 450.9 1.030 21.2 19.9 1.1
353.6 328.7 1.076 18.5 16.7 0.5
259.6 241.3 1.076 16.4 17.0 0.5
429.6 383.7 1. 120 19.0 19.2 0.5
2“1.0 219.8 1:096 16.5 15’7 0.5
306.4 277.8 1.103 17. 4 17.5 0.6
342.4 317.0 1.083 18. 2 17.7 0.8

0.2

90.6 88.56 0.031 1.8 1.6
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#eight Volume Weight Volunm

Right
Hand
Skin

65. 4
45. 4
46.8
B4.9
51.8
60.0

59.0
14.8

Weight
of Lef
Thigh

4835.6
8200.2
6613.4
11406. 2
7260.06
8031.2

7724.5
2175.8

Right
Hand
Skin

67.2
43.5
44.8
77.7
49.%
55.3

Right Right
Hand Hand

Fat Fat
81.2 79.5
108.5 109.9
82.5 83.7

79. 4 78.1
44.6 45.1

93.3 91.6
81.6 81.3
211 21.2

Volume Density
t of Left of Left

Thigh

Thigh

4811.4 1.005
8006.5 1.024
6629.4 0.998
11148.1 . 1,023
7282.6 0.997
7935.8 1.012

7635.6 1.010
2082.2 0.012

e Weight
Right
Hand
Muscle

170.5
107.7
54,2
144.8
68.8
69.8

102.6
46.9

Left Tr
Opper Ti

Thigh Le

Girth

31.4%
48, 8
43.2
56.3
45.7
43.86

44,8
8.2

85

Volume
Right
Hand
Muscle

162.7
103.3
51.7

135.2 -

64.3
65.3

97.1
B#.6’

ochant-
biale
ngth

41.6
42.9
38.5
45.7
34.3
43.5

41.2
ﬁ.z

d#eight
Right
Hand
Bone

147.2
92.0
76.1

120.5
75.8
83.3

Percen
of

Body

Height

1.1
12.4
13.0
4.2
14.9
T4.4

13.3
1.q

Yolume
Right
Hand
Bone

123.2
78.0
85,1
96.0
65,2
67.7

82.5
23.1

t
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Weight
Left
Thigh
S5kin
414.3
489.9
352.6
519.2
442.9
452.6

445.3
58.4

¥eight

Left
Thigh

Bone
890.9
745.2
518.6
873.3
499 .1
681.0

701.4
168.6

Volume Weight Volunme

Left
Thigh
Skin

412.4
465, 4
339.7
477.2
429.3
429.7

425.6

Left
Thigh
Fat

495.6
2885.5
3622.1
4717.5
4190.1
3880.4

3298.5
1501.9

Volunme

Left
Thigh

Bone

724.8

617.6

447, 2

414, 2

549,4

574.7
127.6

Left
Thigh
Fat

494,5
3016.4
3807.9
5002.8
4439.2
4053.2

3469.0
1600.2

Left

Height
Left
Thigh
Huscle

3034.8
4079.6
2120.2
5296.2
2128.4
3017.1

3279. 4
1225. 2

L

Epicond. A

Femur

T

Breadth 5

9.68
9.57

8.86
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Volune
Left
Thigh
Huscle
2937.1
3973.6
2082.7
$005.6
2050.8
2930.9

3163 .4
1145.5

eft

nterior
high

kinfold
3.9
1.3
4.8
32.0
19.3
20.9

17.0
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Weight Yolune Density Right Trochant- Percent

wv =

NN E W -

=

of Right of Right of Right Upper Tibiale of
Thigh Thigh Thigh Thigh Length Body
Girth Weight
4898, 2 4876. 0 1.005 30.6 41.9 11.2
8391.6 8198, 2 1. 024 47.9 42.8 12.7
7025.6 7013.3 1.002 46.9 37.3 13.8
11728.3 11493.9 1.020 57.8 45.9 1.6
7291.0 7303.6 0.998 44,1 33.1 14.9
7659.3 7573.5 1.011 45,0 3.6 13.7
7832.3 7743.1 1. 010 45.4 40.8 13.5
2239. 4 2156. 4 0.010 8.8 4.7 1.4
N ,

Weight Volume Weight Volume Weight Volume

Right Right BRight Right Right Right

Thigh Thigh Thigh Thigh Thigh Thigh

Skin Skin Fat Fat #Huscle Muscle

491.0 468.0 582.3 573.6 2911.1 2802.6

492.7 468.9 3025.5 3164.3 8113.7 3999.7

405.3 387.8 3502.6 3673.5 2562.0 2527.6

636.4 595.6 4874.5 5180.5 5368.3 5069.9

394.1 372.0 4300.8 4569.5 2100.5 2024.4

447 .9 422.9 3716.4 3887.4 2847.1 2819.3

477.9 452.5 3333.7 3508.1 3317.1 3207.3

88.0 80.7 1493.3 16401.5 1206.5 1120.1
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Weight Volume Right Right

Right Right Epicond. Anterior
Thigh Thigh Femur Thigh
Bone -Bone Breadth Skinfold

913.7 715.3 9.70 4,2

759.7 616, 6 9.68 8.7

555.7 465.8 9.85 11.4

849,1 646, 8 11.00 23.%6

495.6 399.9 9.76 17.5

647.7 505.6 8.94 20.5

703.6 558.3 9.82 14.3

165. 4 120.3 0.66 7.4
Weight Volume Density Left Tibiale- Percent
of Left of Left of Left #Hax. H#Halleolar of
Leg Leg Leg Leg Length Body

Girth Weight

1876.3  1862.1 °1.008  26.1  39.5 4.3
2195.1 2051.9 . 1.070 30.6 38.2 3.3
1555.1 1527.1 1.018 26.8 33.0 3.2
3252.3 3053.2 1.065 35.0 42 .1 4,1
1809.8 1731.6 1.045 30.5 34.2 3.7
2224,3 2128.5 1.045 29.8 3B.1 4,0
2152.2 2059.1 1,042 29.8 37.6 3.7

594.5 533.3 0.025 3.2 3.4 0.5
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Weight
Left
Leg
Skin

136.4
131.2

80.8
197.3
100.6
131.8

129.7
39.6

Weight
Left
Leg
Bone

594.8
479.8
309.2
578.7
342.1
454.9

459.9
117.8

Volunme
Left
Leg
Skin

129.8
124, 2
80. 4
179.2
94,6
128B. 4

122.8
34.2

Volune

Left
Leg
Bone

486,7
403.5
270.9
456.3
285.5
380.8

380.6
87.9

Weight
Left
Leg
Fat

185.8
366.6
620.9

Volume Weight

Lef

+ Leg

Fat

188
379
655

t

Left

Leg

.6
.0
|

961. 1 1009.2

672.9
833.8

606.9
288.6

Left
Max.
Calf
Girth

26.1
30.96

710
860

633
303

L
A
G

26.8°

35.0
30.5
29.8

3.2

+6
.0

-7
.8

eft
nkle
irth

18. 6
19.7
28.9
23.2
18.8
21.0

3.9
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Muscle

959.2
1217. 4
544.3
1515. 4
694.2
803.8

955.7
358.5

Left
Tibia
Lengt

39.5
38.2
33.0
42.1
34,2
38.1

37.5
3.4

Volume
Left
Leg
Mascle

927.2
1175.86
534.4
1430.7
664.7
779.1

918.6
334.6

Left

1 HMedial

h Calf
Skinfold

3.1
7.7
24,0
22.7
24.6
26.2

10.0



deight Volune Density Right Tibiale-~ Percent
of Right of Right of Right Max. Malleolar of

U & W

v =

n=

leg Leg Leg Leg Length Body
Girth Weight

1655. 3 1641, 4 1.008 24.2 38.8 3.8
2163.9 2019.3 1.072 30.7 38.3 3.3
1634.5 1593.9 1.025 29.2 331 3.2
3439.0 3229.56 1.065 36.7 40.9 4.3
1895.9 1817.7 1.043 31.7 36.0 3.9
1933.4 1836.3 1.053 30.0 37.6 3.5
2120.3 2023.0 1. Du4g 30.4 37.6 3.7
675.0 610.3 0.024 4,0 2.4 0.4

Weight Volume Weight Volume Weight Volume

Right Right Right Right Right Right

Leg Leg Leg Leg Leg Leg

Skin Skin Fat Fat Huscle Muscle

123.2 116.0 177.3 182.8 764.0 733.9

110.0  103. 1 349.0 364.7 1211.2 1165.4

97.8 97.7 656.2 686.2 541.9 530.1

239.9 223.1 1019.2 1069.5 1580.5 1495.5

107.6 103.6 784.4 B811.7 6u43.0 614.5

92.7 88.1 750.8 784.0 ©71.5 643.3

128.5 121.9 622.8 649.8 902.0 863.8

55.6 50.4 308.0 322.8 406.2 381.9
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Weight Volume Right Right Right Right
Right Right Max. Ankle Tibial Medial

Leg Leg Calf Girth Length Calf
Bone Bone Girth Skinfold
590.8 #411.5 24,2 17.1 38.8 2.9
493.8 365.7 30.7 19. 4 38.3 7.5
338.5 266.1 29.2 18.8 34.1 25.96
599.3 421.1 36.7 24,2 40.9 22.2
360.9 273.9 31.7 19.1 36.0 25.6
418.3 293.9 30.0 18.5 37.6 24.4
467.0 338.7 30.4 19.5 37.6 18.0
112.8 69.7 4.0 2.4 2.4 10. 1

Weight Volune Density Left Akropod.- Percent

of Left of Left of Left Meta~ Pternion of
Foot Foot Foot tarsal Length Body
Girth Weight
1150. 6 1136.9 1.012 15.8 25,7 2.6
829.1 776.0 1.068 22.7 21.8 1.3
633.3 613.6 1..032 20.2 19.4 1.2
1037.4 951.4 1.090 21.0 27.4 1.3
665.2 632.8 1.051 19.6 21.90 1.4
779.4 739.1 1.055 21.7 22.8 1. 4
849,2 808.3  1.051 20.2 23.0 1.5
205.9 201.5 0.027 2.4 3.0 0.5
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AN E WN -

=

GV F B e

=

Height Volume Weight Volume Weight Volume Weight Volune
Left Left Left Left Left Left Left Left
Foot Foot Foot Foot Foot Foot Foot Foot
Skin Skin FPat Fat Muscle Muscle Bone Bone
141.7 135.2 280.7 278.7 337.4 325.8 390.8 334.9
100.2 4.4 237.7 240.2 236.7 226.6 254.6 220.2
68.9 65.2 276.6 284.0 106.1 103.5 181.6 167.3
181.7 172.6 187.9 188.2 324.7 311.0 343.2 284.2
100.1 94,8 219.1 220.0 154.5 14%.5 191.5 174.2
98.3 92.6 297.6 299.2 159.9 154.9 223.6 196.9
115.1 109.1 249.9 251.7 219.9 211.9 264.2 229.6
40.0 38.3 42.1 42.9 35.8 91.5 85.0 66.6
Weight Volunme Density Right Akropod.- Percent
of Right of Right of Right Meta- Pternion of
Foot Foot Foot tarsal Length Body
\ Girth Height
1029.5 1015.9 1.013 15.4 25.7 2. 4
792.8 740.7 1.070 22.3 21,6 1.2
690.7 668.5 1.033 20.8 20.8 1.4
1117.0 1033.2 1.081 21.3 27.90 1.4
657.7 628.9 1.0486 19.9 20.3 1.3
730.0 687.7 1.062 22.1 22.2 1.3
836.3 795.8 . 1.050 20.3 22.9 1.5
191.0 180.8 0.025 2.6 2.8 D.4
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[= 20N ¥~ PORN 5 QY

W=

Weight
Right
Foot
Skin

124.7
93.6
75.8

173.3
86.9

109.9

110.7
35.2

Volune

Right
Foot
Skin

117.9
88.7
72.4

162.8
81.5

102, 6

104.3
32.8

Weight
Right
Foot
Fat

235.5
282.4
251, 2
256.3
252.4
215.5

248.9
22.3

volium

e

Right

Foot
Fat

234.2
282.0
258.6
256.5
256.0
219.5

251.1
21.7
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Weight
Right
Foot
Muscle

280.6
162,90
170.9
329.0
126. 1
188. 1

209.5
78.1

Volunme

Right
Foot

Muscle

271.2
156.8
167.8
313.6

121.8'

180.8

202.0
73.9

Weight
Right
Foot
Bone

388.7
254.8
192.8
358. 4
192.3
216.5

267.2
85.9

Volume
Right

Foot

Bone

327.4
213.9
178.90
297.2
178.5
189.2

231.5
65.0



IV. MODEL DEVELOPMENT

The purpose of this chapter is to describe the procedures
involved in developing the various models for the predicfion of
a) anatomical segment mass, b) anatomical segment tissue masses,

c) biomechanical segment masses.

ANATOMICAL SEGMENTAL PREDICTION

REGRESSION MODEL

The cadaver data were used initially to develop a
regression model (MCREG) for the prediction of segment masses.
The anthropometric variables for each segment were regressed.
against observed segment weight using a multiple regression
analysis (¥ie, Huli, Jenkins, Steinbrenner and Bent, 1975), on
the Michigan Terminal System at Simon Fraser University.

Initially, regressions were performed for left and right
sides separately. The result of this, however, was that the
relationships for the right side segments were slightly
different from those for the left side segments. Whereas it is
not unusual to find contralateral size differences, particularly
in athletes, ({Takahashi and Uetake,1982), there is no reason to

suspect that the relationship between anthropometry and

34



composition should be differept contralaterally. In this study

it was considered to be due to the embalming procedure since the

fluid was pumped into the body unilaterally under pressure and a

completely even distribution was the exception rather than the

rule for the éadavers dissected. A number of approaches were
tried in order to identify the influence of any bilaterél
differences.

1. The regression equations were applied to the cadaver sample
based on different equations for the left and right side
limb segments.

2. Right side equations were used for both sides using left and
right side values. |

3. Left side eguations were used for both sides using left and
right side values.

4., Right side equations and right side values were used and
duplicated for the Yeft side segments.

5. Left side eguations and left side values were used and
duplicated for the right side seéments

6. Mean values of anthropometry and segment weight for each
segment were calculated and a mean regression was developed
wvhich applied to segments of both sides.

Analysis of the results by the Repeated Measures Test(Hull
and Nie,1981) revealed no significant differences in the
prediction of segment mass by any of the above methods.
Apparently, cotralateral embalming differences did not affect

the relationship between anthropometry and segmental mass.
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Thetefore, it was decided to‘adopt the last procedure, {taking
the mean values from both sides) - a conceptually more
acceptable rationale, than that different sides should
demonstrate different relationships in viyo, albeit only
slightly différent. This decision was reinforced by its being
the same as that taken by Clauser et al. {1969) in the héndling
of their data.

Three passes were used for the mean value regression. PIN 1
was set at 0.01 to ensure a conservétive level of significance
of the variables entering the equation for all three passes.

In the first pass, only intrasegmental anthropometric
variables were available for selectioh.

In the second pass, total body weight was added to the list
of predictor variables available for possible selection. This
was to enable the selection*and use of total body weight if this
variable should prove a better predictor than the intrasegmehtal
ones alone.

The third pass comsisted of only those intrasegmental
predictors which were incorporated in the PROFORMA {See Appendix
6.) used for many years now by the Kinanthropometric Research
Unit at Simon Fraser University, and described by Ross and
Marfell-Jones {1982).

The rationale of restricting the variable list, in the

- —— - -~

1PIN (probability to go in to the equation) controls the entry of
a variable in that a variable is only entered if the probability
of its F value is smaller than the PIN value.

96



minimi sing the overall number of variables needed to be measured
in the future, and b) permitting the application of the model to
existing large data bases assembled over a number of years, in
particular the various Olympic Games data assemblies {Carter,
1982a; Carter; Boss, Aubry, Hebbelinck and Borms,'1982b; de
Garay, Levine énd Carter, 1977; Ross, Leahy, Drinkwater and
Swenson, 1981.)

The regressions which displayed the highest correlation
coefficient values overall were selected for use in predicting
the standard segment mass values for the Phantom Model. They
vere chosen on the basis of containing no more than two
variables {due to the sample sizei, with residual degrees of
freedoa as high as possible (without unduly sacrificing
r-squared) , r-squared greater than or equal to 0.85, a minimum
standard error and a significant f-ratio of less than 0.01.

The predictors in these regreséion egquations, their
correlation coefficients, the mean segment masses and their

standard errors are reported in Table #.1.
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Table 4.1 "Best Predictors of Segment Masses,
in the MiniCAS sample.™
{any MCAS variables, n=b.)

SEGMENT VARIABLE R-5QUARED MEAN STANDARD 51G. OF
{gns) ERBOCE F-RATIO
(gms)

HEAD Body Weight 0.90 4153 225 D.004

TRUNK Mesosternale 0.94 26600 1774 0.002
Girth ‘

ARM Arm Girth, 0.97 1580 88 0.005
Arm Length

F-ARM Forearm Girth, 0.97 764 42 9.005
Forearm Length

HAND Metacarpal 0.98 345 13 0.000
Breadth ,

THIGH Body Weight 0.91 7778 733 0.003

CALF Calf Girth, 0.97 2136 145 0.0086

Tibial Length

FOOT Foot Length 0.93 842 58 0.002

The regression equations used to derive the Phantom segment

masses and standard deviations were as follows:

HEAD 0.04564*Body Weight(gm) + 1524.2
TRUNK 751.48429*%Mesosternale Girth{cm) - 40306.9
ARM 0.02791*Body Weight - 47.6

FOREARH 0.01397*Body Weight - 40.2

HAND 45.97778%Hand Length(cm) -~ 465.5
THIGH 0.15678*%Body Weight - 1253.5

LEG 0.04326*%Body Weight -~ 356.1

FOOT 65.8828*Foot Length{cm) - 670.9

98



The best tegressioqs from the last run, i.e. including only
segmental PROFORMA variables, vere selected for inclusion in the
regression model for application to other samples. The
corresponding information {to that in Table 4.1) for these

predictors is shown in Table 4.2.
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Table 4.2

SEGHENT

HEAD

TRUNK

ARM

F~-ARH

HAND
THIGH

LEG

FOOT

"3est Segmental predictors of Segment Hasses.”
{PROFORMA variables only,

VARIABLE

Head Girth

Mesosternale
Girth

Arm Girth,
Arm Length

Forearm Girth,
Forearm Length

Hand length,
Thigh Girth

Calf Girth,
Tibial Length

Foot Length

R-SQUARED

100

MEAN
{gns)

4153

26600

1560

764

345
7778

2136

842

n=b6.)

STANDARD
ERBROR

(gms)
234

1774

83

42

24
754

145

58

51G. OF
F~RATIO

0.004

0.002
0.005
0.005

H.009
0.003

0.0086

0.002



The regression equations for use in a regression model (MCREG)

predict segnmental masses in adults were:

HEAD 267.81411*Head Girth - 10594.,2

TRUNK 75%. 48429*%Mesosternale Girth - 40306.9

ARH \87.7267H*Arm Girth 74.67u424%Arm Length
- 3119.8

FOREARH 70.7058*%Forearm Girth + 25.19786*Forearn
Length - 1485.6

HAND 45.97778*Hand Length - U465.5

THIGH 249.69457*Thigh Girth - 3484.9

LEG 114,97555*%Calf Girth + 113,77197*Tibial

Leagth - 5599.5

FOOT $5.8828%Foot Length - 670.9

A1l girths and lengths are in centimeters.
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CALCULATION OF ANATOMICAL PHANTOM SEGMENY MASS VALUES

It was important in the construction of the
proportionality/deviation model that the Phantom mass ascribed
to each segment actually corresponded to the Phantom variables
for that segment. Since segment mass values were not, and
probably never will be, available from a large sample, these
values vwere, of necessity, obtained from a relatively small
sample [n=6).

The only samples on which segmental data were previously
available were sex-specific. The use of such samples to build a
universal model introduces a bias unless a compensation is made
which renders the data unisex. A unigue feature of this
investigation is the inclusion of three female cadavers in the
sample and the inclusion of a young subject.

The predictor variables from Table 4.1 and their
concomitant regression equations were utilised to define the
Phanton segment masses and their standard deviatioms for use in
the development of the Proportionality/Deviation (P/D) model.

The Phantom p values {Ross and Wilson,1974) were applied to
the regression to establish Phantom segment weights. The Phantom
{p + s) values (i.e. one standard deviation above the p value)
were then applied to the regression model and the segment
weights were re-predicted. The difference between the two

predictions constituted the Phantom s value for each segment
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weight.

For example, substituting the Phantom p-value for bodyweight, in
the regression (Table #4.2) for predicting head weight, gives a
Phantom p-value for the head segment of 4671.7 gnms.

Substituting Qne Phantorm standard deviation above bodyweight
into the same equation gives a Phantom segment mass value for
the head of 5064.21 gms.

The difference between these two values is, by definition of the
hypothesis this model is built on, the Phantom standard
deviation for the head segment, i.e. 392.51 gas.

The resultant values established for each segment are shown in

Table #4.3.
Table 4.3 Phantom p and s values for
Segmental Masses (in gas).
{for anatomical segmentation)
Segment P s
HEAD 4671.7 392.51
TRUNK 25538.5 3892.69
ARY 1754.9 213.36
FOREARY 1012.0 120. 14
HAND , 410.2 59.03
THIGH 9471.3 980.59
LEG 2637.7 318.89
FOOT | 1059.1 76,42
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PROPORTIONALITY/DEVIATIOK HMODEL

The Proportionality/Deviation{P/D) model is based on the
Phantonm proportionality stratagem of Ross and Wilson{1974) and
the fractionation tactic of Drinkwater and Ross(1980).

Using the Phantom stratagem it is possible to express
anthropometric measurements as deviations from the eguivalent
Phantom values. Such deviations are expressed as Phanton
z-values, and are calcualated using the following formula:

d
z =1 (v* {170.18 ) - p)
s { h )

where: z is a proportionality score or z-value.

s is the Phantom standard deviation for
the given variable.

Yy is any variable.

170.18 is the Phantom height constant.

h is the subject's height.

d is a dimensional exponent which is 1
for all heights, lengths, breadths,
girths and skinfold thicknesses;

2 for all area values; and 3 for

all masses and volumes.
p is the Phantom value for the variable.

A significant feature of this strategem is the adjustment
for height which scales all values to the Phantom height of
170.18 cm. This pernmits individual comparison of size-adjusted
values as opposed to absolute wvalues and highlights

proportionality differences.
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The tactic of Drinkwater and Ross{1980) uses groups of
selected variables to predict bone, muscle, adipose tissue and
residual masses on the basis that the mean deviation of such
variables {i.e. the mean z-value within each group) represeants
similar deviaiion in the amount of the four components in the
body from the Phantom mass for each component. |

Phantom z-values are utilized in this tactic also, to

predict the appropriate segment mass by the following formula:

( 170.18 )
{ h )
vhere:
M is the estimated segmental pass.
Z is the mean Phantom z-value for
the selected subset of variables.
S is the Phantom standard deviation
for the segmental mass.
P is the Phantom value for the
component mass.
170.18 is the Phantom height constant.
h is the subject's height.
d is a dimensional exponent, which has
the value 3 in this application.

The segmentation model also uses groups of selected
anthropometric variables, but these were chosen on the basis
that a change in their value would reflect a change, not im an
overall component such as bone, but in the mass of a particular
body segment. The Phantom p and s values for anthropometric
variables used in the model are given in Appendix 7.

Once the phantor segment mass parameters had been defined,

it was possible to proceed with the development of the P/D
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model.

Two aspects had to be coasidered in developing this model.
Firstly, the selection of the best predicting variables within
each segment and, secondly, the relative weighting cf those
variables oncé they had been converted to Phaﬂtom'z-values, i.e.
deviations from the Phantos mean values for that particular
variable.

The variable selection criterion stipulated the inclasion
of at least a length, a girth, a bone width and a skinfold for
each segment. It was felt that the length and girth would
reflect the general size of the seygment, the bone width would
reflect the amount of bone in the segment and the skinfold would
give an indication of the amount of adipose tissue and muscle
(wvhen considered in conjunction with the girth). The selection
was limited in the case of the head, forearm, hand and foot
segments, since not all of the four types of measurement had'
been utilised in the PROPORKA. Body weight was excluded as a
possible predictor since it would be used later as an indirect
prediction validation.

The variables selected for each segment are shown in Table
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Table 4.4 "predictor Variables for each Segment for
the Proportionality/Deviation NModel.®

Segnent Predictor Variables
HEAD Forehead girth.
TRUNK Mesosternal girth, Trunk length, Biiliocristal

breadth, W¥aist girth, Abdominal skinfold.

ARHM BRelaxed arm girth, Acromiale-Radiale length,
Epicondylar humerus breadth, Triceps skinfold.

FOREARH Forearm girth, Radiale-Stylion length, ¥Wrist -
girth.

HAND Stylion-Dactylion length.

THIGH Thigh girth, Trochanterion-Tibiale length,

Epicondylar femur breadth, Ant.Thigh skinfold.

LEG Max.Calf girth, Tibiale height, Ankle girth,
Hed. Calf skinfold.

FOOT Foot length.

The second aspect, that of the appropriate weighting of the
z-values of the predictor variables, was catered for by forcing
the desired variables into the regression against segment weight
and noting the beta values produced for those variables. The
beta values were then atilised to weight the variables. The
essence of the model is-the calculation of a mean z-value for
each segnent which will reflect the deviation of that segment
mass from the corresponding Phantom value. This was achieved by
dividing the sum of the weighted z-values of the predicting

variables by the numerical total of the weightings, as described
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in Chapter 1,

€. g, MZTRUNK = (ZCHG*7 + ZTRL + ZBIIL + ZWAG - ZABSF) /9.

where: MZTRUNK is the mean Phantom z-value
for the trunk.

ZCHG is the Mesosternale Girth expressed
in Phantom Mesosternale Girth
standard deviations.

2ZTRL is the Trunk Length expressed in
Phantom Trunk Length standard
deviations.

ZBIIL is Biiliocristal Breadth expressed
in Phantom Biiliocristal Breadth
standard deviations.

ZWAG is the Waist Girth expressed in
Phantom ¥aist Girth standard
deviations.

ZABSF is the Abdominal Skinfold
expressed in Phantom Abdonminal
Skinfold standard deviations.,

"9" jis the arithmetical divisor which

ensures that identical Phanton
z-values for each of the predicting
parameters would give an identical
mean z-value for the segment.

The model was applied to varions samples using divisors
calculated in this manner,
Once the mean z-value for each segment had been calculated,

the weight of the segment was predicted using the Drinkwater

then summed the predicted segment weights to give a predicted
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total body weight, and compared this to the observed body
weight. The final form of the Anatomical P/D model is shown in
Table 4.5. Note that the weights are expressed in kilogranms,
therefore it is necessary to convert to that unit. The coded
variables are\as defined in Appendix 5, except that, since mean
anthropometry was used to construct the model, final “Lﬁ or HRY

initials have be=n onitted.
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Table 4.5 #proportionality/Deviation Model for the
Prediction of Anatomical Segment Weight?

RHT = 170.18/LTOTSUS

ZHDG = ({{ (HGFHD*RHT)-56)/1.44)
ZHDL = ({ (HLVERMEN*RHT)-27.27) /1.02)

i

MZHEAD = (({ZHDG*7)+ZHDL)/10)
PRHEAD = ({(392.51*MZHEAD) +4671.7) / (RHT*%3))
ZSSSF = {((SFHSUB*RHT)-17.2)/5.07)

ZILSF = ((({TSFHIC*RHT)-15.4) /4.47)

ZTRCH = ({(TBMESOST*RHT) -27.92)/1.74)

ZABSF = (({TSFHSS*RHT)-15.4)/6.47)

ZWAG = (({{TGWAI*RHT) ~71.91)/4.45)

ZCHG = (({TGMESOST*RHT)~-87.86) /5.18)

ZBIIL = {((TBBIILC*RHT)-28.84)/1.75)

ZTRL = ({{TLC7CO%RHT)-59.97)/3.7)

ZBIAC = {((TBBIAC*ERHT)-38.04)/1.92)

ZAPCH = {((DAPCHMES*RHT)-17.50)/1.38)

MZTR = ((ZCHG*7+ZBIIL+ZTRL+ZWAG-ZABSF)/9)
PRTRUNK = ({{3892.69%MZTR)+25538.51)/ (RHT**3))
ZAGR = {({GTR*RHT)-26.89)/2.33)

ZUA = ({{LACRAD*RHT)~-32.53)/1.77)

ZHUM = ({(BEPIHU%RHT)-6.48)/0.35)

ZTPSP = {((SFHTR*RHT)-15.4)/4.47)

MZARM = { (ZAGR*7+ZUA+ZHUM-ZTPSF) /8)

PRARM = ({(213.36%MZARM) +1754.9) /(RHT*%3))
ZWRG = ({ (GDISTY*RHT)~-16.38)/0.72)

ZFA = {{{LRADSTY*RHT)~27.77)/1.37)

ZFAG = ({ (GMXF%*RHT)-25.13)/1.41)

MZPARM = ((ZFAG*8+ZFA+ZWRG)/10)

PRFARH = {({120.14%*NZFARM)+1012.0) /{RHT*%3}))
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ZHA = (((LSTYDAC*RHT)~-18.85)/0.85)
PRHAND = [{(59.03%ZHA)+410.2)/ (RHT*%3))

ZTHG = ({ (GUPTH*RHT)-55.82) /4.23)

ZTHSF = (((SFHANTT*RHT)-27.0)/8.33)
ZTHIGH = ({{LTROTIB*RHT)-35.44)/2.12)
ZFEM = ({{BEPIFE*RHT)-9.52)/0.48)
MZTHIGH = ({ZTHG*7+ZTHIGH+ZFEM-ZTHSF) /8) :
PRTHIGH = (((980.59*%MZTHIGH)+9471.3)/ (RHT**3))

ZMCSF = ({(SFHMEDC*RHT) -16.0) /4.67)

ZANG = ({ (GHNANK*RHT)-21.71)/1.33)

ZTIAT = { ({LTIBMAL*RHT)-37.72) /2.15)

ZCAG = ({ (GMXCA*RHT)~-35.25)/2.30)

MZLEG = {(2CAG*8+ZTIHT*4 +ZANG-ZMCSF)/12)
PRLEG = ({{318.89%MZLEG) +2637.7) /(RHT**3))

ZFOOTLN = ({{LAKPTE*RHT)-25.50)/1.16)
PRFOOT = ([{76.42%ZFOOTLN) +1059.1) / (RHT**3))

Where: Weights are in kg.
Skinfolds are in nnm,
All otlker measures are in cn.

Variables prefixed with Z indicate
the variable expressed in Phanton
standard deviations.

Variables prefixed with M indicate
a mean valae,

Variables prefixed with PR indicate
a predicted weight.
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VOLUME~-BASED MODELS

To examine the volume approach; the volume of each segment
Wwas regressed against the segment mass for each subject in the
sample. 4 correlation of 0.97 or better was found in every
segment. Based on the strength of this correlation, and
subsequent to discussion with a mathematical statistician,
{Arya, 1982), two volume-predicting models were developed.

The first involved the regressibn of a squared girth tipes
a length against mass for each segment. (This model will contain
the initial "X" after the initials "VOL" in its title, e.4g.
MCVOLXBB.) This gave the correct dimension to the prediction,
but limited the model to ‘one predictor (albeit consisting of two
variabiles).

The second used the same two variables, but regressed then
separately in the form of the sguared girth and the length.
{This model will contain the initial "A" after the initials
UYOL" in its title, e.g. MCVOLABB.) Although this second
volume-based model did not exhibit the dimensional elegance of
the first one, it was felt that it might explain more of the
variance given the presence of the second separate variable, and
should therefore be investigated.

The correlation coefficients, mean segment masses, standard
errors and F-ratio significance values for each segment

prediction for the MCVOLX model are depicted in Table 4.6. (The
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variables are those in the eguations in Table #4.7)

Table 4.6 nStatistical Details of MCVYOLX Model.®
{(Sample=MiniCAS5, n=6)

SEGMENT R-SQUARED MEAN STANDARD SIG. OF

(gms) ERROR F-RATIO
(gms)

HEAD 0.77 4153 344 0.02
TRUNK 0.96 26600 1399 0.001
ARM 0.95 1560 94 0.001
F-ARM 0.97 764 35 0.000
HAND 0.93 345 24 0.002
THIGH 0.97 7778 397 0.001
LEG 0.94 2136 172 0.001
FOOT 0.94 842 62 0.010
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The equations used for the HCVOLX model are given in Table

4.7. The variables are defined in Appendix 5.

Table 4.7 “Calcualation of Anatomical Segment Mass
from the Girth Squared TIMES the Length®

HEAD= {0.05583%HEAD3)+747.0
Where: HEAD3=HGPHD2*HLVERMEN
and HGFHDZ2= HGFHD *¥*2

TRUNK= {0. 05743*TRUNK3) -107. 4
Where: TRUNK3=TGMESO2*TLC7CO
and TGMESO2=TGMESOST**2

ARM={0.05419%3ARNM3)+374.0
Where: ARM3=GTRZ2*LACRAD
and GTRZ2=GTR**2

F/ARH={0.05324*FARM3) +53.4
Where: FPARM3=GMXF2*¥LRADSTY
and GHXF2=GMNXF**2

HAND={0.08370%HAND3) +14,2
Where: HAND3=GDISTY2*LSTYDAC
and GDISTY2=GDISTY**2

THIGH= {0.05946*THIGH3) +2618.7
Where: THIGH3=GUPTH2*LTROTIB
and GUPTH2=GUPTH**2

LEG={0.05984%LEG3)+60. 4
Where: LEG3=GMXCA2¥LTIBMAL.
and GMXCA2=GMYCA%*

*FOOT= {66+ 3166 7*LAKPTE) - {0. 1796 7T*GMNANK2)-603.6
Where: GUNANK2=GMNANK**2

All measures are in cas.
Segment masses are predicted im gms.

* Since there was no correlation between "the
squared girth TIMES a length" and the mass for the
feet, "the squared girth AND a length"™ was used
for these segments.
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The correlation coefficients, mean segment masses, standard
errors and F-ratio significance vaiﬁes for each segment
prediction for the MCVOLA model are shown in Table 4.8. {The
variables are those in the equations in Table 4.9)

Table 4.8 "Statistical Details of MCVOLA Model.®
(Sample=MiniCAS, n=6)

SEGHMENT R-SQUARED MEAN STANDARD 5IG. OF

{gms) ERROR F-RATIO
{gms)

HEAD 0.89 4153 272 0.03

TRUNK 0.97 26600 1497 0. 006
ARH 0.98 1560 76 0.003
P-ARHN 0.97 764 41 0.004
HAND 0.97 BETY 18 0.005
THIGH 0.98 7778 431 0.003
LEG 0.98 2136 126 0.003
FOOT 0.94 842 62 0.014

115



The equations used for the MCVOLA model are given in Tables
4.9. The variables are defined in Appendix 5.

Table 4.9 "Calculation of Anatomical Segment Mass
from the Girth Squared AND the Length"

HEAD={2.35061*HGFHD2) +
{7.38583*%*HLVERMEN) ~3132. 3
Where: HGFHD2=HGFHD %*2

TRUNK={3.790 18*TGMES02) +
{278.15858%TLC7C0O)~19774.0
Hhere: TGMESO2=TGMESOST**2

ARM={1. B140T*GTR2) +

(66.513656%LACRAD) -1825.56
Where: GTR2=GTR¥*%*2

FARH={1.51310*%GNXF2) +
{22.64907*LRADSTY) -602. 3
Khere: GMXF2=GMXF*%*2

HAND=(32.06152%LSTYDAC) +
(0.87916*%GDISTY2)~415.5
Where: GDISTY2= GDISTY**2

THIGH= (2.73435*%GUPTH2) + ’
(87.23198*%LTROTIB)~-1523.4
Where: GUPTH2=GUPTH**%2

LEG={1.93834%GMXCA2)+

{105,.80362%LTIBMAL)-3616.0
Where: GMXCA2=GHXCAa*x*2

FOOT={b6 6.3 1667*LAKPTE) -

{0. 1796 7*GHNARNK2) -603.0
Hhere: GMNANRK2=GMNANK*%*2

All measures are in cms.
Segment masses are predicted in gms.
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When any anthropometric variables for a given limb segment
were regressea against the four tissue masses, L.e. skin,
adipose tissue, muscle and bone, a number of artifactual
predictors were identified. For examfple, the left arm bone mass
was best predicted by two skintolds. This was not acceptable,
conceptually. Therefore specific variables were chosen as the
appropriate predictors and these were regressed against the
masses to obtain the predictive equations,

The variables were selected on the basis that they would be
expected to reflect changes in the separate tissue prasses. The
selection was as followvs:

1. Skin - a girth and a length.

2. Adipose Tissue - a skinfold and a length.

3. Muscle - a length and a skinfold-corrected {except in hand
and foot) girth.

4. Bone - a breadth and a length.

The predictors in these redgression egquations, their
correlation coefficients, the mean tissue masses and their
standard errors are depicted in Tables 4.10 and 4.11. The
abbreviations used for the variables are the same as those
expanded in Appendix 5, with the omission of final "L" or "R"

initials.
Table 4.10 "Best Predictors of Tissue Weights.®
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SEGHMENT
TISSUE

ARN
Skin
Adipose
Tissue
Muscle
Bone

F/ARM
Skin
Adipose
Tissue
Muscle
Bone

HAND
5kin
Adipose
Tissue
Muscle
Bone

{Upper Limb Segments)

VABIABLE R-SQUARED

LACRAD,GTR
LACRAD,SFHTR

LACRAD,CGTR
LACRAD,BEPIHU
LRADSTY, GMDF

S FHMXF,LRADSTY
LRADSTY, CGMDF
BBISTY,LRADSTY
LSTYDAC, GMETAC
SFHH, LSTYDAC

LSTYDAC,CGMETAC
BUETAC,LSTYDAC

0.77
0.80

0.83
0.85
0.85
D.B82
0.87
0.96

Oa l‘3

0.07 .

0.87
0.92
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MEAN S.E.
(gm)  {9m)

107.2 19.2

'586.7 153.8

648.4 113.5
218.1 27.2

63.8 5.3
181.1 49,4
397.8 67.5
121.7 8.2

59.5 14.6

77.3 21,1

112.0 18. 8
96.5 9.6

S5IG. OF
F-RATIO

o.M
J.09

0.069
D.D57
0.055
J.078

0.045
2.008



Table #.11 *Best Predictors of Tissue Masses."
{Lower Limb Segments)

SEGMENT  VARIABLE R-SQUARED MEAN S.E. SIG. OF
TISSUE {gm) {gm) F-RATIO
THIGH : |

Skin GUPTH,LTROTIB 0.71 461.6 47.8 0.16

Adipose LTROTIB,SFHANTT 0.88 3316.1 674.2 0.04
Tissue

Muscle CGUPTH,LTROTIB 0.84 3298.3 627.6 0.06

Bone LTROTIB,BEPIFE 0.67 702.5 123.6 0.19
LEG :
Skin GMXCA,LTIBHMAL 0.88 129,1 20.9 0.04

Adipose SFHMEDC,LTIBMAL 0.98 514.8 55.0 0.003
Tissue
Huscle CGMXCA,LTIBMAL 0.94 928.9 121.56 D0.02

Bone BBIMAL,LTIBMAL 0,95 463. 4 32.0 0.0
FOOT
Skin GHETAT, LAKPTE 0.96 112.9 9.9 0.008

Adipose GHETAT,LAKPTE 0.33 249.4 17.6 0.55
Tissue

Muscle GHETAT,LAKPTE 0.96 214.7 21.6 2.008
Bone BAETAT,LAKPTE 0.9 265.7 33.4 0.03

119



The regression equations developed for each conponent for

each segment are given in Tables 4.12 and 4.13.

Table 4.12 "Regression Equations for the
Prediction of Tissue Masses in
the Upper limb Segments.”

ARH
Skin LACRAD*7.828681 + GTR*S.44927 ~ 287.2
Adipose SFHTR*24.07958 - LACRAD*14.45705 + 562.4
Tissue
Muscle LACRAD*61.84938 + CGTR*50.5874 - 2334.6
Bone LACRAD*3,29703 + BEPIHU*68,42782 - 335.7

F/ARH :
Skin RADSTY*2.98653 + GMDF*2,.79787 - $4.8
Adipose SFHMXF*14,8212 - RADSTY*11.,13379 + 307.4
Tissue
Muscle RADSTY*32.4 + CGMDF*50.38308 - 1203.8
Bone BBISTY*45,.53836 + RADSTY*6.06379 - 277.3

HAND
Skin LSTYDAC*7.94449 - GMETAC*2.45104 - 36.3
Adipose LSTYDAC*0.82875 - SFHH*3.76255 + 72.1

Tissue
Muscle LSTYDAC*18.68B484 + CGMETAC*7.06078 - 339.2
Bone BMETAC*23.62613 + LSTYDAC*6.40249 - 189.0
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Table 4,13 "Regression Equations for the
Prediction of Tissue Masses
in the Lower Limb Segments.™

THIGH ‘
Skin GUPTH*3.17716 + LTROTIB*9,84859 - 85.6
Adipose SFHANTT*170.86124 - LTROTIB*50.3672 + 43413.7
Tissue
Muscle CGUPTH*88.04496 + LTROTIB*182.25495 - 7713.9
Bone LTROTIB*25.46116 + BEPIFE*75.53176 -~ 1077.3

LEG :
Skin GMYXCA*5.28041 + LTIBMAL*11.11296 ~ 447.4
Adipose SFHHEDC*31.7305 + LTIBHMAL%50.78751 - 1865.56
Tissue

Muscle CGHMXCA*BO.24425 + LTIBMAL*38.20851 - 2467.9
Bone BBINAL*106. 40592 + LTIBMAL*20.88237 - 1052.3

FOOT
Skin GHETAT*2.41194 + LAKPTE*13,3227 - 242.0

Adipose GMETAT*-2.01025 - LAKPTE*3.50251 + 370.6
Tissuye

Muscle LAKPTE*27.62449 - GMETAT*2.86303 - 362.1
Bone BMETAT*37074407 + LAKPTE*20.60686 - 519.6
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BIOMECHANICAL SEGMENT PREDICTION

Except for the last anatomical model {which predicts
segment tissué weights) all the above anatomical procedures were
repeated on Clauser et al. 's{1969) sanmple to generate éodels for
the prediction of biomechanical segment mass. Each model is

presented under the appropriate subheading.

REGRESSION MNODEL

The regression equations which Clauser, himself, generated
were used as the regression model for this approach. They
contain only PROFORMA variables and include body weight where
that was shown to be a better predictor for the sample.

The predictors in these regression egquations, their
correlation coefficients, the mean segment masses and their

standard errors are depicted in Table 4.14.
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Table 4.14 *®Best Predictors of Biomechanical
Segment Weight.?
{any CLAUSER variables, n=13).

SEGMENT VARIABLE R-SQUARED HMEAN STANDARD
ERROR
HEAD Body Weight, 0.88 - 4729 170
Head Girth ‘
TRUNK Chest Girth, 0.99 33312 920

Body Weight,
Trunk Length

ARHM Body ¥eight, 0.96 1730 390
Arm Girth,
Arm Length

F~ARM Forearm Girth, 0.92 1055 60
Wrist Girth

HAND Wrist Girth "0.86 426 30

THIGH Body Weight, 0.93 6749 450
Thigh Girth

CALF Calf Girth, 0.98 2842 80

(LEG) Ankle Girth,

Tibiale Height-
FOOT Foot Length, 0.91 959 40
Body Weight,
Ankle Girth
The regression egunations for use in predicting
biomechanical segment weight are shown in Table 4.15. {(¥ote that

these regressions predict the segment weights in kilograms,

therefore bodyweight must be input in kgs.)

123



Table 4.15 "Equations for the Prediction of segpent masses

Head

Trunk

Arnm

{in kilos) using Clauser's 1969 Regression."

{0.1048*foreheadgirth) + (0.015*bodyveight)
~ 2.189 ‘

{0.349*bodyweight) + (0.432%trunklength) +
{0.229*%chestgirth) - 35.46

{(0.007*bodyweight) + (0.092%axillaryarmgirth) +
{0.05*armlength) - 3.101

Forearm {0.081*wristgirth) + {0.052*forearmgirth)

Hand

Thigh

Leg

Foot

- 1.65
{0.051*wristgirth) + 0.418

{0.074*bodyweight) + {0.138*thighgirth)
- 4,641

{0. 111*calfgirth) + {0.047*tibialeheigt) +
{0.074*anklegirth) - 4.208

{0.003*bodyweight) + (0.048*anklegirth) +
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CALCUOLATION OF BIOMECHANICAL PHANTOM SEGMENT MASS VALUES

The biomechanical Phantom segment reference masses were

derived in the same manner as the anatomical Phantonm masses. The

derived values are shown in Table 4.,16.

Table 4.16

Segment
HEAD
TRUNK
ARN
FOREARN
HAKD
THIGH
LEG

FOOT

p
4804.0

27705.0

1451.0
981.0
416.0

7541.0

3334.0

1055.0
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Phantom p and s values for Segmental Masses (in gms).
For Biomechanical Segmentation.

s
275.0
4188.09
323.0
132.0

37.0

887.0

© 390.0

121.0



PROPORTIONALITY/DEVIATION MODEL

The predictor variables selected for this model were the
same as those‘fOt the apatomical P/D Model. The essential‘
difference in this model is its use of the Clauser et al. (1969)
sample to generate the Phantom Reference values. The
Biomechanical P/D model is shown in Table 4.17. (Note thatl

weights are processed in kilograms.)

Table 4.17 "Proportionality/Deviation Model for the
Prediction of Biomechanical Segment Weight"

RHT = 170.18/LTOTSUS

ZHDG = {({ (HGPHD*RHT)~56) /1.044)

ZHDL = ({(HLVERMEN*RHT)-27.27) /1.02)
MZHEAD = ({(ZHDG*7)+ZHDL)/10)

PRHEAD = (({0.279%NZHEAD) +4.804) / (RHT**3))
ZSSSF = ( ({SFHSUB*RHT)=-17.2)/5.07)
ZILSF = [ ({TSFHIC*RHT)~-15.4) /4.47)
ZTRCH = ( ((TBMESOST*RHT) -27.92)/1.74)
ZABSF = (((TSPHSS*RHT)-15.4) /4.47)
ZHAG = (((TGWAI*RHT)-71.91)/4.45)
ZCHG = ({{TGMESOST*RHT) -87.86) /5.18)
ZBIIL = {({TBBIILC*RHT)-28.84) /1.75)
ZTRL = (((TLCTCO*RHT)-59.97)/3.7)
ZBIAC = ({{(TBBIAC*RHT)-38.04)/1.92)
ZAPCH = {{(DAPCHMES*RHT)-17.50) /1.38)

MZTR = ({ZCHG*7+ZBIIL+ZTRL+2¥AG-ZABSF)/9)
PRTRUNK = (((4.188*MZTR) +27.705)/ (RHT**3))
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ZAGR = ({ (GTR*RHT)-26.89)/2.33)

ZUA = [({LACRAD*RHT)-32.53)/1.77)

2HUM = (({BEPIHU%RHT)~6.48) /0.35)

ZTPSF = ({{SFHTR*RHT)-15.4) /4.47)

MZARM = ((ZAGR%*7+ZUA+ZHUM-ZTPSF) /8)
PRARH ({(0.323%MZARM)+1.451) / [RHT**3))

Hou

ZHRG = ({{GDISTY*RHT)-16.38)/0.72)
ZFA = (({LRADSTY#*RHT)-27.77)/1.37)
2FAG = {( (GMXP*RHT)-25.13)/1.41)
MZFARM =
PRFARMN =

({ZFAG*8+ZFA+ZWRG) /10)
({{0.132%NZFARM) +0.981) / (RHT**3))

ZHA = (({LSTYDAC¥RHT)-18.85)/0.85)
PRHAND = (((D.037%*ZHA)+0.416)/ [RHT**3))

ZTHG = ({((GUPTH#*RHT)-55.82)/4.23)

ZTHSF = (((SPHANTT*RHT)-27.0)/8.33)

2THIGH = (((LTROTIB*RHT)~35.44)/2.12)

ZFEM = (({BEPIFE*RHT)-9.52)/0.48)

MZTHIGH = ((ZTHG*7+ZTHIGH+ZFEN-ZTHSF) /8)
PRTHIGH = (({0.887*MZTHIGH)+7.541)/ {RHT*%3))

(L

ZMCSF = ({(SFHMEDC*RHT) -16.0) /4.67)
ZANG = {{ (GMNANK*BHT) -21.71)/1.33)
ZTIHT = ({(LTIBMAL¥RHT)~-37.72)/2.15)
2CAG = (({GMXCA%RHT)~-35.25) /2. 30)

it

MZLEG = { (ZCAG*8+ZTIHT*4+ZANG-ZUCSF)/12)
PRLEG = ({(0.390%MZLEG) +3.334) /(RET*%*3))
ZFOOTLN = {{{LAKPTE*RHT)-25.50)/1.16)

{
PRFOOT = {{{0.121%ZFO0T) +1.005) / (RHT**3})

Where: Weights are in kqg.
S5kinfolds are in mm.
All other measures are in Cm.

Variables prefixed with Z indicate
the variable expressed in Phantom
standard deviations.

Variables prefixed with M indicate
a mean value,

Variables prefixed with PR indicate
a predicted weight.

127



BIOMECHANICAL VOLUME~BASED HODELS

The two biomechanical volume-based models were constructed
in the same manner as were the anatomical ones, save for their
being built on Clauser's Sample. ;

The correlation coefficients, mean segment masses, standard
errors and F-ratio significance values for each segment
prediction for the CLVOLX model are depicted in Table 4.18., {(The
variables are those in the equations in Table 4.19)

Table 4.18 #Statistical Details of CLVOLX Model.®
{Sample=CLAUSER, n=13)

SEGMENT R-SQUARED MEAN  STANDARD SIG. OF
| (gms) ERROR  F-RATIO
B  (gns)
HEAD 0.67 4729 203 0.001
TRUNK 0.90 33312 1654 0.001
ARM 0.90 1730 100 0.001
F-ARHN 0.79 1055 76 0.001
HAND 0.75 425 34 0.001
THIGH 0.81 6749 543 0.001
LEG 0.91 2842 117 0.001
FOOT 0.77 959 47 0.001
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Table

Head

Trunk

Arm

F~-Arnm

Hand

Thigh

Leg

Foot

The eguations for the CLVOLX Model are given in Table 4.19.

4.19 wCalculation of Biomechanmical Segment Mass
from the Girth Sguared TIMES the Length"

0.04323* {Forehead girth*#*2)* {Vertex-Menton lgth)
+ 1909.0

0.0631* (Mesosternale girth**2)*({C7-Coccyx lgth)
+ 1667.8

0.05725% {triceps girth#**2)* (Acromiale~-radiale 1lgth)
+ 214.5

D.05537* (forearm girth**2)* (Radiale-stylion lgth)
+ 60.9

0,06140%{Wrist girih**Z)*(stylion-dactylion lgth)
+ 95.7

0.06223% (Thigh girth**2) *{trochanterion-tibiale lgth)
+ 406.1

0.05888%* (Calf girth**2)*(tibiale-malleolare 1lgth)
+ 688PE

0.06154% (Ankle girth**2))*{foot length)
+ 3141h 5



The correlation coefficients, mean segment masses,
standard errors and F-ratio significance values for each
segment prediction for the CLVOLA mddel
are depicted in Table 4.20.

(The variables are those in the equations in Table 4.21)

Table 3.20 - "Statistical Details of CLVOLA Model.®
{Sauple=CLAUSER, n=13)

SEGMENT R-SQUAEBED MEAN STANDARD S5IG. OF

(gms) - ERRGR  F-RATIO
{(gms)
HEAD 0.67 “Bwo 211 0.004
TRU NK 0.91 33312 1709 0.001
ARH 0.90 1730 105 0.001
F-ARH 0.80 1055 77 0.001
HAND 0.76 425 35 0.001
THIGH 0.81 6749 574 0.001
LEG 0.92 2842 120 0.001
FOOT 0.80 959 46 0.001
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The equations for the CLVOLA Model are given in Table 4.21,

Table 4,21 "Calculation of Segment Masses from the
Girth squared AND the Length?”

Head (1.12577% [Forehead girth*#*2))
+(60.81229*Vertex-menton 1gth)-154.8

Trunk {3.37038*(nesosternale girthx*2))
+{712.25837*%CT7-coccyx 1lgth)-37430.4

Arm {1.92533% (Triceps girth*x%2))
+{45.53599*Acroniale~-radiale 1gth)-1313.5

P-Arn (1.20675 (Forearm girth**2))
+(57.35762*%Radiale-stylion lgth)-1265.3

Hand {1. 42734 % (Wrist girth**2))
+{6.00298*stylion-dactylion 1lgth) -83.4

Thigh {2.87062*{Thigh girth**2))
+{119.57u425*%trochanterion-tibiale 1lgth)

-5125.1

Leg {2.26599% (Calf girth**2)) g
+{41.18498*t ibiale-malleolare lgth) -915. 4

Foot {38.55287%foot 1lgth)+ {1.4796u% (Ankle girth*x*2))
-592.9
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V. MODEL APPLICATION AND VALIDATION

This chapter is concerned with the validation of the

predicting models in an independent sample and the testing of

——— — i e e

PERCENTAGE OF BODYWEIGHT MODELS

For many years since the advent of Dempster's model {1955),
segment mrasses have been predicted from total body weight as a
fixed percentage for each segment. This presumes a fixed
relationship betveen the mass of each segment and total body
mass for all people. It £akes no more than visual inspection and
a set of scales to establish that some people have |
proportionally larger legs and some have proportionally larger
trunks for the same body weight, Theréfore, the accuracy of such
a model is doubtful. Yet this has been the standard approach for
nearly thirty years.

In 1957, Barter generated percentage equations for
segmental prediction based solely on percentage of body weight.
In 1963, Fujikawa reported similarly based eguations. Chandler
et al. provided further predictive equations of this type in
1975. All three of these models were applied a) to the MCAS

sample and b) to the CL sample to demonstrate the range of such
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predictions. The results of applying the first and last of these

models are displayed in table 5.1.

{The results for

Fajikawa?'s{1963) rodel were similar to those for’

Barter's{1957) .)

Table 5.1

MODEL

Total

Head
Trunk
L.Arm
R.Arnm
L. F/Arm
R.F/Arn
L. Hand
R. Hand
L.Thigh
R.Thigh
L. Leg
R.Leg
L.Foot
R. Foot

"Individual segment prediction percentage
discrepancies by percent-bodyweight

predictive models."

© On MiniCAS sSample.

Barter

[(1957)
mean S.d.
059 2. 1
8.7 10.3
6.4 7.6
5.5 1.6
3.3 12.4
32.8 18.%6
41.6 18.8
31.7 24.4
36.6 30.4
-21.6 10,1
-22.7 9,7
28.2 17,9
36.6 14.5
12.2 23.4
12.8 20.4

Chandler

et al. {1975)

meain
-ﬂ » 2

-9.2
12.8
15:9
12.9
28.8
26. 6
6.9
13.1
-24,6
-28.8
10.8
14,2
-5.7
-1.0

s.d.
OQG

5.7
6.3
13.6
16.8
16.3
14.8
20.2
26.7
7.6
6.7
15.0

12.9

19.8
17.8

On Clauser et al.'s
Sample (1969).

Barter

{1957)
REAn Sad.
-0.6 1.1
10.9 10.1
-5.0 4.9
16.1 10.8
16.1  10.8
15.9 11.9
1%.9 11.9
17.0 13.6
17.0 13.6
0.6 9.5
0.6 3.5
13.7 10.2
13.7 10.2
5.1 6.1
5.1 6.1

Chandler
et al. {1975)
mean s.d.
-0.2 0.0
-14.06 4.0
4,4 4.0
4.2 11.7
10.2 12.7
6.2 10.1
5.8 11.5
-2.9 11.4
3.2 13.0
3.4 9,7
~0.3 9.4
-3.0 B.4
-4.3 7.9
~-11.0 5.2
-8.5 5.3

A concession should be pnade in evaluating the prediction in

the MiniCAS sample, since the segpentation technigques were

different.

For example, an error in predicting thigh segments

{underprediction) would be anticipated due to the exclusion of
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some of the buttock fronm the’biomechanical thigh segment. Even
so, the predictions can be seen to be considerably astray from
the observed segmental masses in the CL sample. The summed total
of predicted segment masses naturally is close to the observed
total mass as\this is predicated by the models, but it is
obvious that in terms of reasonable segnent mass prediciion
these models are not reliable. In fact, Hanavan{1964) , when
using Barter's eguations in his own model; accepts a built-in
adjustment to each segment, should Baiter's egquations not
predict the total body mass when sunmmed.

The only validation of this type of model is on a cadaver
sample. When this is done there may be a clear indication, as in
Table 5.1 of the sample specificity of these particular |
equations,

It is not possible éo apply this type of model to an in
vyivo sample and use accounting for body weight as a validating
criterion because of the spurious correlation with body weight
inherent in this épptoach. S0, testing of such models is not
practicable. The indicétions for their use in in vivo samples

are not favourable.

SEGMENTAL ANTHROPOMETRIC MODELS

To demonstrate the prediction given by the models proposed
by this study {as opposed to "percentage of bodyweight" models),

the models were applied to a number of samples. These were:
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1. Sample COGRO - 896 children(male and female) aged 5 to 19.
2. . Sample NA - 142 college males and females aged 19 to 29.
3. Sample BB - 66 bodybuilders(male) aged 19 to 39,

Since the study investigated the prediction of two distinct
types qf segméntal rasses, i.e. anatomical and biomechanical,
the models pertaining to each type will be considered separately

in their application and validatiom.
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ANATOMICAL REGRESSION MODEL

Application of the regression model developed by’this study
to its own sample naturally reveals it as the best predictor
model for that sample (see Table 5.5), but even within its own
sample the accuracy of individual segment prediction for a.
single individual seenms toivary as can be seen from the standard
deviations of the percentage difference, as shown in Table 5.2.
This difficulty is inherent in small samples particularly vhen a

limitation {(choice and number) has been placed on the predictor

variables,
Table 5.2 #"Individual segment prediction percentage
discrepancies of the anatomical regression
nmodel on its own sample®
HODEL © HCREGHMC
mean sS,d.
Total 0.1 4.6
Head 0.3 5. 6
Trunk 0.2 Dol
Arm 0.0 4.1
F/Arm 0.2 4.9
Hand 0.4 7.3
Thigh 0.1 9.6
Leg 0.0 6.0
Foot 0.3 5.9
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Although the segmentation technigues of this study are not
identical to those of Clauser et al. {1969), comparison of the
individual segmental predictive ability of MCREGMC with that of
CLREGCL revealed no significant difference on examination by the
Kruskall—ﬁallis Test, (Conover, 1971). This test handles ordinal
data of one variable pertaining tobk independent samples, and
tests whether all k samples are from the same population. The
mean segment predictions for the two models are shown in Table

5.3 for ease of comparison,

Table 5.3 nIndividual segment prediction percentage
discrepancies comparison betvween Regression
Model in their own sanple"

MODEL NCREGHC CLREGCL

mean sS.d. Bean s.d.
Total 0.1 4.6 0.1 1.2
Head 0.3 5.6 D.4 3.5
Trunk o D2 H. 4 2.6 2.5
Arm . 0.0 4.1 D.b #.9
F/Arn 0.2 4#4.9 0.3 5.7
Hand 0.4 7.3 0.6 8.4
Thigh 0.1 9.6 1.4 7.3
Leg ~0.9 6.0 0.1 3.0
Foot 0.3 5.9 Ol 4.5

\

In simple terms, the MCREG model predicts as well in the MC

sample as the CLREG model predicts in the CL sample.
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ANATOMICAL PROPORTIONALITY/DEVIATION MODEL

The proportiomality/deviation model was applied to the MCAS
sample to examine the individual segment prediction ability. The

results of this application are shovn in Table 5.4.

Table 5.4 "Individual segment prediction percentage
discrepancies of the anatomical deviation
model on its own sanple®

MODEL HBCPDMC
mean sS.d.
Total -0.8 4.1
Head 0.1 5.6
Trunk 1.0 5. 9
Arnm 0.,1- 7.8
F/Arn 3.6 5.6
Hand -2.4 10.4
Thigh ~3.5 6.9
Leg -2.0 3.9
Foot 1.3 10.2

The predictions fall within the "acceptable" range for
absolute prediciion, except for the hand and foot segments. Both
these segments suffer from a lack of imnput data. A1l the other
segments fall well within the "exceptional" 10% error criteria
of Hanavan[1964), yet only ihe leg segment achieves the Ygood"

criterion of this study.
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ANATOMICAL VOLUME-BASED MODELS

The tvwo volume-based models were applied to the NCAS sanmple
to examine individual segment predictions. The results are given

in Table 5.5.

Table 5.5 "Individual segment prediction
percentage discrepancies of the
anatomical volume-based
models on their own sample"

MODEL MCYOLXHMC MCVOLANMC
mean S. 4. nean s.de.
Total 0.1 1.7 0.0 1.6
Head 0.5 7.6 D.3 5.7
Trunk 0.2- 5.3 0.2 4,5
Arm -0.0 5.3 0.0 3.5
F/Arm 0.2 4.7 0.2 4.8
Hand 0.4 5.6 i 4.6
Thigh 0.2 5.0 0.0 4.6
Leg 9.3 8.3 -0.0 5.3
Foot 0.3 6. 1 0.3 6.1

Nearly all segments are predicted at the "acceptable" level
by both models. The mean predictions are better than by the
deviation model and some are better than by the direct mass
regression model. The volume-based models seem able to haandle
prediction of the extremities more comprehensively than does the

P/D nmodel.
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COMPARISON OF THE FOUR ANATOMICAL MODELS ON THE HMCAS SAMPLE

Analysis of all four of the above models on the MiniCAS sample
by the Repeated Measures Test (Hull and Nie,1981) showed no
significant difference between any of the models in predictive
ability. This was confirmed by the Friedman Test {(Hull and
Nie,1981). This was as expected, since the models vere all‘

derived from this sample.
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MODEL VALIDATION

The above applications, of both the anatomical and the
biomechanical segment prediction‘models, to their own estimating
samples do noi provide direct validation of the ability of the
models to predict segment masses in larger or different
populations. As mentioned, the ability of a model to predict in
its estimating sample is expected. The prediction, based on the
mean values for the sample may not be perfect for the individual
subjects, but, in general (if there is any relationship between
two or more paraneters) will be satisfactory for nearly all
subjects in the estimating sample.

The ability of a model to account for total bodyweight is,
as discussed in Chapter I, an indication of the accuracy of the
model in predicting segment weight, but no more than an
indication - more useful as a means of comparing one model Hith
another, rather than checking the accuracy of the segment weight
prediction. |

The only true validation of the segmaat predictive ability
of the models is by application to an independent cadaver
sample., This poses a problem if no data from such a sample is
available. This study utilises two independent cadaver sanmples,
but the segmentation techniques employed were different for the
two sanples, {as discussed in both Chapters I and II).
Application of the models built on one sample, to the other

sample, could provide an indication of segment prediction
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adeguacy, if technique differences were taken into account when

exanining the resultant predictioas.

APPLICATION OF MODELS TO OPPOSING CADAVER SAMPLES

Based on the segmentation technique differences, i.e. the
planes of the cuts delimiting the segments, the MC models would
be expected to demonstrate the following prediction tremnds in
the CL sample. . |
1. = Head -~ similar.

2. Trunk - underprediction.

3. Arm - slight overpredictionm.

4, Forearm - underprediction.

5. Hand - slight overprediction.

6. Thigh - substantial overprediction.

7. Leg - underprediction.

8. Foot - slight overprediction.

To gain further insight into these differences, the mean segment
weights of the two samples were expressed as percentages of
total bodyweight and compared.

The calculated values of these derived parameters are given

in Appendix 8., Table 5.6 shows the mean percentages.
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Table 5.6 "Conparison of segment weights
expressed as percentages of
total bodyweight in the two
cadaver sanples.
WATBBDI PERHEAD PERTRUNK PERARM PERFARN

MCAS: 57608.3 7.32 46.16 2.71 1.33
CL:z $6517.9 7.18 49.99 2.60 1.59

PERHAND PERTHIGH PERLEG PERFOOT

MCAS: 0.62 13.41 3.69 1.51
CL: 0.64 10. 13 4.29 1.45

The hand is the only segment where the comparison of the
percentages did not confirm the technique expectation. This
either indicates that the CL sample was bigger handed than would
be expected or that the MCAS sample was smaller handed.

Apart from this, if these mean percentages are accepted as
a reasonable estimate of the technigue differences, MC models
would be expected to demonstrate differences in predicting
segment weight in the C1 sample of approximately the following
magnitade.

1. Head - plus 2% {i.e overpredict CL head segment by 2%)
2. Trunk - minus 8%

3. Arm - plus 4%

4. TForearm - minus 20%

5. Hand - plus small%

6. Thigh - plus 25%

7. Leg - minus 16%

8. Foot - plus 4%
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The reverse of these predictions would be expected when the CL
rodels are applied to the MCAS sample,

Bach of the anatomical prediction models [MCREG, HCPD,
MCVOLX, MCVOLA) was applied to the CL sample and each of the
biomechanical\prediction models (CLREG, CLPD, CLVYOLX, CLVOLA)
wvas applied to the HMCAS sanmple.

The results of applying MC models to the CL sample are

given in Table 5.7.
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Table 5,7 "Individual segment prediction percentage
discrepancies of the anatomical models
predicting in the CLAUSER sample®

MODEL HCREGCL MCPDCL
mean S.d. nean s.d.
Total ~2e5 4.1 -0.2 3.4
Head -1.0 6.4 -2.3 5.0
Trunk -10.1 6.7 -5,2 4.9
Arm 6.5 7.5 17. 1 9,2
F/Arm ~2.4 6.7 3.9 7.4
Hand 2.4 13.1 8.1 15.8
Thigh 25.0 11.2 32.71 11.5
Leg -13.2 6.4 -18.7 4.0
Poot 0.9 10.1 8.5 12.6
MODEL MCVYOLXCL MCVOLACL
Bmean S.d. mean S.d.

Total ~-3.8 2.7 ~2.8 3.4
Head ~-7.2 4.5 -1.2 6.4
Trunk -12.6 4.1 -11.3 5.1
Arm 5.1 6.3 6.1 6.7
F/Arm -4.0°- 6.1 -1.8 7.0
Hand 9.2 190.1 6.6 10.5
Thigh 29.9 10.1 28.5 10.2
Leg -20.4 4.3 -18.1 6.4
Foot 1.6 11.0 1.6 11.0

Examination of Table 5.7 supports the direction of the
predicted differences. If the mean segment weight predictions
are ad justed to take into account the systematic differences due
to technique, Table 5.7 can be rewritten as Table 5.8. {The hand

segment was not adjusted).
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Table 5.8 "Individual ADJUSTED prediction percentage
discrepancies of the anatomical models
predicting in the CLAUSER sample"™

MCDEL MCREGCL MCPDCL
mean S.de. mean S.d.
Total -2.5 4.1 -0.2 3.4
Head -3.0 b. b ~5.3 5.0
Trunk -2.1 6.7 -1.2 4.0
Arnm 2.5 7.5 13.1 9.2
F/Arm 18.4 6.7 23.9 7.4
Hand 2.4 13.1 8.1 15.8
Thigh 0.0 11.2 7.1 11.5
Leg 3.2 6.4 -2.7 4.0
Foot -4.9 10.1 4.5 12.6
HODEL MCVOLXCL - MCYOLACL
mean S.de. mean sS.d.
Total -3.8 2.7 -2.8 3.4
Head -9,2 4.5 -3.2 6.4
Trunk -4 .6 4.1 -3.3 5.1
Arnm 1.1 6.3 2.1 6.7
F/Arn 16.0"- 6.1 19.8 7.0
Hand 9.2 10.1 6.6 10.5
Thigh 4.9 10.1 3.5 10.2
Leg 4,4 4.3 -2.1 6.4
Foot -3.6 11.0 -3.6 11.0

Examination of Table 5.8 reveals that few of the
predictions, of the MC models in the CL sample, come within the
"acceptable" criterion. No segments were predicted within this
range of individual segment prediction by MCREGCL. NCPDCL
achieved this range for the head, trunk and leg segments only.
MCVOLXCL predicted only trunk, arm and leg segments
"acceptahly“..HCVOLACL predicted only trunk and arm segments

within this range,
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The prediction of the forearm had the largest mean
discrepancy for all four models. This would seem to indicate
either a discrepancy in one or more of the predicting variable
definitions from within the CL sample, resulting in
non—equivalenée of the variable{s) used in the prediction, or an
inappropriate adjustment factor. |

Although the models cannot be said to be validated
according to the criteria established in Chapter I, the
predictions were all in the directions anticipated by the
technique differences. It should be recognised that the
adjustment factor was based on ihe mean percentages of the two
samples, increasing the chance of a predictive error in the
individual. This increased error may well have been sufficient
to push most of the predictions outside the criterion range.

To examine whether this large variation in prediction was
unigue to the MCAS sample, or whether the cross-technigue
comparison was increasiny the predictive error, the reverse
procedure, of applying the CL models to the HCAS sample was
perforned.

The results, with adjustment for technique differences

included, are shown in Table 5.9
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Table 5.9

NMODEL

Total

Head
Trunk
Arm
F/Arn
Hand
Thigh
Leg
Foot

NODEL

Total

Head
Trunk
Arp
¥/Arm
Hand
Thigh
Leg
Foot

CLREGHNC

mean
0.6

8.8
5.0
-B8.8
-23.5
0.4
-1.2
8.7
15.3

Py
[l Ro REVe R SRR |

pry
[+)}
.

2

S.d.

e
.
b

E~NWwonTn &

3.1

CLYOLXHC

mean
-0.7

12.9
3.1
-6.4
—20.3 .
-3.5
-4.9
8;1
17.0

N =t

S. d.

-
.
LN

» @ . & [ L[]

CLPDNMC

mean S.4d.
-3.5 2.7
5.1 8.0
1. 4 6.5
-17.3 19.8
~21.8 3.6
2.4 6.1
-H.5 13.3
5.5 4.8
-1.8 14.2
CLVGLANC
mean sS.d.
-%1.6 1.9
9.9 8.0
3.0 7.4
-6.56 8.7
=-31.6 10.7
2.4 9.8
-6.9 11.3
7.9 12.0
13.3 23.5

"individual ADJUSTED prediction percentage
discrepancies of the biomechanical models
predicting in the MCAS sanmple®

Examination of these results indicated that the CL models

predicted poorly in the MCAS sample when compared to MC models

predicting in the CL sample. The only segment to be "acceptably®

predicted vas the trunk segment and that was only by one model,

i.e. CLPDNMC.

Nevertheless,

the direction of technique

differences was confirmed and the magnitude of the adjustmeant

seemed to be reasonable, at least in the major segments of head,

trunk and thighs.

The mean forearm predictions once again stood out as being

widely discrepant from zero for all four models.
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confirm the suspected variable differential, and/or that the
adjustment factor used for this variable was not the appropriate

one.

APPLICATION OF MC MODELS TO CAS DATA {1973/80)

Although the Cadaver Amalysis Study{CAS) of Clarys et
al, {1984) 4did not segment the limbs at the elbow, wrist, knee or
ankle joints, segmentation was carried out at the shoulder and
hip joints by the same technique as used in the MCAS sample.
{Duplicating the CAS technique was one of the deciding factors
in the MCAS technique selection at both the hip and the
shoulder, as discussed in Chapter I.) The CAS data, therefore,
included weights for the'uholé upper and lower liambs.

It was thus possible to apply a furtﬁet validation test of
the MC models by applying them to the CAS sample, predicting
segment weights, and then summing the limb segment predictioans
to estimate the whole 1limb weight. This estimate could then be
compared to the observed whole limb weight.

The neck was not segmented in the same plane in both
studies. The CAS sample had the neck associated with the head
segment, whereas the MCAS sample had the neck associated with
the trunk segment. Therefore the predictions of these two
segments were combined to estimate head AND trunk as a single
unit. This was then compared to the observed weight of the

cosbined urit.,
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The means, standard devia{ions, naxima and minima of the
percentage discrepancies of the MCREG segment predictions in 23
CAS subjects, for the head and trunk, upper limb, and lower limb
segments are shown in Table 5.10. The individual predictions for

the same parameters are shown in Appendix 9.

Table 5.10 Application of MCREG and BARTERreg
to CAS Data.

HCREG BARTERraqg
PDHDTR PDUL PDLL PDUL
{n=21) {(n=23) {n=23) {n=23)
Mean -3.7 -5.1 . -T7.2 10.6
5.D. 8. 7 B.2 6.6 9.9
Minima -25.1 -18.2 -19.6 -3.8
Maxima 12.4 26.2 5.3 32.2

Where: PDHTR is the percent discrepancy
of the combined head and trunk.
PDUL is the percent dlscrepancy
of the upper limb.
PDLL is the percent discrepancy
of the lower 1limb.

These results fell within the "acceptable®" range {of 95% of
the sample predicted within 15% of the observed segment weights)
in the head and trunk segment. However this "acceptable®
prediction target was only narrowly missed overall. In the head
and trunk segment, 20 {of 21) subiects (95%) were predicted
within 15% and 15 (71%) were predicted within 10%, the "good”
level.

In the upper 1limb, 21 {91%) were predicted at the

"acceptable™ level and 18 (78%) at the "good" level.
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For the lower limb regipn, the predictions were "acceptable
in 20 out of 23 (87%) and "good" in 16 (70%).

The overall prediction for the three segments revealed 61
out of 67 segments predicted within 15% of the observed values.
This tepresenfs 91% of the sample. This is an acceptable
validation of the MCREG model in an independent sample.v
Barter's {1957) model was only able to predict 68% of the
segments within 15% in Clauser et al.'s{1969) sample.

The other three MC models were also applied to the CAS
sample. The individnal segment predictions are given in Appendix

10. The summary results are givenm in Table 5.11.

Table 5.11 ®"Application of MCPD, MCVOLX and
HCVOLA models to the CAS sanmple.®

PDHDTR PDUL PDLL
MCPDCAS -
Hean -5.5 -3.1 -15.0
S.D. 5.8 6.4 6.6
Min. -13.9 -14.6 -25.8
Hax. 4.5 12.3 -1.8
MCVOLXCAS
Mean -1.3 -7.8 -13.2
S.D. 7.9 4.2 5.4
Bin. -t4.4 -16.9 -22.8
Max. . 14.8 -0.1 -4,1
BCVYGOLACAS .
Hean -2.7 ~7a1 -11.3
S.D.. 7.4 4,2 5.1
Min. -18.0 -16.7 =-19.0
Max. 11.7 1.7 ~-3.6

The predictions in all three models were on a par with the

predictions by MCREGCAS, except in the lower limb segments., The
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HC?OLX model predicted 100% of the head and trunk, and upper
linb segments within 15%, and, overall, predicted 84% of the
segments within 15%.

The MCVOLA model also predicted 84% of all segments within
15%, with predictions in the head and trunk, and upper 1limd
segments, at this level, of 94% and 96% respectively.

The MCPD model did not fair gquite as well, predicting only
70% of all segments within 15%, but predicted 100% of the head
and trunk segments at the "acceptable" level and 71% of the:
upper limb at that level., Thee appears to be a systematic
underprediction in the lower limb by these three models. This
underprediction could be explained by a technique difference in
the measures taken in the CAS sample for the thigh and leg
lengths. No correction was made for this in calculating the
above predictions, but there is no doubt that this affected the

overall percentage of "acceptable™ prediction considerably. .

APPLICATION OF BARTER'S{1957) REGRESSION TO THE CAS SAMNPLE

The regression egquations from Barter (1957) were also
applied to the CAS sample to verify that the MC model
predictions were at least as good as a currently-accepted model.
Since there was a technigque-dependent discrepancy in trunk and
thighs due to the segmentatién at the hip, (Dempster, 1955 cf.
Clarys et al.,1984) only the prediction of the upper limb was

considered. The difference in technique at the shoulder was
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minimal.

The individual predictions for this parameter are given in
column four of the table in Appendix 9. The means, standard
deviations, maxima and minima are shown in the #4th coluamn of
Table 5.10. |

Barter?s equations do not achieve the "acceptable".level of
prediction, predicting slightly less well than the MCREG model.
17 out of the 23 subjects were predicted at the "acceptable®
level (74%), and 11 {48%) vwere predicted at the "good" level.

A t-test (Ferguson,1976) was applied to the prediction of
the upper limb by both MCREG and Barter's model, to test the
significance of the difference between two means for correlated
samples. The result showed the MCREG prediction to be
significantly better at the 0.1% level, easily achieving the
"good" criteria defined in Chapter I.

The test was repeated for each of the other three NC models
(comparing them to the Barter model). Both HCVOLX ahd MCVOLA
vere significantly better at the 0.1% level also. The MCPD model
demonstrated no sigaificant difference.

This comparison reinforces the conclusion to accept the
MCAS cadaver sample as a basis for predictive models of segment
weights, and confirms the acceptance of the generated models. On
the independant sample (CAS), three of the models showed that
they predicted significantly hetter than the
percentage-of-bodyweight model and the fourth predicted as well.

The mnodels achieved these levels of prediction through segmental
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anthropometry alone, whilst at the same time accounting for

total body weight without reference to that parameter.

IN VIVO APPLICATION O NATOMICAL PREDICTION HODELS

pime  ————

The anatomical models were applied to three in g;gé samples
measured by the Simon Praser Kinanthropometric Research Unit.
These were:

1. . Sample COGRO — 896 children{male and female) aged 5 to 19.
2. Sanmple NA - 142 college males and females aged 19 to 29.
3. Sample BB - 66 bodybuilders{male) aged 19 to 39.

Since it was not possible to test the accuracy of the
individual segment predictions dﬁe to the in vivo nature of the
sample, the adequacy of the prediction was based on the sum of
the predicted segments egualling the observed body weights. This
is a reasonable tactic for the puarposes of comparing models |
since bodyweight was not a predicting parameter in any of them.

The means and standard deviations of the percentage
differences of predicted versus observead pody weights for the
four models on each of the four samples are displayed in Table
5.12. {The cadaver sample predictions have been included here as

well for ease of comparison.)
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Table 5.12 "Means and standard deviations of the
percentage discrepancy between
predicted and observed bodyweight
for the four anatomical models
models on each of four samples.”

Model - NCREG MCPD

Sample mean S.d. mean s.4.

[ 0.1 4.6 -0.7 4.1
n=6

Cco 4.6 7.7 2.1 5.4
n=89%

Na 3.1 6.5 2.2 5.8
n=142

BB 13.1 6.9 7.8 3.4
n=656

Model MCVOLX MNCVOLA

Sample mean S.d. mean s.d.

MC 0.1 1.8 0.0 1.6
B=6

Co 6.0 T4 -0.8 7.4
n=8946

Na 0.8 4.9 1.5 5.1
n=142 ’

BB 7.2 4.0 13.86 5.5
n=66

To clarify the guestion of which nodel gave the best
prediction, all models were subjected to the Repeated Measures
Test for 1-way Analysis of Variance of the difference of the
means for the percentage predicted difference, for each sanmple.

The results of this asalysis are shown in Table 5.13.
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Table 5.13 "Results of Repeated Measures analysis
of four anatomical models
applied to four samples.”

Sample Best Model

MCAS \ None significant at 5%
COGRG MCVOLA {sig. < 0.1%)
NEWADULT MCVOLX {sig. < 0.1%)
BCDYBU ILDER BCVOLX {sig. < 3.0%)

Table 5.13 shows that the best choice for predicting
anatomical segment mass in adults is the volume-based model
using a single compound predicting variable, i.e. the squared
girth multiplied by the length of the segment being predicted.
One feature of this model is that it has the correct
dimensicnality resulting from its compound variable.

In children, the volume-based model with the girth sguared
and the length as distinct variables gives a greater opportunity
to explain the variance across the age tange. The
proportionality/deviation model proved to be the second best
predictor in both the COGRO and BB samples.

The predictiéns of MCVOLA and MCPD, in COGRO were examined
by age group. This comparison is given in Appendix 11. The
MCVOLA model, whilst significantly better over the whole sample,
did\not predict the younger age groups as well as it did the

older ones. The MCPD model, however, predicted uniformly well
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irrespective of the age group. For this reason, the ACPD model

may well be preferred for predicting in child saaples.

BIOMECHANICAL PREDICTION

BIOGMECHANICAL REGRESSIGON MODEL

Clauser et al.'s(1969) regression was applied to their own
sample to verify the individual segment prediction. This |
application was included here to obviate the need to refer to
Clauser et al.'s{1969) publication solely for this purpose. The

predictions are as shown in Table 5.14.

Table 5.14 "Individual segment prediction percentage
discrepancies of the biomechanical regression
nodel on its own sanmplev

MODEL CLREG
mean s.d.
Total 0.1 1.2
Head D.4 3.5
Trunk 2406 2.5
Arm 0.6 4.9
F/Arm 0.3 5.7
Hand 0.6 B. 4
Thigh 1.4 7.3
Lleg 0.1 3.0
Foot 0.4 4.5
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It should be remembered that this model was developed by
Clauser et al. {1969) and is not a product of this study. Its
consideration here provides a valuable basis for comparison for
the other three biomechanical segment predicting models which
were develaped, and a useful comparative device for evaluating
the anatomicai segnent predicting models as well.

Based on the criteria of this study, the predictions only
achieve the "satisfactory" level (prediction of individual
segments within 15% for 95% of the sample) in half the segments.
These results give. . a clear indication of the general level of
predictability (within segments) of a "currently accepted”
model. The comparison of the ability of the CLREG model to
predict in sample CL compared to the ability of the MCREG modél
to predict in sample NMC showed no significant difference between
the tvo models {at the 0.05 level, as examined by the
Kruskal-Wallis Test {Conover, 1971) for the comparison of meaﬁs

of independent samples.) as discussed earlier in this chapter.

158



BIOMECHANICAL PBOPORTIONALITY/DEVIATION MODEL

The biomechanical proportionality/deviation model was
applied to the Clauser sample to examine the individual segment
prediction ability. The results of this application are shown in

Table 5.15.

Table 5.15 "Individual seyment prediction percentage
discrepancies of the biomechanical deviation
nodel on its own sample”

MODEL CLPDCL
mean S.d.
Total -1.0 3.2
Head 2.4 4.8
Trunk -1.6 4.3
Arm 2.8 bae?2
F/Arm D.9 6.9
Hand 7.4 14,4
Thigh 3.2 8.1
leg 3.4 5.3
Foot 3.5 13.2

Predictions were "acceptable" omnly in the head, trunk and
leg segments. The hand and feet predictions are more disparate
than the other segments, again most probably as a function of
the limited data variables évailahle for the predictions in

these extrenmities.
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BIOMECHANICAL VOLU#AE MODELS

The two biomechanical volume-based models were also applied
to their estimating sample to examine individual segment

predictions. The results are shown in Table 5.16.

Table 5.156 "Individual segment prediction percentage
discrepancies of the biomechanical
volume-based models on their own sanmple”

MODEL CLVOLICL CLVOLACL
mrean s.d. pean S.d.
Total -1.3 2.6 -1.3 2.4
Head 0.1 34,2 0.1 4.1
Trunk 0.2 4,6 0.2 4.4
Arnm 0.3 5.8 0.3 5.8
F/Arnm 0.4 6.4 0.3 6.3
Hand 0.6 B.7 0.6 8.3
Thigh 0.4 7.5 0.4 7.7
Leg 0.2 4.4 0.2 4.3
Foot 0.2 5.2 0.2 4.8

Individual segment predictions were "acceptable” in all but
the hand and thigh segments. Head, trunk and leg predictions
vere %good". The mean segment predictiomns in both models are
very pleasing, particularly in the light of the unifornm
smallness of the standard de#iation.

Analysis of the predictions of all four biomechanical

prediction models on their estimating cadaver sample, by the
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Repeated Measures Test, revealed no significant difference
between any of the models in predictive ability for this sample.
Again, this was to be expected since all four models were

estimated on this sample.

IN VIVO APPLICATION OF BICMECHANICAL PREDICTION HMODELS

All four biomechanical models were then applied to the sanme
three in vivo samples as were the anatomical models. The s?me
criteria were used in this application also.

The mean and standard deviation of the differences of
predicted versus observed body weights for the models on each of

the four samples are displayed in Table 5.17. {(The cadaver

sample predictions have also been included.)
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Table 5.17 "pleans and standard deviations of the

Model
Sample

CL
n=13
COo
n=89%6
NA
n=142

The four

Heasures Test

percentage differences of

predicted versus observed bodyweight
of the biomechanical predicting
models on each of four saaples.”

CLREG CLPD
mean s.d. mean Sa.ds
0.1 1.2 -1.0 3.2
-4,0 13.6 -0.2 5.3
4,2 2.7 1.3 5.7
8.4 2.4 22.7 3.8
CLVOLX CLVOLA
mean S.d. mean S.d.
-1.3 2.6 -1.3 2.4
7.0 6.7 -13.8 14.8
3.0 4.9 ~3.2 4.9
10.5 4.3 6.5 5.0

models and samples were éubjected to the Repeated

for 1-way Analysis of Variance of the difference

of the means for the percentage predicted difference. The

results of this amalysis are shown in Table 5, 18.
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Table 5.18 "Results of Repeated Measures
analysis of four biomechanical models
applied to four saamples."

Sample Best Model

CLAUSER . None significant at 5%
COGRO CLPD {sig. < 0.1%)
NEWADULT CLPD {sig. < 0.1%)
BODYBUILDER CLVOLA [sig. < 0.1%)

The results of this analysis shows the P/D model as the
best predictor in both CO and NA samples. As was seen in the
application of the anatomical models to the in viyvo samples,
there was no model which predicted best in all samples, though
the P/D model was preferred {in that it was as good as, or
better than, the other models in three of the four samples); The

biomechanical predictions also reflect sample specificity.
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Vi. CONCLUSION

The final chapter discusses the results of the study and
considers the acceptance and application of the generated
models.

The investigation of segmental mass properties of the human
body is no simple task. Current technology does not readily
permit measurement of this parameter in vivo. Therefore, |
measurements mnust be made on the dead and relational information
extrapolated to the living.

The theme of this study has been that the accepted method
of prediction - considering the segment weight as a fixed
percentage of the total body weight {with all the concomitant
assumptions that eatails) - is not as good as the prediction
from segmental ahthropometry. The Y"percentage" method has been
used from the time of Harless{1860) right through to Chandler et
al. {(1975). The only model to emerge during that period which
used segmen;al parameters for predicting segment mass was that
of Clauser et al.{1969). Even the mathematical models of
Whitsett{1962), Gray(1963) and Hanavan{1964) used a "percentage”
method to determine segment mass, despite using segmental
anthropometry to predict segment volunme.

The continued use of this "nercentage® tactic today,
highlights the general acceptance that this type of model

enjoys. Despite its not bteing a good predictor of individual
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segment mass when applied to‘non—estimating cadaver samples,
many investigators are prepared to regard it as an acceptable
predictor. In addition, this type of model always accounts for
total body weight, obviating any failure to do so which might
call into gueétion the segment predictiona accuracy.

To examine the hypothesis of this study, that:

tdifferences in segmental anthropometry will reflect
differences in segment composition, giving an improved
estimate of segment mass compared to a prediction based
on a percentage of body weight®

a cadaver sanmple was segmented and four models were developed.
These models were then validated against an independent cadaver
Sample, before being tested on three in ¥ivo samples. A unique
segmentation technigue resulted in Yanatomical" segments being
delineatéd. Thus the models generated from this sample predicted
fanatomical”" segments.

In parallel, using the raw data from Clauser et al.?'s{1959)
study, three "biomechanical" segment predicting models were
developed. These three models, plus Clauser et al.'s{1969) own
regreSsion model, were tested in the three in vivo samples.

The four anatomical models w%ill be discussed first.
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ANATOMICAL PREDICTION

Six cadavers were subjected to an extensive battery of

anthropometric measures, segmented, and their segments yeighed

both in air and under water. Anthropometric measures were

regressed against the segment masses and eguations developed to

predict segmental mass from segmental anthropometry.

Model Development

Four regression models were developed which predicted

“"anatomical” segment mass.

These were:

1. .

The REG model -~ predicting segment mass as a direct
regression from segmental anthropometiy {one or two
predicting variables).

The PD model - predicting mass as a deyviation from a
reference mass by examining the deviation of segmental
anthropometry from reference segmental anthropometric
values.

The VOLX model - predicting mass by regression from a
conbined variable which was derived by multiplying the
squared girth of the segment by its length.

The VOLA model ~- predicting mass by regression from two

segmental variables, a squared girth and the length.
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In addition, reqression equations were generated to predict

segnent tissue masses from intra~-segmental anthroponmetry.

Model testing om the Estimating Sample

The four models were applied to the cadaver sample fron
which they were estimated and their ability to predict
individual segment masses was examined. Though none of the
models achieved the criterion, of predicting all segments Qithin
10% in 95% of the sample, that had been hoped for, it seenms
clear, particularly in the light of the predictions of extant
models in their own samples, that such a criteria had been an
overly ambitious one and that the results achieved can be

regarded as being positive.

Cross-technique Prediction

The ability to predict in an estiﬁating sample is not a
validation of a model. Application of the model to an
independent sample is necessary. The only independent sample for
which data were available on 14 segments was that of Clauser et
al. {1969) . The segmentation techniques for this sample wefe
videly different in some segments. |

In order to validate the anatomical models, an attempt was

made to quantify the differences due to technigue and then
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prédict segment masses with the anatomical models in the
biomechanical sample and vice versa.

The four anatomical models were applied to the Clauser et
al. {1969) sample and an adjustment was made to the individual
segment prediétions based on the differences between the segment
mean percentage of body weight values obtained in the two
samples. Similarly, the four biomechanical models were applied
to the MiniCAS sample and adjustments were made in the opposite
direction. The results of the eight applications were then
examined.

Analysis of the results using a Repeated Measures Test
showed no significant difference between the predictions of the
various models. None of the models achieved prediction criterion
levels of "acceptable®™ in all segments. Indeed, only one of the
biomechanical models even predicted a single segment at this
level. The predictions of the models were, however, as good és
the predictions of an accepted "percent-of-bodyweight" model
{Chandler et al.'s 1975 regression) in a same-technique sample
{the Clauser et al. (1969) sample).

It is difficult to judge to what extent tolerance should be
allowed for probable failure to compensate sufficiently for
teéhnique differences. At best, the application of the
anatomical models confirmed that their predictions are as good
as accepted models in an independant sample. The first
biomechanical model (CLREG) already enjoys acceptance in the

field. The results of this study show models{CLPD, CLVOLX and
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CLYOLA) as egually good predictors within a cadaver sample.

Application of MNC models to the CAS sanmple

Further confirmation of the anatomical models was sought by
applying them to the fractionated cadaver sample of Clarys et
al. {1984). The only segments in the CAS sample which paralleled
those in the MiniCAS sample, were those of the head-and-trunk,
upper limb and lower limb. It was felt that a valid comparison
could be made in terms of predicting those three combined
segments by predicting and summing the segments which
constituted them. This was done for the 23 subjects in the CAS
sample,

Based on the validation criteria set out at the beginning
of this study, the prediction of 93% of fhe combined segments
vithin 15% of their observed values, by the MCREG model, appears
to be a clear confirmation of the validity of applying models
built on the MiniCAS sample to other samples. The equally good
prediction in the head-and-trunk and upper limb segments by the
other three models, and their acceptable systematic
underprediction in the lower limb segments (due to length
neasurement technigue differences), confirmed the adegquacy of

their use also.
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Comparison with Barter's Prediction in the CAS Upper Limb

A final test as to the adequacy of the anatomical models
was conducted by applying the regressions of Barter{1957) to the
CAS sample to predict the mass of the total upper limb. The
predictions obtained were then compared serially with the MCREG,
HCPD, MCVOLX and MCVOLA predictions of the same parameter, using
Student's t test. The superiority of the three MC models at the
0.1% level confirmed their acceptance as predictors in

independant samples.

In vivo application of models

Followingy the estaplishment of the acceptability of
individual segment prediction by the anatomical models, the
nodels were then applied to a number of in yvivo samples and
examined on the basis of their ability‘to account for total body
weight.

The second volume-based model {girth sguared and a length)
proved to be the best predictor in the sample of 896 children
aged 5 to 19, followed by the proportionality/deviation model.
The PD model, however, showed a more uniform prediction at

younger age levels. The first volume-based model {girth sguared

times a length) proved to be the best predictor in the two in
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vivo adult samples.

The results of these applications do not reveal any single
model as the best overall. The absence of a clearly superior
model suggests an interaction between the models and the sample
being tested. The sample appeared to be close: to the estimating
sample in some parameters (i.e. those used as predictors in the
particular =odel) than in others. As a result it appears more
appropriate to recomnmend the use of the model which performed
best in the sample im this study closest to the sample which an

investigator wants to exanine.

BIOHNECHANICAL PREDICTIONS

A parallel developmént, application and analysis of
biomechanical segment prediction models was enabled by the
granting of access by Charles Clauser to their 1969 cadaver
data.

In addition to Clauser et al.'s{1969) own regression model,
three models were developed to predict biomechanical segment
mass which corresponded to the proportionality/deviation and
volume-based models of the anatomical phase of the thesis. The
same series of procedures was carried out, the only difference
being the use of Clauser et al.'s{1969) sample as the estimating
samnple. |

When applied to their estimating cadaver sample, none of

the four biomechanical models showed any significant
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superiority, over the other three, in prediction of the
individual segment masses. Comparison with percentage of body
weight predicting models, however, showed all four of these
models to be significantly bette: at the 1% level. Since Clauser
et al.'s(1969) regression model (CLREG) uses bodyweight as a
predictor, this result confirms the quality of bodyweight as a
predictor in an estimating sample, whilst at the same time
confirming the inappropriateness of its use in a non-estimating
sanple.

Individual predictions were good for all models but {(as for
the anatomical prediction models) did not reach the criteria, of
predicting all segments within 10% in 95% of the sample, aimed
at.

The four models were applied to the MCAS sample with the
results as discussed earlier in this chapter. The CLREG model
needs no validation by this study as it has long been accepfed
in the field of biomechanics as a segment predictor. The
cross-technigque application confirmed the ability, however, of
the three biomechanical models developéd in this study (CLPD,
CLYOLX and CLVOLA), to predict individual segments equally as
vell as the CLREG model.

The four models were then applied to the three in vivo
samples.

In both the child and young adult samples, the
proportionality/deviation model was significantly superior in

accounting for total body weight {as an extrinsic evaluation of
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segment prediction accuracy). It was not, however, as good in
predicting in the bodybuilder sample as was the first
volume-based model (girth squared and a length) or Clauser's
regression mnodel.

Recommendations about the choicevof a biomechanical model
are the same as those made with reference to the anatomical
models, since the interaction of model and sample is also
apparent in this phase of the thesis. Therefore, again, it is
felt that it is more appropriate for an investigator to choose
the model which performs best on the sample most closely

approximating the sample that is to be examined.

ACCEPTANCE (F MODELS

The models are acceptable for the following reasons:

1. The MC podels predict anatomical segment mass, as defined
earlier, - a feature of no other segmental model. This is a
contribution to the area of segmental analysis, providing an
alternative to the "1link" segment approach of the
biomechanists.

2. The segrental tissue mass regression models provide a first
estimate of segment conmposition which is umnique in the
literature. |

3. The PD, VOLX and VOLA models, both anatomical and

biomechanical, are significantly better in normal young
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adults and children, in predicting what they claim to, than
are direct regression models built from the same sample.
The PD, VOLX and VOLA models {and the REG model for
anatomical prediction) do not use body weight as a
predicting variable. This not only confifms that segmental
predictors are as §ood as, or better than total bodyweight
in reflecting segment composition, but also permits the use
of bodyweight as an indirect wvalidation of the segnment
predict ions.

Models of this type permit the introduction of body weight
as a final adjustment, (the discrepancy between predicted
and observed body weight being distributed proportionally
across the segments), without jeopardizing the use of body
weight as an indirect validation procedure.

The models should be employed with caution, however. Due to

the inability to achieve a prediction in individual segments of

better than 5% in 95% of the cadaver samples, reservations are

expressed as to the use of these models for other than group

comparisons. It is appropriate, here, to echo Clauser et al.'

words at the conclusion of their 1969 report:

"the predictive equations developed in this study are
believed to provide a better estimate of weight of
segments of the body for individuals and populations
than were previously available. They should not,
however, be considered as other than good first
approximations until they can be adeguately validated on
live populations" 1

. _ - ———

1Clauser et al. {1969), page 61.
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APPLICATIOHNS

The major applications of the anatomical models will be to
encourage the use of anthropometry to assess segmental mass
characteristics for the appraisal of normal growth status. Used
in longitudinal desigms, the models can be related to changing
patterns associated with genetic and environmental influences,
including exercise, diet and specific treatment modalities. The
human design and individual variation can be appraised by
Jengths, breadths, girths'and skinfold thicknesses., Properly
integrated, they can reconstruct both segmental and tissue
masses which describe the theatre for the physiological events
which characterise movement and life itself.

The biomechanical gpdels will provide a better method for
estimating segmental mass for understanding human locomotion and
the needs for ergonomic engineering. The applications in this
area are many and the need has been long recognised (Hanavan,
1964) .

" The provision of eguations for thé prediction of tissue
components within limb segments is an important advance in the
area of cadaver analysis application. Until 1980, nearly all
cadaver studies had been concerned with the mass of total
segments and not their internal compositional masses. In 1980,
Clarys et al. [1984) conducted what was, perhaps, the most
comprehensive compositional dissection ever. The work of this

study has added to the establishment of Clarys as one of the
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foremost compositional analyst in the world. This study only

presents component regressions for the limb segments, but the
data are now available from the major study which will permit
calculation of the trunk components as well, {a project being

undertaken by others.).

FUTURE RESEARCH

Several directions are indicated for future research in the
area. Time and money did not permit the use of fresh cadavers
for this project. The use of embalmed cadavers in this study was
based on the assumption that tissue changes after demise are
matched by changes in anthropometry such that the relationship
of one to the other is fundamentally unaltered. Whereas the
models are acceptable in their present form for group
comparisons, the use of fresh cadavers may enable an improved
model to be developed for individuwal prediction, since both
anthropometry and tissues may more closely approximate the in
vivo sitonation. Obviously this has to be a long term goal due to
cost and cadaver availabilty.

Further, the predictive value of the model will be
improved, by a more heterogeneous sample which represents as
vide a range of subjects as possible. The great advantage of the
segment anthropometric model is that it can only be enhanced by
improved anthropometric technigues, e.g. improved skinfold

measuremnent, and more comprehensive data assembly. The
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"percentage-of-bodyweight” model has no room for improvenment,
except perhaps by the use of much larger samples.

There is a clear need for more analysis in the younger age
groups to more closely approximate the compositional status of
the living, in particular those who are more active. Ofvcourse,
this may neverkbe achievable, since young healthy people do not
normally die without debilitation or trauma. Computerised Axial
Tomography may be one solution to the problem, but cadaver
validation is still needed initially with this procedure and the
costs are virtually prohibitive at the present time.

The above suggestions are, basically, improvements on the
existing research in terms of more comprehensive sampling or
better material. A more exciting ﬁi;ectidn that presents itself
is the development of thg models, both in terms of segment mass
and segment composition prediction further across the biological
continuum, firstly to other primates and then to other mammals.

Many, animal dissections have been carried out, but little
or no anthropometry has been done beforehand. If sufficient
animal data (anthropometric and cadavef) can be obtained, and a
valid segment mass prediction model constructed, then
compositional changes in animals can be studied without
sacrificing the animals being studied, and significant advances
can be made in momitoring nutritional and exercise effects in |
such animals.

The models developed in this study are important céaceptual

tools which will promote the development of a general segmental
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prediction model applicable across the species. In doing so they
will be a medium for the integration of human and animal biology
and will further develop the essential links between

anthropometry, quantitative anatomy and functional morphology.
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APPENDIX 1 ~ DEPINITIONS OF ANTHROPOMETRIC LANDMARKS AXD OTHER
SPECIFIC MEASUREMENT SITES
The landmarks used are basically those of Ross et

al. {1978).

Acromiale - the point at the superior and external border of the
scapula.

Radiale - the point at the lateral ‘border of the head of the
radius.

Stylion - the most distal point of the styloid process of the
radius.

Metacarpale Radiale - the most lateral point of the head of the
2nd metacarpal.

Metacarpale Ulnare - the most medial point of the head of the
5th metacarpal.

Dactylion - the tip of the middle finger.
Ilio-cristale - the most lateral point of the iliac crest.

Ilio-spinale - the undersurface of the tip of the anterior
superior iliac spine.

Trochanterion - the most superior point on the greater
trochanter of the femur.

Tibiale Mediale - the most proximal point on the medial aspect
of the tibia.

Tibiale Laterale - the most proximal point on the lateral aspect
of the tibia.

Malleolare Externus - the most distal tip of the fibular
malleol us.

Malleolare Internus - the most distal tip of the tibial
malleoclus,

Metatarsale Tibiale - the most medial point on the head of the
1st metatarsal.

Metatarsale Fibulare - the most lateral point on the hkead of the
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5th metatarsal.
Akropodion - the most anterior point on the foot.

Pternion - the most posterior point on the heel of the foot when
the subject is standing.

Vertex - the most superior point on the skull, in the
midsagittal plane, when the head is held in the FPrankfort
- plane position.

Tragion - notch above tragus of ear or at upper margin of
zygoratic bone at that point.

Menton - chin, the most inferior border of the mandible in the
median plane.

Cervicale - the tip of the spinous process of the 7th cervical
vertebra.

Mesosternale - point in the centre of the body of the sternum at
the level of the articulation of the 4th rib.

Thelion - breast nipple.
Xiphion - the tip of the xiphoid process of the steranunm.

Gluteale - midgluteal arch in the midline of the sacrococcygeal
junction.

Axillary trunk girth - the girth of the trunk at the level of
the axillary fold.

Axillary arm girth - the girth of the arm at the level of the
axillary fold.

Triceps site - posterior aspect of the arm in the mid-line
halfway between the acromiale and radiale.

Triceps girth - the girth of the arm at the level of the triceps
site.

Biceps site - on the anterior aspect of the arm, in the mid-line
at the same level as the triceps site.

Minimum arm girth - the minimum girth of the arm at a variable
level usually 2 to 4 centimetres proximal to the humeral
epicondyles.

Elbow girth - the girth joining the two humeral epicondyles.

Maximum forearm girth - the maximum girth of the forearm at a
variable level usually 4 to 6 centimetres distal tn the
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humeral epicondyles.

Maximum forearm girth site - at the marked level of the maxinum
forearm girth on the anterior aspect of the forearm in the
mid-line.

Mid-forearm girth - the girth of the arm at a level midway
between the tip of the olecranon process and the stylion.

Mid-forearm site - at the marked level of the midforearm girth
on the anterior aspect of the forearm in the midliane.

Proximal styloid girth - the girth at the wrist proximal to the
styloid processes at the minimum circumference on the
forearn.

Bi-stylion girth - the girth at the wrist circumscribing the two
styloid processes.

Distal styloid girth - the girth at the wrist immediately distal
to the styloid processes.

Upper thigh girth - the girth of the thigh 2 centimetres distal
to the natal fold of the buttock.

Mid thigh girth - the girth of the thigh at the mid point
between the central point of the inguinal fold and the
mi dpatella.

Anterior thigh site - at the marked level of the mid-thigh qlrth
on the anterior aspect in the mid-line.

Medial thigh site - at the marked level of ‘the mid-thigh girth
on the nmedial aspect in the midline.

Posterior thigh site - at the marked level of the mid-thigh
girth on the posterior aspect in the mpidline.

Maximum calf girth - the maximum girth of the leg at a variable
level usually 10 to 15 cms. distal to the line of the knee
joint space.

fledial calf site - at the marked level of the maximum calf girth
on the medial aspect in the midline.

Mid calf girth -~ the girth of the leg at the level midway
betveen the tibiale laterale and the malleolare externus.

Minimum amkle girth - the minimum girth of the leg proximal to
the malleolare internus.
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APPENDIX 2 - ANTHROPOMETRIC INSTRUMENTS

Skinfold calipers.
Harpenden Caliper, British Indicators Limited,
Acrewood Way,
Hatfield Road,
St Albans, Herts.,
England,
Slimguide Caliper, Creative Health Products,

5148 Saddle Ridge Road,
Michigan, 48170, U.S.A.

Anthropometric Tape. Keuffel and Esser Whyteface
steel tape. {Numbher 860358).

Anthropometer. Siber-Hegner GPM anthropometer.
{Martin type).

Bone Caliper. ‘Adapted Mitutoyo.
Widespreading Caliper. Siber-Hegner widespreading caliper.
¥eighing Apparatus. Toledo Scale.

Sartorius V Digital Balance.

Mettler Precision Scale.
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APPENDIX 3 ~ ANTHROPOMETRY

SKINFOLDS

All skinfolds are defined as the caliper distance nmeasured
lcm distal to the skinfold which is raised at the stipulated

site in the stipulated direction.

Subscapular - an obligque fold immediately infero-lateral to the
inferior angle of the scapulas.

Triceps - a vertical fold at the marked triceps site.
Biceps - a vertical fold at the marked biceps site.

Maxipunm Forearm - a vertical fold at the marked maximum forearn
site.

Mid forearm - a vertical fold at the marked mid-forearnm site.

Hand {dorsum) - a vertical fold on the dorsum side of the hand
above the centre of the third metacarpal.

Anterior Thigh - a vertical fold at the marked anterior thigh
site.

Medial Thigh - a vertical fold at the marked medial thigh site.

Posterior Thigh - a vertical fold at the marked posterior thigh
site.

Supra-patellar - a vertical fold in the midline Scm proximal to
the patellar bone.

Medial calf - a vertical fold at the marked medial calf site.

Foot (dorsum) -~ a vertical fold on the dorsum of the foot above
the centre of the third metatarsal.
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Pectoral (thelion) - am obligue fold on the line between the
thelion and the anterior axillary fold 8cm below the
axillary fold. '

Chest {Xiphoidale) - a vertical fold in the midline on the
lateral aspect of the trunk at the level of the xiphoidale.

Iliac Crest - a slightly obligque fold at the mid-axillary line
3cms above the iliac crest site.

Supraspinale - an oblique fold, running downward medially, 7cms
above the marked supraspinale site on a line to the anterior
axillary fold.

Abdominal -~ a vertical fold 1cm lateral to the umbilicus on the
contralateral side to the other skinfold measures.

GIRTHS

Each girth is a perimeter measured at the stipulated marked
girth wherein the tape is drawn firmly to the skin without
indenting it and the measurement is made perpendicularly to the
long axis of the measured part.
Arm (Axilla) - at the marked axillary girth.
Triceps - at the marked triceps girth.

Proximal Epicondylar Humeruas - the girth circumscribing the two
himeral epicondyles.

Elbow - at the marked elbow girth.

Baximum forearm girth - at the marked maximum forearm girth.
Mid Forearms - at the marked.mid-forearé girth.

Proximal Styloid - at the marked proximal styloid girth.
Bi-styloid - at the marked bi-styloid girth.

Distal styloid - at the marked distal styloid girth.

Metacarpale - the girth of the hand encompassing the heads of
mnetacarpals 2 to 5.

Proximal Phalanx III - the girth at the midshaft of the proximal
phalanx of the third digit.

Upper thigh - at the marked upper thigh gircth.
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#id thigh - at the marked mid-thigh girth.

Supra-patellar - the girth impmediately proximal to the patella
with the knee extended.

Mid-patellar - the girth circumscribing the centre of the
patella anteriorly and the posterior knee crease
posteriorly.

Infra—patellar - the girth immediately distal to the patella
with the knee extended.

Maximum Calf - at the marked maximum calf girth.
Mid-Leg -~ at the marked mid calf girth.
Minimum Ankle - at the marked minimum ankle girth.

Bi-malleolare - the girth circumscribing the malleolares
internum and externum.

Arch - the girth at the highest point of the medial longitudimnal
arch.

Metatarsale -~ the girth of the foot circumscribing the heads of
metatarsales 1 to 5.

Proximal Phalanx I ~ the girth at the mid-shaft of the proximal
phalanx of the hallux.

Forehead - the qirth of the head immediately superior to the
browridges.

Hasion -~ the girth of the head at the level of the nasion.

Mandible - the girth 1cm above the mandibular protruberance at
the base of the pass alveolaris.

Saprathyroid - the girth of the neck immediately superior to the
thyroid cartilage.

Infrathyroid - the girth of the neck immediately inferior to the
thyroid cartilage.

DIRECT LENGTHS

Each length is the perpendicular distance between the two
marked sites stipulated. -

Acromiale-Radiale - the length of the arm
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Radiale~-Stylion - the length of the forearn
Stylion-Metacarpale III - the length of the wrist and palnm
Stylion-Dactylion ~ the length of the wrist and the hénd
Trochanterion-Tibiale - the length of the thigh
Tibiale-Malleolare Externus - the length of the leg
Malleolare-Ball of Heel - the length of the ankle
Akrbpodion-?ternion - the length of the foot

Vertex-Tragion - the length of the head superior to the external
auditory meatus.

Vertex-Mastoid - the length of the craniusm
Vertex-Menton - the length of the skull and jawbone
Inion-C7 - the length of the neck

C7-Coccyx - the length of the trunk

Total hanging length - the length of the entire body when
suspended.

Supine length - the length of the entire body wher supine.

BREADTHS

Each breadth is the horizontal distance between the
stipunlated sites.

Bi-epicondylar humerus - the arm breadth encompassing the two
humeral epicondyles.

Bi-styloid - the forearm breadth encompassing the styloid
processes of the radius and ulna.

Metacarpale - the hand breadth encompassing the heads of the 2nd
and 5th metacarpals.

Bi-epicondylar femur - the thigh breadth emcompassing the two
femoral epicondyles.

Bi-condylar tibia - the leg breadth encompassing the outer
aspects of the two tibial condyles.

Bi-ma lleolare - the ankle breadth encompassing the outer aspects
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of the two malleolare.

Heel (Sub-malleolare) - the foot breadth 3cms inferior to the
malleolare externun.

Metatarsale - the foot breadth encompassing the heads of the Ist
and 5th metatarsals.

Bi-tragion - the head breadth encompassing the tragi of the
ears.

Bi-zygomatic - the head breadth encompassing the most lateral
aspects of the zygomatic arches.

Bi-acromial - the shoulder breadth encompassing the two marked
acrosiale sites.

Mesosternale -~ the chest breadth at the level of the marked
mesosternale site.

Xiphoidale - the chest breadth at the level of the naked
xiphoidale site.

Bi~iliocristale - the hip breadth encompassing the marked
ilio-cristale sites.

Bi-trochanteric - the hip and thigh breadth encompassing the
marked trochanterion sites.

DEPTHS

Each depth was measured at the stipulated site at right
angles to the long axis of the body in a saggital plane.

Metacatrpale III - the hand depth at the head of the third
metacarpal.

Metatarsale III - the foot depth at the head of the third
metatarsal.

A-P Chest {[Mesosternale) - the chest depth at the marked
mesosternale site. '

A-P Chest (Xiphoidale} - the chest depth at the marked
xiphoidale site.

Buttock - the depth of the pelvis at the pubic symphysis.

Inion~glabella - the depth of the head.
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APPENDIX 4 —~ OSTEOBMETRIC MEASURES
The majority of these measures follow the methods of Martia
and Saller (1959).

Maximum humerus length - the distance between the proxi@al point
' of the caput humeri and the distal point of the capitulum
radialis humeri; anthropometer parallel to humerus shaft.

Mid humerus girth - the girth of the shaft of the humer?s at the
point corresponding to the mid-arm girth (as determined by
the reference distance from the lateral epicondyle).

Proximal epicondylar humerus girth - the girth of the shaft of
the humerus at the point corresponding to the minimum arm
girth {as determiped by the reference distance fron the
lateral epicondyle).

Bi-epicondylar humerus girth - the girth of the humerus
encorporating the two humeral epicondyles.

Bi-epicondylar humerus breadth- the greatest distance between
the epicondyles of the humerus.

Ulna length - The distance between the olecranon and the styloid
process. Ulna horizontal with olecranon downwards;
anthropometer parallel to shaft.

Maximunm forearm ulnar girth - the girth of the shaft of the ulna
at the point corresponding to the maximum forearm girth {as
determined by the reference distance from the tip of the
olecranon process).

Mid ulnar girth - the girth of the shaft of the ulna at the
point corresponding to the mid-forearm girth (as determined
by the reference distance from the tip of the olecranon
pProcess).

Radius length - the distance between the most proximal part of
the head of the radius and the most distal part of the
styloid proocess of the radius. Radius horizontal;
anthropometer parallel to shaft.

Maximum forearm radial girth - the girth of the shaft of the
radius at the point corresponding to the maximum-forearn
girth {as determined by the reference distance from the tip
of the olecranon process,site marked when radius and ulna
are in juxtaposition).

Mid radial girth - the girth of the shaft of the radius at Fhe
point corresponding to the mid-forearm girth (as determined
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by the reference distance from the tip of the olecranon
process, site marked when radius and ulna are in
juxtaposition).

Maximum femur length - the greatest distance between the
proximal point of the caput femoris and the most distal
point of either the condylus medialis or lateralis. Femur
horizontal, the facies patellae upwards and the caput
femoris away from the measurer; anthropometer parallel to
the shaft.

Trochanterion-condyle length - the distance between the proximal
edge of the trochanter majus and the distal point of the
condylus lateralis. Femur horizontal, the facies patellae
upwards and the caput femoris away from the measurer;
anthropometer parallel to the shaft.

Upper thigh femur girth - the girth of the shaft of the femur at
the point corresponding to the upper thigh girth (as
determined by the reference distance f£rom the medial femoral
epicondyle).

Mid thigh femur girth - the girth of the shaft of the femur at
the point corresponding to the mid thigh girth {as
determined by the reference distance from the medial femoral
epicondyle).

Bi-epicondylar femur girth - the girth of the femur
incorporating the two femoral epicondyles.

Bi-epicondylar femur breadth - the greatest distance between the
epicondyles of the femur.

Maximum tibia length - the distance between the most proximal
point of the tibial intercondylar eminence and the most
distal point of the sphyrion tlbzale, anthropometer parallel
to the tibial shaft.

Tibiale mediale~-malleolare internus length - the distance
between the proximal medial point of the medial tibial
condyle and the most medial point of the tibial malleolus.

Maximum calf tibial girth - the girth of the shaft of the tibia
at the point corresponding to the maximum calf girth {(as
determined by the reference distance from the tibiale
laterale).

Mid calf tibial girth - the girth of the shaft of the tibia at
the point corresponding to the mid calf girth (as determined
by the reference distance from the tibiale laterale).

Maximum fibula length - the distance between the most proximal
point on the apex of the fibula and the most distal point on
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the sphyrion fibulare, anthropometer parallel to the fibular
shaft.

Head of fibula - malleolare externus length - the distance fron
the most lateral point on the head of the fibula to the most
lateral point of the fibular malleolus.

Maximum calf fibular girth - the girth of the shaft of the
fibula at the point corresponding to the maximum calf girth
{as determined by the reference distance from the tibiale
laterale). '

Mid calf fibular girth - the girth of the shaft of the fibula at

the point correspording to the mid calf girth (as determined
by the reference distance from the tibiale laterale).
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APPENDIX 5 — RAW DATA FOR SUBJECTS 1 TO 6

SUBNUM ,SUBJECT NUMBER/
SEX,SEX/

DOB,DATE OF BIRTH/

DODEM,DATE OF DEMISE/
AGEATDEM,AGE AT DEMNISE/
DOANTHR,DATE OF ANTHROPOMETRY/
DODI5S,DATE OF DISSECTION/

SFHSUBL,SKINFOLD HARPEXNDON SUBSCAPULAR LEFT/
SFHTRL,SKINFOLD HARPENDON TRICEPS LEFT/
SFHBIL,SKINFOLD HARPENDON BICEPS LEFT/
SFHMXFL,SKINFOLD HARPENDON MAXIMUM FOBEARN LEFT/
SFPHADFL,SKINFOLD HARPENDGN MID-FOREARN LEFT/
SFHHL, SKINFOLD HARPENDON HAND LEFT/
SFHANTTL,SKINFOLD HARPENDON ANTEEIOR THIGH LEFT/
SFHHEDTL,SKINFOLD HARPENDON MEDIAL THIGH LEFT/
SFHPOSTL,SKINFOLD HARPENDON POSTERIOR THIGH LEFI/
SFHSUPPL,SKINFOLD HARPENDON SUPRA-PATELLAR LEFT/
SFHMEDCL,SKINFOLD HARPENDON HEDIAL CALF LEFT/
SFHFL,SKINFOLD HARPENDON FOOT LEFI/

SFHSUBR,SKINFOLD HARPENDON SUBSCAPULAR RIGHT/
SFHTRRBR,SKINFOLD HARPENDON TRICEPS RIGHT/

SFHBIR ,SKINFOLD HARPENDON BICEPS RIGHT/
SFAMXFR,SKINFOLD HARPENDON MAXIMUM FOREARM RIGHT/
SFHMDF R,SKINFOLD HARPENDON HID-FOREARM RIGHT/
SFHHR, SKINFOLD HARPERDON HAND RIGHT/
SFHANTTR,SKINFOLD HARPENDON ANTERIOR THIGH RIGHT/
SFHHEDTR,SKINFOLD HARPENDON MEDIAL THIGH RIGHT/
SFHPOSTRE,SKINFOLD HARPENDOE POSTERIOR THIGH RIGHT/
SFHSUPPR,SKINFOLD HARPENDON SUPRA-PATELLAR RIGHT/
SFHBEDCR,SKINFOLD HARPENDON MEDIAL CALF RIGHT/
SFHFR, SKINFOLD HARPENDON FOOT RIGHT/

SFSSOBL,SKINFOLD SLINGUIDE SUBSCAPULAR LEFT/
SFSTRL,SKINFOLD SLIMGUIDE TRICEPS LEFT/

SFSBIL ,SKINFOLD SLIMGUIDE BICEPS LEFT/
SFSMXFL,SKINFOLD SLIMGUIDE MAXTIMUM FOREARH LEFT/
SFSHDFL,SKINFOLD SLIMGUIDE MID-FOREARHM LEPT/
SFSANTTL,SKINFOLD SLIMGUIDE ANTERIOR THIGH LEFT/
SFSMEDTL,SKINFOLD SLIAGUIDE MEDIAL THIGH LEFT/
SFSPOSTL,SKINFOLD SLIMGUIDE POSTERIOR THIGH LEFT/
SFSSUPPL,SKINFOLD SLIMGUIDE SUPRA-PATELLAR LEFT/
SPSMEDCL,SKINFOLD SLIMGUIDE MEDIAL CALF LEFT/
SFS5FL, SKINFOLD SLIMGUIDE FOOT LEFT/
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SFSHL, SKINFOLD SLIMGUIDE HAND LEFT/

SFSSUBR,SKINFOLD SLINGUIDE SUBSCAPULAR RIGHT/
SFSIRR,SKINFOLD SLIMGUIDE TRICEPS RIGHT/
SFSBIR,SKINFOLD SLIMGUIDE BICEPS RIGHT/
SFSHXFR,SKINFOLD SLIMGUIDE MAXIMUM FOREARM RIGHT/
SFSMDFR,SKINFOLD SLIMGUIDE MID-FOREARM RIGHT/
SFSANTTR,SKINFOLD SLIMGUIDE ANTERIOR THIGH RIGHT/
SFSMEDTR, SKINFOLD SLINGUIDE MEDIAL THIGH RIGHT/ :
SFSPOSTR,SKINFOLD SLIMGUIDE POSTERIOR THIGH RIGHT/
SFSSUPPR,SKINFOLD SLIMGUIDE SUPRA~PATELLAR RIGHT/
SFSHEDCR,SKINFOLD SLIMGUIDE MEDIAL CALF RIGHT/
SFSFR, SKINFOLD SLIMGUIDE FOOT RIGHT/

SFSHR, SKINFOLD SLIMGUIDE HAND RIGHT/

GAXARML,GIRTH AXILLARY ARM LEFT/
GTRL,GIRTH TRICEPS LEFT/

GELL,GIRTH ELBOW LEFT/

GMYXFL,GIRTH HAXIMUM FOREARM LEFT/
GMDTL, GIRTH HAID-FOREARM LEFT/
GPRSTYL,GIRTH PROXIMAL STYLOID LEFT/
GBISTYL,GIRTH BI-STYLOID LEFT/
GDISTYL,GIBRTH DISTAL STYLOID LEFT/
GMETACL,GIRTH METACARPAL LEFT/
GPHAL3L,GIRTH PHALANX THREE LEFT/
GUPTHL,GIRTH UPPER THIGH LEFT/
GMDTHL ,GIRTH MID~-THIGH LEFI/
GSUPPATL,GIRTH SUPRA-PATELLAR LEFT/
GMDPATL,GIRTH HMID-PATELLAR LEFT/
GINPPATL,GIRTH INFRA-PATELLAR LEFT/
GHMXCAL ,GIRTH MAXIZUM CALF LEFT/
GMNANKL,GIRTH MINIMUM ANKLE LEFT/
GBIHALL,GIRTH BI-MALLEOLAR LEFT/
GMETATL,GIRTH METATARSAL LEFT/
GPHAL1L,GIRTH HALLUX LEFT/
GARCL,GIRTH ARCH LEFT/

GMDLEGL, GIRTH MID-CALF LEFT/
GMNARNML,GIRTH MINIMNUM ARM LEFT/

GAXARMR,GIRTH AXILLARY ARM RIGHT/
GTRR, GIRTH TRICEPS RIGHT/

GELR,GIRTH ELBOW RIGHT/

GMXFR,GIRTH MAXIMUM FOREARA RIGHT/
GMDFR, GIRTH MID-FOREARM RIGHT/
GPRSTYR,GIRTH PROXIMAL STYLOID RIGHT/
GBISTYR,GIRTH BI-STYLOID RIGHT/
GDISTYR,GIRTH DISTAL STYLOID RIGHT/
GMETACR,GIRTH METACARPAL RIGHT/
GPHAL3R,GIRTH PHALANX THREE RIGHT/
GUPTHR,GIRTH UPPER THIGH RIGHT/
GMDTHE,GIRTH MID-THIGH RIGHT/
GSUPPATR,GIRTH SUPRA-PATELLAR RIGHT/
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GMDPATR,GIRTH MID-PATELLAR RIGHT/
GINFPATR,GIRTH INFRA-PATELLAR RIGHT/
GMXCAR,GIRTH MAXIMOUOM CALF¥ BIGHTI/
GHMEANKR,GIRTH MINIMUHM ANKLE RIGHT/
GBIMALR,GIRTH BI-MALLEOLAR RIGHT/
GMETATR,GIRTH METATARSAL RIGHT/
GPHAL1R,GIRTH HALLUX RIGHT/
GARCR,GIRTH ARCH RIGHT/
GMDLEGR,GIRTH MID-CALF RIGHT/
GMNARMR,GIRTH MINIMOM ANKLE RIGHT/

LACRADL,LENGTH ACROMIALE~-RADIALE LEFT/
LRADSTYL,LENGTH BADIALE-STYLION LEFT/
LSTYHMETL,LENGTH STYLION-METACARPALE LEFT/
LSTYDACL,LENGTH STYLION-DACTYLION LEFT/
LTROTIBL,LENGTH TROCHANTERION-TIBIALE LEFT/
LTIBHALL ,LENGTH TIBIALE-MALLEOLARE LEFT/
LMALBALL,LENGTH MALLEOLARE-BALL OF HEEL LEFT/
LAKPTFL,LENGTH AKROPODION-PTERNION LEFT/

LACRADR,LENGTH ACRONIALE-RADIALE RIGHT/
LRADSTYR,LENGTH RADIALE-STYLION RIGHT/
LSTYMETR,LENGTH STYLION-METACABPALE RIGHT/
LSTYDACRB,LENGTH STYLION-DACTYLION RIGHT/
LTROTIBR,LENGTH TROCHANTERION~TIBIALE RIGHT/
LTIBMALR, LENGTH TIBIALE-MALLEOLARE RIGHT/
LMALBALR, LENGTH MALLEGCLARE-BALL OF HEEL RIGHT/
LAKPTER,LENGTH AKROPODION-PTERNION RIGHT/

BEPIHUL,BREADTH EPI~-CONDYLAR HUMERUS LEFT/
BBISTYL,BREADTH BI-STYLOID LEFT/
BEPIFEL,BREADTH EPI-CONDYLAR FEMUR LEFT/
BCONTIL,BREADTH CONDYLAR TIBIA LEFT/
BBIMALL,BREADTH BI~-MALLEOLAR LEFT/

BHEELL ,BREADTH HEEL LEFT/

BHETATL,BREADTH METATARSAL LEFT/
BMETACL,BREADTH METACARPAL LEFI/

BEPIHUR, BREADTH EPI-CONDYLABR HUMERUS RIGHT/
BBISTYR,BREADTH BI-STYLOID RIGHT/
BEPIFER,BREADTH EPI-CONDYLAR FEMUR RIGHT/
BCONTIR,BREADTH CONDYLAR TIBIA RIGHT/
BBIMALR,BREADTH BI-MALLEOLAR RIGHT/
BHEELR,BREADTH HBEL RIGHT/

BN ETATR,BREADTH METATARSAL RIGHT/
BMETACR,BREADTH METACARPAL RIGHT/

DMETACL,DEPTH METACARPAL LEFT/
DMETATL,DEPTH METATARSAL LEFT/
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DHETACR, DEPTH
DMETATR, DEPTH

TSFHAXL,TRONK
TSFHXIL,TRUNK
TSFRICL,TRUNK
TSFHSS L, TRUNK
TSFHABL, TRUNK

TSFHAXR,TRUNK
TSFHXIR,TRUNK
TSFHICR, TRUNK
TSFHSSR, TRUNK
TSFHABR, TRURK

TSFSAXL,TRUBK
TSFSXIL,TRUNK

TSFSICL,TRUNK

TSFSS5L,TEUNK
TSFSABL, TRUNK

METACARPAL RIGHT/
METATARSAL RIGHT/

SKINFOLD
SKINFOLD
SKINFOLD
SKINFOLD

"SKINFOLD

SKINFOLD
SKINFGLD
SKINFGLD
SKINFOLD
SKIKFOLD

SKINFOLD
SKINFOLD
SKINFOLD
S5KINFOLD
SKINFOLD

HARPENDOR
HARPENDON
HARPENDCHN
HARPENDON

HARPENDCHN

HARPENDON
HARPENDON
HARPENDON
HARPENDON
HARPENDON

SLINGUIDE
SLIMGUIDE
SLINGUIDE
SLINGUIDE
SLINGUIDE

TGAX, TRUNK GIRTH AXILLA/
TGMESOST,TRUNK GIRTH MESOSTERNALE/
TGTHBF,TRUNK GIRTH THELION OR BREASTFOLD/
TGXIPH,TRUNK GIRTH XIPHOIDALE/
TGWAI, TRUNK GIRTH WAIST/
TGHIP,TRUNK GIRTH HIP/

CAXILLA LEFT/

XIPHOID LEFT/

ILIAC CREST LEFT/
SUPRA-SPINALE LEFT/
ABDOMINAL LEFIT/

AXILLA RIGHT/
XIPHOID RIGHT/
ILTAC CREST RIGHT/
SUPRA-SPINALE RIGHT/
ABDOMINAL RIGHT/

AXILLA LEFT/
XIPHOID LEFT/
ILIAC CREST LEFT/
SUP.SPINALE LEFT/
ABDOMINAL LEFT/

TLC7CO,TRUNK LENGTH CERVICALE-COCCYX/

TBBIAC,TRUNK BREADTH BI-ACROMIAL/

TBHESOST,TRUNK BREADTH MESCSTEERNALE/
TBXIPH,TRUNK BREADTH XIPHOIDALE/
TBBIILCR,TRUKK BREADTH BI-ILIOCRISTAL/
TBBITROC,TRUNK BREADTH BI-TROCHANTERIC/

LTOTHANG, LENGTH TOTAL HANGING SUSPENDED/

DAPCHMES,DEPTH ANT.-POST,.
DAPCHXI,DEPTH ANT.-POST.

DBUTT, DEPTH BUTTOCK/

HGFHD, HEAD GIRTH FOREHEAD/
HGNAS, HEAD GIRTH NASION/
HGMAND,HEAD GIRTH #ANDIBLE/
NGSUPTHY, NECK GIRTH SUPRA-THYROID/
NGINFTHY,NECK GIRTH INFRA-THYROID/
HLVERTRA,HEAD LENGTH VERTEX-TRAGION
HLVERMEN,HEAD LENGTH VERTEX-MENTON/
HLVERMAS,HEAD LENGTH VERTEX-MASTOID PROCESS/
HBBITRA,HEAD BREADTH BI-TRAGION/

HBBIZY,HEAD BREADTH BI-ZYGOMATIC/
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HDINGLAB, HEAD DEPTH INION~-GLABELLA/
HLINC7 ,HEAD LENGTH INION-CERVICALE/

LTOTSUS,LENGTH TOTAL HANGING SUSPENDED/
LTOTSU P, LENGTH TOTAL SUPINE/

"g-¥" WILL BE USED TO INDICATE
"ONDER WATER"Y.

WATBBWW,WEIGHT TOTAL BODY BEFORE U-W WEIGHING/
WATBAWW,WEIGHT TOTAL BODY AFTER U-¥ WEIGHING/

RWALUNH20,WEIGHT

OF WATER IN LUNGS/

WWCADCF,U-W WEIGHT CADAVER CROSS AND FRAME/

WWCF,U-W WEIGHT

CROSS AND FRANE/

WWCAD, U-¥ WEIGHT CADAVER/
WATBBDI,WEIGHT TOTAL BODY BEFORE DISSECTION/

WABATOTL, WEIGHT
WW¥BATOTL,WEIGHT
WAVATOTL ,WEIGHT
WHVATOTL,WEIGHT
WAHATOTL,WEIGHT
WWHATOTL,®WEIGHT

IN AIR TOTAL ARHM LEFT/

O-W TOTAL ABM LEFT/

I8 AIR TOTAL FOREARM LEFT/
g-¥ TOTAL FGREARM LEFT/

IN AIR TOTAL HAND LEFT/
U-% TOTAL HAND LEFI/

HADTOTL,WEIGHT
WWDITOTL,WEIGHT
WAKTOTL,WEIGHT
WW KTOTL,WEIGHT
WAVTOTL,HEIGHT
WWVIOTL,WEIGHT

IN AIR TOTAL THIGH LEFIT/
U~-W TOTAL THIGH LEFT/

IN AIR TOTAL LEG LEFT/
U~-® TOTAL LEG LEFT/

IN ATR TOTAL FOOT LEFT/
O-¥ TOTAL FOOT LEFPT/

WABATOTR,WEIGHTY
§¥WBATOTRE,¥EIGHT
WAVATOTR, REIGHT
WHVATOTR,HEIGHT
WAHATOTR,¥WEIGHT
WWHATOTR,®EIGHT

IN AIR TOTAL ARM RIGHT/

U-% TOTAL ARM RIGHT/

IN AIR TOTAL FOREARM RIGHT/
U-#% TOTAL FOREARM RIGHT/

IN AIR TOTAL HAND RIGHT/
U-¥%W TOTAL HAND RIGHT/

WADTOTR, WEIGHT
WWDTOT B, HEIGHT
WAKTOTR,WEIGHT
WRKTOTR, WEIGHT
WAVTOTR, WEIGHT
WHYTOTR, WEIGHT

IN AIR TOTAL THIGH RIGHT/
U-4 TOTAL THIGH RIGHT/

IN ATR TOTAL LEG RIGHT/
U-W TOTAL LEG RIGHT/

IN AIR TOTAL FOOT RIGHT/
U-¥ TOTAL FGOT RIGHT/

WAHEAD,WEIGHT IN AIR HEAD/

WWHEAD ,WEIGHT U-%W HEAD/

WATR,WEIGHT IN AIR TRUNK/

WWTRECEF,WEIGHT U~W TRUNK & CROSS & FRAME/
RUCELF, REIGHT U-W CROSS & FRAME/
WRTR,WEIGHT U-¥ TRUONK/

WAFLBUPS,WEIGHT FLUID & BUCKET POST SEGHMENTATION/

WABUPS,WEIGHT BUCKET POST SEGMENTATION/
WAFLPS5,WEIGHT FLUID POST SEGHMENTATION/
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LBGBAAXL,LEAN
LBGBATRL,LEAN
LBGBAEPL,LEAN
LBBBAEPL,LEAN
LBGBAPRL, LEAN

LBGBAAXR,LEAN
LBGBATRR, LEAN
LBGBAEPR, LEAN
LOBBAEPR, LEAX
LBGBAPRR,LEAY

LBGVANXL,LEAN
LBGVAMDL,LEAN
LBGVAPRL,LEAN
LBGVABIL,LEAN
LBBVABIL,LEAN

LBGVAMXR,LEAN
LBGVAMDR,LEAN
LBGVAPRR,LEAN
LBGVABIR,LEAN
LBBVABIR,LEAN

LBGHMETL,LEAN
LBGHPH3L,LEAN
LBBHMETL,LEAN
LBDHMETL, LE AN

LBGHMETRE, LEAN
LBGHPH3R,LEAN
LBBHMETR, LEAN
LBDHMETR, LEAN

BODY
BODY
BODY
BODY
BODY

BODY
BGDY
BODY
BODY
BODY

BODY
BODY
BODY
BODY
BODY

BODY
BODY
BODY
BODY
BODY

BODY
BODY
BODY
BODY

BODY
BODY
BODY
BODY

GIRTH ARM AXILLA LEFT/

GIRTH ARM TRICEPS LEFT/

GIRTH ARM EPICOND. LEPT/
BREADTH ARM EPICOND. LEFT/
GIRTH ABM PROX.EPICOND. LEFT/

GIRTH ARM AXILLA RIGHT/

GIRTH ARM TRICEPS RIGHT/

GIRTH ARM EPICOND. RIGHT/
BREADTH ARM EPICOND. BIGHT/
GIRTH ARM PROX.EPICOND. RIGHT/

GIRTH
GIRTH

FOREARH MAXINUYM LEFT/
FPOREARM HIDDLE LEFT/
GIRTH FOREARM PROX.STYL. LEFT/
GIRTH FOREARM BI-STYLION LEFT/
BREADTH BI-STYLICN LEPT/

GIRTH FOREARM HAXINUNM RIGHT/
GIRTH FOREARM MIDDLE RIGHT/
GIRTH FOREARM PROX.STYL. RIGHT/
GIRTH FOREARM BI-STYLION RIGHT/
BREADTH BI-STYLION RIGHT/

GIRTH HAND HMETACARPAL LEFT/
GIRTH HAND PHALANX 3 LEFPFT/
BREADTH HAND METACARPAL LEFI/
DEPTH HAND METACARPAL LEFT/

GIRTH HAND METACARPAL RIGHT/
GIRTH HAND PHALANX 3 RIGHT/
BREADTH HAND METACARPAL RIGHT/
DEPTH HAND METACARPAL RIGHT/

LBGDUPL,LEAN BODY GIRTH THIGH UPPER LEFT/
LBGDMDL,LEAN BODY GIRTH THIGH MIDDLE LEFT/
LBGDSUPL,LEAN BODY GIRTH THIGH SUP.-PATELLAR LEFT/

LBGDEPIL,LEAN BODY GIRTH THIGH EPICOKD.

LEFT/

LBBDEPIL,LEAN BODY BREADTH THIGH EPICOND.LEFT/

LBGDUPR,LEAN BODY GIRTH THIGH UPPER RIGHT/
LBGDMDR,LEAN BODY GIRTH THIGH MIDDLE RIGHT/
LBGDSUPR,LEAN BODY GIRTH THIGH SUP.-~PATELLAR RIGHT/

LBGDEPIR,LEAN BODY GIRTH THIGH EPICOND.

RIGHT/

LBBDEPIR,LEAN BODY BREADTH THIGH EPICOND. RIGHT/

LBGKIPL,LEAN BODY GIRTH LEG INF.-PATELLAR LEFT/
LBGKMXL,LEAN BODY GIRTH LEG MAXINUM LEFT/
LBGKMDL,LEAN BODY GIRTH LEG HIDDLE LEFT/
LBGKMNL,LEAR BODY GIRTH LEG MININUDE LEFT/

LBBKCONL,LEAN BODY BREADTH LEG BI-COND.

LEFT/

LBBXKMALL,LEAN BODY BREADTH LEG BI-MALL. LEFT/
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LBGKIPR,LEAN BODY GIRTH LEG
LBGRKMXR,LEAN BODY GIRTH LEG
LBGKMDR,LEAN BODY GIRTH LEG
LBGKMNR, LEAN BODY GIRTH LEG

INF.~-PATELLAR RIGHT/
MAXIHNUM RIGHT/
MIDDLE RIGHT/
MININUN RIGHT/

LBBXCOKR, LEAN
LBBXMALR,LEAN

LBGVMETL,LEAN
LBGVHALL, LEAN
LBGVARCL, LEAN
LBBVAETL,LEAN
LBDV¥HETL, LEAN

LBGVMETR, LEAN
LBGVHALR,LEAN
LBGVARCR, LEAN
LBBYMETR,LEAN
LBDVMETR,LEAN

BODY
BODY

‘BODY

BODY
BODY
BODY
BODY

BODY
BODY
BODY
BODY
BODY

WWGAGWT,WEIGHT U-W

WABASL ,WEIGHT
W¥BASL ,¥EIGHT
WABAFL,WEIGHT
WWBAFL ,HEIGHT
WABAHL ,WEIGHT
WWBAML ,REIGHT
WABABL,WEIGHT
WWBABL ,¥#EIGHT

¥ABASR ,WEIGHT
WWBASR,NEIGHT
WABAFR,¥EIGHT
WHBAFR ,¥NEIGHT
WABANR,WEIGHT
WWBAMR,WEIGHT
WABABR,WEIGHT
WWBABR ,¥EIGHT

WAVASL,WEIGHT
WWVASL ,WNEIGHT
WAVAFL ,WEIGHY
WWNVAFL ,NEIGHT
WAVAML,WEIGHT
WWYANL,FEIGHT

IN

BREADTH LEG BI-COND. RIGHT/
BREADTH LEG BI-MALL. RIGHT/

GIRTH FGOOT METATARSAL LEFI/
GIRTH FOOT HALLUX LEFT/

GIRTH FOOT ARCH LEFT/

BREADTH FOOT METATARSAL LEFT/
DEPTH FOOT METATARSAL 3 LEFT/

GIRTH FOOT METATARSAL RIGHT/
GIRTH FOOT HALLUX RIGHT/

GIBRTH FOOT ARCH RIGHT/

BREADTH FOOT METATARSAL RIGHT/
DEPTH FOOT METATARSAL 3 RIGHT/

GAUZE AND BRASS ¥EIGHT/

AIR ARM SKIN LEFT/

U~-¥ ARM SKIN LEFT/

IN AIR ARM FAT LEFT/
U-¥% ARM FAT LEFT/

IN AIR ARA MUSCLE LEFT/
U-¥ ARHM RUSCLE LEFT/

IN ATIR ARM BONE LEFT/
U-W ARM BONE LEFT/

IN AIR ARM SKIN RIGHT/
0-% ARM SKIN RIGHT/

IN ATIR ABM FAT RIGHT/
U-¥ ARM PFAT RIGHT/

IN AIR ARM MUSCLE RIGHT/
U-W AR¥ MUSCLE RIGHT/

IN ATR ARM BONE RIGHT/
U~-W ARM BONE RIGHT/

IN AIR POREARM SKIN LEFT/

U~-4 FOGREARM SKIN LEFI/

IN AIR FOREARE FAT LEFT/

U-W FOREARM FAT LEFT/

IN AIR FOREARM MUSCLE LEFT/

U~% FOREARNM MUSCLE LEFT/
WAVABRL,WEIGHT IN AIR FOREARM BONE RADIUS LEFT/
WWVABRL,WEIGHT U~-W FOREARH BONE RADIUS LEPT/
WAVABUL,WEIGHT IN AIR FOREARM BONE ULNA LEFT/
WWVABUL,¥EIGHT U~W FOREARM BONE ULNA LEFT/

WAVASR ,NEIGHT IN AIR FOREARM SKIN RIGHT/
WWVASR,REIGHT U~W FOREARM SKIN RIGHT/

201



WAVAFR,WEIGHT IN AIR FOREARYM FAT RIGHT/

WWVAFR ,WEIGHT U-W FOREARM F¥AT RIGHT/
WAVAMR,WEIGHT IN AIR FOREARH MUSCLE RIGHT/
WWVAMR,¥EIGHT U~W FOREARM MUSCLE RIGHT/
WAVABRR,WEIGHT IN AIR FOREARM BONE RADIUS RIGHT/
WWVABRR,WEIGHT U~¥ FOREARM BONE RADIUS RIGHT/
W¥AVABUR,WEIGHT IN AIR FOREARM BONE ULNA RIGHT/
WWVYABUR,WEIGHT U-W FOREARM BONE ULNA RIGHT/

WAHSL, WEIGHT
WWHSL, WEIGHT
WAHFL, WEIGHT
WWHFL, WEIGHT
WAHML, WEIGHT
WWHML, WEIGHT
WAHBL, WEIGHT
AWHBL, WEIGHT

WAHSR, WEIGHT
WWHSR, WEIGHT
WAHFR, WEIGHT
WWHFR, WEIGHT
WAHHR, WEIGHT
WWHNR, WEIGHT
WAHBR, WEIGHT
WHHBR, WEIGHT

WADSL, REIGHT
WADSL, WEIGHT
WADFL, WEIGHT
WWDFL, WEIGHT
WADML, EIGHT
WA DML, 4EIGHT

g

IN AIR HAND SKIN LEFT/
U-W HAND SXIN LEFI/

IN AIR HAND FAT LEFT/
U~-W HAND FAT LEFT/

IN AIR HAND MOUSCLE LEFT/
U-% HAND HMUSCLE LEFT/

IN AIR HABD BONE LEFI/
U-¥ HAND BONE LEFT/

IN AIR HAND SKIN RIGHT/
U-W HAND SKIN RIGHT/

IN AIR HAND FAT RIGHIT/
U-W HAND FAT RIGHT/

IN ATR HARD MUSCLE RIGHT/
U-W HAND MUSCLE RIGHT/

IN AIR HAND BONE RIGHT/
U~-W HAND BONE RIGHT/

IN AIR THIGH SKIN LEFT/
U-W THIGH SKIN LEFT/

IN AIR THIGH FAT LEPT/
U-# THIGH FAT LEFT/

IN AIR THIGH HUSCLE LEFI/
U-W THIGH HUSCLE LEFI/

WADBFL ,WEIGHT I¥ AIR THIGH BORE FENUR LEFT/
WY DBFL ,¥EIGHT U-% THIGH BONE FENUR LEFT/
WADBPL,WEIGHT IN AIR THIGH BONE PATELLA LEFT/
WWDBPL,NEIGHT U~-W THIGH BONE PATELLA LEFT/

WADSR, WEIGHT
WWDSR, WEIGHT
WADFR, HEIGHT
WWDFR, WEIGHT
WADMR, WEIGHT
WWDMR, WEIGHT

IN AIR THIGH SKIN BIGHT/
0-% THIGH SKIN RIGHT/

IN AIR THIGH FAT RIGHT/
U-¥ THIGH FAT RIGHT/

IN AIR THIGH MUSCLE RIGHT/
U-W THIGH MUSCLE RIGHT/

WADBFR,WEIGHT IN AIR THIGH BONE FEMUR RIGHT/
WWDBFR ,HEIGHT U-W THIGH BONE FENDR RIGHT/
WADBPR,¥EIGHT IN AIR THIGH BONE PATELLAR RIGHT/
WWDBPR,WEIGHT U-W THIGH BONE PATELLA RIGHT/

WAKSL, WEIGHT I¥ AIR LEG SKIN LEFT/
WHKSL, ¥EIGHT U-¥ LEG SKIKE LEFT/
WAKFL, WEIGHT IN AIR LEG FAT LEFT/
WWKPL,WEIGHT U~¥ LEG FAT LEPT/
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WAKML, WEIGHT
WWKML, WEIGHT

IN AIR LEG MUSCLE LEPYT/
U-¥ LEG MUSCLE LEFT/

WAKBTL,WEIGHT IN AIR LEG BONE TIBIA LEFT/
WAKBTL,WEIGHT U-¥ LEG BONE TIBIA LE¥T/
" WAKBFL ,WEIGHT IN AIR LEG BONE FIBULA LEFT/
WWKBFL ,WEIGHT U-¥ LEG BONE FIBULA LEFT/

#AKSR, WEIGHT
WWESR, WEIGHT
WAKFRFHEIGHT
WWEKFR, WEIGHT
WAKMR, WNEIGHT
WWEKMR, WEIGHT

IR AIR LEG SKIN RIGHT/
U-¥ LEG SKIN RIGHT/

IN AIR LEG FAT RIGHT/
U-% LEG FAT RIGHT/

IN ATIR LEG MUSCLE RIGHT/
U-W LEG MUSCLE RIGHT/

W¥AKBTR,WEIGHT IN AIR LEG BONE TIBIA RIGHT/
WWEBTR,WEIGHT U~W LEG BONE TIBIA RIGHT/
WAKBFR,WEIGHT IN ATR LEG BONE FIBULA RIGHT/
WWKBFR ,WEIGHT U-W LEG BONE ¥IBULA RIGHT/

WAVSL, HEIGHT
WWVSL, REIGHT
WAVPL,WEIGHT
WHVFL, WEIGHT
WAVHL, WEIGHT
WHR VML, WEIGHT

WAVBL, WEIGHT.

WWVBL, WEIGHT

WAVSR, WEIGHT
WWVSR, WEIGHT
WAVPR, WEIGHT
WWYPR, WEIGHT
WAVMR, NEIGHT
HW VMR, WEIGHT
WAVBR, WEIGHT
WWVBE, WEIGHT

IN AIR FOOT S5KIN LEFT/
g-W FOOT SKIN LEFT/

IN AIR FOOT FAT LEFT/
U-¥ FOOT PAT LEFT/

IN AR FOOT MUSCLE LEFT/
U-®¥ FOOT HMUSCLE LEFT/

IN AIR FOOT BONE LEFT/
J~-W FOOT BONE LEFT/

IN ATIR FOOT SXIN RIGHT/
U—-® FOOT SKIN RIGHT/

IN AIR FOOT FAT RIGHT/
U-# FOOT FAT RIGHT/

I¥ AIR FOOT MUSCLE RIGHT/
g-d4 FOOT MUSCLE RIGHT/

IN AIR FOOT BONE RIGHT/
O~-#W FOOT BONE RIGHT/

WAFTLBUPF,WEIGHT FLUID & BUCKET POST FRACTIONATION/

WABUP ¥F,WEIGHT BUCKET

POST FRACTIONATION/

WAFLPF,WEIGHT FLUID POST FRACTIONATION

OGVASTYL,O0STEO GIRTH FOREARN STYLION LEFT/
OGVAMXL,0STEO GIRTH FOREARHM MAXINMUM LEFT/
OGVANDL,OSTEO GIRTH FOREARM MIDDLE LEFT/
OGVAMNL, OSTEC GIRTH FOREARHM MININUX LEFT/
OBYASTYL,OSTEQO BREADTH FOREARM STYLION LEFT/

OGYASTYR,0STEO GIRTH FOREARM STYLION RIGHT/
OGVAMXR,OSTEO GIRTH FOREARH MAXINUM RIGHT/
OGVAMDR,OSTEOC GIRTH FOREARHM MIDDLE RIGHT/
OGVAMNR,OSTEC GIRTH FOREARM MININMUM RIGHT/

OBYASTYR,OSTEO BREADTH FOREARM STYLION RIGHT/

OGKMNL ,O0STEO GIRTH LEG MINIMUM LEFT/
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OGKMXL,O0STEO GIRTH LEG MAXIMNOM LEFT/

OGKMDL ,0STEO GIRTH LEG HMIDDLE LEFT/

0OG KMALL,OSTEC GIRTH LEG MALLEOLAR LEFT/
OBKMALL,OSTEO BREADTH LEG MALLECLAR LEFT/
OLKTIENL,OSTEO LENGTH LEG TIBIALE-EXT.MALL. LEFT/

OGKHNR,OSTEO GIRTE. LEG MININMNUM RIGHT/
OGKHMXR,0STEO GIRTH LEG HMAXIHUM RIGHT/

OGKMDR,0STEO GIRTH LEG MIDDLE RIGHT/

OGKMALR,O0STE0 GIRTH LEG MALLEOLAR RIGHTI/
OBKMALR,OSTEC BREADTH LEG MALLEOLAR RIGHT/
OLKTIEMR,O0STE0C LENGTH LEG TIBIALE-EXT.MALL. RIGHT/

RLAXMEHL,REFERENCE LENGTH AX~-MED.EPIHUM LT/
RLTRLEHL, REFERENCE LENGTH TRI-LAT.EPTIHUM LT/
RLUNLEHL, REFERENCE LENGTH MIN~LAT.EPIHUM LT/
RLOMXVAL,REFERENCE LENGTH OL-MAX.F.ARY LT/
RLOHADVAL,REFERENCE LERGTH OCL-MID.F.ARH LT/
RLPWSTYL, REFERENCE LENGTH PROX. TO STY LT/
RLUDTRL, REFERENCE LENGTH UP.TH-TROCH LT/
RLMADDTRL, REFERENCE LENGTH MID.TH-TROCH LT/
RLAXKTIL,REFERENCE LENGTH MAX.LEG-TIB.LAT. LT/
RLMDKTIL, REFERENCE LENGTH MID.LEG~TIB.LAT. LT/
RLMNKMAL, REFERENCE LENGTH MIN.ANK-MAL.LAT. LT/

RLAXMEHR, REFERENCE LENGTH AX-MNED.EPIHUM RBRT/
RLTRLEHR,REFERENCE LENGTH TRI-LAT.EPIHUM RT/
RLHANLEHR, REFERENCE LENGTH MIN-LAT.EPIHUN RT/
RLOMXVAR, REFERENCE LENGTH OL-MAX.F.ARM RT/
RLOYMDVAR,REFERENCE LENGTH OL~MID.F.ARM RT/
BLPWSTYR, REFERERCE LENGTH PROX. TO STY RT/
RLUDTRR, REFERENCE LENGTH UP.TH-TROCH RT/
RLMDDTBR,REFEREBCE LENGTH MID.TH-TROCH RT/
RLMXKTIR,RETERENCE LENGTH MAX.LEG-TIB.LAT. RT/
RLMDKTIR, REFERENCE LENGTH MID.LEG-TIB.LAT. RT/
RLMNKNM AR, REFERENCE LENGTH MIN.ANK-HAL.LAT. RT/

OLMXHUL,0STE0 LENGTH MAX.HUMERUS LEFT/
OGMDHUL,OSTEO GIRTH MIOD~HUMERDS LEFT/
OBEPIHUL,OSTEO BREADTH EPICOND.HUMERUS LEFT/
GGEPIHUL,OSTEO GIRTH EPICOND.HUMERUS LEFT/
OGHNHUL,OSTEC GIRTH MIN.HUMERUS LEFT/
OLULNL,OSTEC LENGTH ULNA LEFT/

OLRADL,OSTEQO LENGTH RADIUS LEFT/

OGHDULNL, GSTEO GIRTH MID-ULNA LEFT/
OGYDRADL,OSTEQ GIRTH MID-RADIUS LEFT/

OG MXULXL, GSTEC GIRTH MAX.ULNA LEFT/
OGHXRADL, OSTEC GIRTH HAX.RADIUS LEFT/
OLTROCOL,OSTEQ0 LENGTH TROCH-FEM.COND. LEFT/
OLMXFEL,OSTEO LENGTH MAX.FEMOR LEFT/
OBEPIF EL, OSTE0O BREADTH EPICOND.FENUR LEFT/
CGEPIFEL,OSTEOC GIRTH EPICOND.FENUR LEFT/
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GGMDFEL,O0STEO
ODGUPFEL,O0STED
OLMXTIL,OSTEQ
OLMXFIL,0S8TEO
OGMXTIL,0STEO
OGHXFIL,0STEO
OGMDTIL,O0STEO
OGHDFIL,OSTEO
OLTIMALL,OSTEO
OLFIHMAL,O0STEO

OLMXHUR, OSTEO
OGMDHUR,OSTEO
OBEPIHTR,OSTED
OGEPIHUR, OSTEO
OGHNHUR,OSTEO
OLULNR,OSTEO L
OLRADR,OSTEO L
0G MDU L¥R, OSTEO
OGMDRADR, OSTED

OGHXULNR,OSTEO

OGHXRADR,OSTED
OLTROCOR,0STEO
CLMXFER,OSTEO
OBEPIFER,OSTED
OGEPIFER,OSTED
OGMDFER, OSTEO
OGUPFER,OSTEC
OLH¥XTIR,OSTEO
OLMXFIR,0STED
06 ¥XTI R, OSTEO
OGHXFIR,O05TREO
OGMDTIR,USTEO
OGMDFIR,0STED
OLTIMALR,OSTEOD
OLFIHMAR,OSTED

GIRTH MID-FEMUR LEFT/
GIRTH UPPER FEMUR LEFIT/
LENGTH MAX.TIBIA LEFT/
LENGTH MAX.FIBULA LEFT/
GIRTH MAX.TIBIA LEFI/
GIRTH MAX.FIBULA LEFT/
GIRTH MID-TIBIA LEFI/
GIRTH MID~-FIBULA LEFT/
LENGTH TIBIALE-MALLEOLARE LEFT/
LENGTH FIB.HD-MALLEOLARE LEFT/

LENGTH HAX.HUMERUS RIGHT/

GIRTH MID-HUMERUS RIGHT/
BREADTH EPICOND.HUMERUS RIGHT/
GIRTH EPICOND. HUMERUGS RIGHT/

GIRTH MIN.HUMERUS RIGHT/

ENGTH ULKA RIGHT/

ENGTH RADIUS RIGHT/
GIRTH MID-ULNA RIGHT/
GIRTH MID-RADIUS RIGHT/
GIRTH #AX.ULNA BIGHT/
GIRTH MAX.RADIUS RIGHT/
LENGTH TROCH-FEM.COND,

LENGTH MAX.FEMUR RIGHT/
BREADTH EPICOND.FEMUR RIGHT/
GIRTH EPICOND.FEMUR RIGHT/

GIRTH HID-FEMUR RIGHT/

GIRTH UPPER FEMUR RIGHT/

LENGTH H¥AX.TIBIA RIGHT/

LENGTH HNAX.FIBULA RIGHT/

GIRTH MAX.TIBIA RIGHT/

GIRTH MAX.FIBULA RIGHT/

GIRTH MID-TIBIA RIGHT/

GIRTH MID-FIBULA RIGHT/

LENGTH TIBIALE-MALLEOLARE RIGHT/
LENGTH FIB.HD-HALLEOLARE RIGHT/

RIGHT/
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RAY DATA for CASE NUMBER 1

SEQNUM 1, SUBFILE 55.D CASWGT 1.0000 sSyBNUAM 150.00 SEX 1.00 DOB
12.00 DODEM 81.00 AGEATDEM 69.00 DOANTHR 19483.00 DODISS
20483.00 LTOTHANG 172.00 LTGTSUSV172.00 LTOTSUP 169.60 WATBBWE
43600.00 WATBA#H 43600.00 WALUNH20 0.0 WWCADCF 7840.00 WHCF
6300.00 WwWCAD 1540.00 WATBBDI 43600.00 HGFHD 53.60 HGNAS 56.20
HGMAND 40.00 HLVERTRA 7.90 HLVERHEH 18.00 HLVERNAS 13.70 HLINC7
11.90 HBBITRAxiﬂ.OO HBBIZY 13.90 HDINGLAB 19.40 WAHEAD 3701.13
WWHEAD 333.20 SFHSUBL 9.70 SFSSUBL 8.10 TSFHAXL 2.10 TSFHXIL
3.10 TSPHICL %#.80 TSFHSSL 2.80 TSFHABL 3.90 TSPFSAXL 1.50 TSFSXIL
2.40 TSPSICL 3.50 TSFSSSL 2.50 TSFSABL 3.10 TGAX B2.10 TGHESDST
78,60 TGTHBF 78.90 TGXIPH 73.30 TGWAI 63.10 TGHIP 80.60 TLC7CO
60.20 TBBIAC 35.30 TBMESOST 27.20 TBXIPH 27.30 TBBIILCR 31.50
TBBITROC 33.30 DAPCHMES 17.00 DAPCHXI 14.40 DBUTT 16.50 NGSUPTHY
31.20 NGINPTHY 32.70 WATR 20234.56 WHTRECEP 5670.00 WWCEF
6300.00 WWTR ~-630.00 SFHSUBRB 6.40 SFSSUBR 5.50 TSFHAXR 2.10
TSFHXIR 2.50 TSFHICR 4#.20 TSFHSSR 2.50 TSFHABR 4.30 TSFSAXR 1.70
TSFPSXIR 2,40 TSPSICR 3.50 TSFSSSR 2,20 TSFSABR 3.30 SPHTRL 3.50
SFHBIL 2.90 SFSTRL 2.60 SFSBIL 2.00 GAX@REL 20.40 GTRL 18.30
GELL 20.30 GHNARML 17.30 LACRADL 33.80 BEPIHUL 6.92 WABATOTL
1049.68 WWBATOTL 13.36 LBGBAAXL 15,30 LBGBATRL 15.30 LBGBAEPL
16.30 LBBBAEPL 6.64 LBGBAPRL 14.90 WABASL 88.68 WWBASL 0.40
WABAFL 55.52 WWBAFL 2.30 WABAML 627.48 WWBAML 28.40 WABABL
278.00 WWBABL 51.50 SFHTRR 3.70 SFHBIR 1.90 SFSTRR 2.70 SFSBIR
1.50 GAXARHR 20.30 GTRR 18.00 GELR 21.60 GMNARMR 17.40 LACRADR

34,50 BEPIHUR 6.87 WABATOTR 1049.68 WWBATOTR 13.41 WABASR 88.78
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WQBASR 0.50 WABAFR 63.72 WWBAFR 3.00 WABAMR 599.05 WWBAMR 27.30
WABABR 298. 13 WWBABR 49.50 SFHMXFL 2.60 SFHMDFL 2.30 SFSHMXFL

-~ 2.00 SFSMDFL 1.90 GMXFL 19.10 GMDFL 16.20 GPRSTYL 14.50) GBISTYL
16.20 GDISTYL 15.20 LOLSTYL 27.40 BBISTYL 6.16 WAVATOTL 615.68
¥WVATOTL 13.2§ WAVASL 53.43 WWVASL 1.30 WAVAFL 14.56 WWVAFL 0.0
WAVAML 375.78 WWVAML 20.30 WAVABRL 74,10 WWVABRL 17.80 QAVQBUL
90.00 WWVABUL 25.00 SFHMXFR 2.30 SFHMDFR 2.10 SFSMXFR 1.90
SFSMDFR 1.80 GHMXFR 20.70 GMDFR 15.40 GPRSTYR 13.60 GBISTYR 16.40
GDISTYR 15.40 LOLSTYR 28.30 BBISTYR 6.13 WAVATOTR 635.86
WWVATOTR 13.27 WAVASRE 70.22 WWVASRE 1.60 WAVAFR 27.96 WWVAFR 0.20
WAVAMR 360.68 WWVAMR 17.40 WAVABRR 76,10 WWVABRR 17.80 WAVABUR
88.50 WWVABUR 23.20 SFHHL 1.10 SPSHL 1.00 GMETACL 19.00 GPHAL3L
5.40 LSTYMETL 7.70 LSTYDACL 19.90 BMETACL 0.0 DMETACL 2.86
WAHATOTL #03.72 WWHATOTL 13.56 WAHSL 59.82 WWHSL 1.60 WAHFL
49.96 WWHFL 0.40 WAHML 157.54 WWHML 8.50 WAHBL 136.40 WWHBL
25.90 SFHHR 2.10 SPSHR 1.50 GMETACR 21.20 GPHAL3R 5.80 LSTYﬂETR
7.90 LSTYDACR 19.90 BMETACR 0.0 DMETACR 2.82 WAHATOTR 464,28
"WWHATOTR 13.36 WAHSR 65.37 WWHSR —-1.80 WAHFR 81.22 W¥HFR 1.70
WAHMR 170.53 WWHMR 7.80 WAHBR 147.16 WﬂHBR 24,00 SFHANTTL 3.90
SFHHEDTL 3.00 SFHPOSTL 3.50 SFHSUPPL 0.0 SFSANTIL 3.00 SFSHEDTL
2.70 SPSPOSTL 3. 10 SPSSUPPL 0.0 GUPTHL 31.40 GMDTHL 29. 30
GSUPPATL 25.70 GMIDPATL 32.30 LTROTIBL 41.60 BEPIFEL 9. 68
WADTOTL 4835.58 WWDTOTL 24.20 WADSL 414.33 W#DSL 1.90 WADFL
495.56 WHDFL 1.10 WADML 3034.76 WWDML 97.70 WADBFL 778.90 WHDBFL
"156.40 WADBPL 39.30 WWDBPL 9.70 SFHANTTR 4.20 SFHHEDTR 2.40

SFHPOSTR 4. 40 SFHSUPPR 0.0 SFPSANTTR 3.50 SFSHMEDTR 2.20 SFSPOSTR
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3;80 SFSSUPPR 3.20 GUPTHR 30.60 GHDTHR 29.00 GSUPPATR 24.80
GMDPATR 32.00 LTROTIBR 41.90 BEPIFER 9.70 WADTOTR 4898. 16
WWDTOTR 22.17 WADSR 491.01 WWDSR 23.00 WADFR 582.35 WWDFB 8.70
WADAR 2911.08 WWDMR 108.50 HADBYR 790.70 WWDBFR 160.80 WADBPR
37.60 WWDBPR §.10 SFHHEDCL 3. 10 SPSMEDCL 2.30 GINFPATL 27.80
GMXCAL 26.10 GMNANKL 18.60 GBIMALL 17.10 GHDLECL 23.30 LTIBMALL
39.50 BCONTIL 9.37 BBIMALL 7.30 WAKTOTL 1876.30 WWKTOTL 14.22
WAKSL 136.41 WWKSL 6.60 WAKFL 185.84 WWKFL -2.80 WARML 959.20
WWKHML 32.00 WAKBTL 450.50 WWKBTL 87.80 WAKBFL 85.00 ®WKBFL 20.30
SFHHEDCR 2.90 SFSMEDCR 2.40 GINFPATR 27.20 GHMXICAR 24.20 GMNANKR
17.10 GBIMALR 15.90 GMDLEGR 20.20 LTIBMALR 38.8) BCONTIR 9. 41
BBIMALR 7.53 WAKTOTR 1655.26 WWKTOTR 13.84 WAKSR 123.15 WWKSE
7.20 WAKFR 177.32 WWKFR ~-5.50 WAKMR 763.98 WWKMR 30.10 WAKBTR
452.00 WRKBTR 89.20 WAKB?R 90.10 WWKBFR 22.10 SFHFL 0.0 SFSFL
0.0 GMETATL 15.80 GPHALIL 7.80 GARCL 26.00 LMALBALL 7.00 LAKPTEL
25,70 BHEELL 5.47 BHETATL 9.25 DMETATL 2.42 HAVTOTL 1140.00 |
WWVTOTL 13.67 WAVSL 118.60 WWVSL 6.50 WAVFL 234,90 WWVFL 2.00
"WAVML 282.30 WWVML 11.60 WAVBL 327.00 WWVBL 55.90 SFHFR 0.0
SFSFR 0.0 GMETATR 15.40 GPHALIR 8.20 GAQCR 25.70 LMALBALR 7.30
LAKPTER 25.70 BHEELR 5.53 BMETATR 9.29 DNETATR 2.48 WAVTOTR
1020.00 WWYTOTR 13.64 WAVSR 110.90 WHVSR 6.80 WAVFR 209.50 WWVFR
1.30 WAVHR 249.60 WWVMR 9.40 WAVBR 345.70 WWVBR 61.30 WWGASWT
67.10 WAFLBUPF 1448.00 WABUPF 666.20 WAFLPF 781.80 WAFLBUPS 0.0
WABUPS 0.0 WAFLPS 0.0 X 2.40 VOLTOT 420560.00 CAWATOTB 43198.00
DIFTCT 402.00 ADJHEAD 34.13 VOLHEAD 3367.93 CDENHEAD 1. 10 ADJTR

186.57 VOLTR 20864.56 CDENTR 0.97 ADJBAL 9.568 VOLBAL 1036.32
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CDENBAL 1.07 CAWABAL 1000.20 DIFBAL 49.48 ADJBASL 4.18 VOLBASL
88.28 ADJBAFL 2.62 §OLBAFL 53.22 ADJBAHL 29.58 VOLBAML 599.08
ADJBABL 13.10 VOLBABL 226.50 ADJBAR 9.68 VOLBAR 1036.27 CDENBAR
101 CAWABAR 980.20 DIFBAR 69.48‘ADJBASB 5.88 VOLBASR 88.28
ADJBAFR 4,22 #OLBA?E 60.72 ADJBAMR 39.65 VOLBAMR 571.75 ADJBABR
19.73 VOLBABR 248.63 ADJVAL 5.68 VOLVAL 602.39 DENVAL 1.02
WAVABL 171.91 CAWAVAL 587.70 DIFVAL 27.98 ADJVASL 2.43 VOLVASL
.52.13 ADJVAFL 0.66 VOLVAFL 14.56 ADJVAML 17.08 VOLVANL 355.48
ADJVABL 7.81 VOLVABL 129.11 ADJVAR 5.86 VOLVAR 622.59 DENVAR

- 1.02 WAVABR 177.00 CAWAVAR 591.30 DIFVAR 44.56 ADJVASR 4.92
VOLVASR 68.62 ADJVAF¥R 1.96 VOLVAFR 27.76 ADJVAMR 25.28 VOLVAMR
343.28 ADJVABR 12.40 VOLVABR 70.70 ADJHAL 3.72 VOLHAL 390.16 |
\CDEHHAL 1.03 CAWAHAL 368.50 DIFHAL 35.22 ADJHASL 5.22 VOLHASL
58.22 ADJHAFL 4.36 VOLHAFL 49.56 ADJHAML 13.74 VOLHAML 149.04
ADJHABL 11.90 VOLHABL 110.50 ADJHAR 4.28 VOLHAR 450.92 CDENHAR
1.03 CAWAHAR 401.30 DIFﬁAB 62.98 ADJHASR 8.87 VOLHASR 67.17
ADJHAFR 11.02 VOLHAFR 75.52 ADJHAMR 23.13 VOLHAMR 162.73 ADJHABR
19.96 VOLHABR 123.16 ADJDL 44.58 VOLDL 4811.38 DENDL 1.01 WADBL
890.94 CAWADL 4440.80 DIFDL 394.79 BDJDSL 33.83 VOLDSL 412.43
ADJDFL 40.46 VOLDFL 494.46 ADJDML 247.76 VOLDML 2937.06 ADJDBL
72.74 VOLDBL 724.84 ADJIDR 45.16 VOLDR 4875.99 DENDR 1.00 WADBR
913.73 CAWADR 4440,20 DIFDR 457.96 ADJDSR 45.91 VOLDSR 468.01
ADJDFR 54.45 VOLDFR 573.65 ADJDMR 272.18 VOLDMR 2802.58 ADJDBR
85.43 VOLDBR 715.33 ADJKL 17.30 VOLKL 1862.08 DEEKL 1.01 WAKBL
594,85 CAWAKL 1689.10 DIFKL 187.20 ADJKSL 13.61 VOLXSL 129. 81

ADJKFL 18.54 VOLKFL 188,64 ADJKML 95.70 VOLKML 927.20 ADJKBL
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59.35 VOLKBL 486.75 ADJKR 15,26 VOLKR 1641.42 DENKR 1.01 WAKBR
596.81 CAWAKR 1518.80 DIFKR 136.46 ADJKSR 10.15 VOLKSR 115.95
ADJKFR 14.62 VOLKFR 182.82 ADJKMR 62.98 VOLKMR 733.88 ADJKBR

48.71% VOLKBR 411.51

DATA for CASE NUMBER 2

SEQNUM 2. SUBFILE SS.D CASWGT 1.0000 SUBNUM 161.00 SEX 1.00 DOCB
3.00 DODEH 82.00 AGEATDEM 78.00 DOANTHR 21483.00 DODISS 22483.00
LTOTHANG 162.30 LTOTSUS 162.30 LTOTSUP 161.30 WATBBWW 66100.00
WATBAWW 66300.00 WALUNH20 200.00 WWCADCF 7960.00 WWCF 6300.00
WRCAD 1660.00 WATBBDI 66300.00 HGFHD 55.70 HGNAS 56.50 HGMAND
56,10 HLVERTRA 13.00 HLVERMEN 19.20 HLVERMAS 15.20 HLINC7 9.10
HBEITRA 13.70 HBBIZY 12.50 HDINGLAB 19.60 WAHEAD 4532.29 WWHEAD
371.50 SFHSUBL 24.30 SFSSUBL 18.90 TSFHAXL 8.90 TSFHXIL 0.0
TSFHICL 10.80 TSFHSSL 13.00 TSFHABL 0.0 TSFSAXL 13.00 TSFSXIL
0.0 TSPSICL 9.40 TSFSSSL 9.70 TSFSABL 0.0 TGAX 96.7D TGHESOST
95.30 TGTHBF 94.90 TGXIPH 93.30 TGWAI 88.50 TGHIP 91.40 TLCICO
63.20 TBBIAC 35.10 TBMESOST 30.80 TBXIPH 30.60 TBBIILCR 29.00
TBBITROC 29.00 DAPCHMES 20.40 DAPCHXI 22.70 DBUTT 17.60 NGSUPTHY
46.10 NGINFTHY 43.90 WATR 33465.82 WHTRECEF £270.00 WWCEF
6300.00 WRTR -30.00 SFHSUBR 25.80 SFSSUBR 20.90 TSFHAXR 6.80
TSFHXIR 0.0 TSPHICR 16.30 TSFHSSR 10.00 TSFHABR 0.0 TSF¥SAXR 9.30
TSFSXIR 0.0 TSFSICR 13.10 TSFSSSR 8.60 TSFSABR 0.0 SFHTRL 19.20
SFHBIL 11.90 SPFSTRL 15.20 SFSBIL 7.60 GAXARML 28.90 GTRL 28.80
GELL 24.80 GMNARML 0.0 LACRADL 32.20 BEPIHUL 6.562 WABATOTL

1650.12 WWBATOTL 50.10 LBGBAAXL 18,10 LBGBATRL 18.50 LBGBAEPL
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17.10 LBBBAEPL 6.20 LBGBAPRL 16.40 WABASL 134.88 WWBASL 5.80
WABAFL 593.26 WWBAFL -27.90 ﬁABAHL’705.20 WWBAML 25.30 WABABL
216.78 WWBABL 36.10 SFHTRR 24.90 SFHBIR 13.10 SFSTRR 17.60
SFSBIR 9.70 GAXARMR 28.80 GTRR 27.80 GELR 23.80 GMNARMR 0.0
LACRADR 32.10‘BEPIHUR 6.63 WABATOTR 1660.19 WWBATOTR 47.90
WABASR 137.30 WWBASR 6.80 WABAFR 620.75 HWWBAFR -26.80 WABAMR
670.44 WWBAMR 22.50 WABABR 231,71 WWBABR 35.50 SPHMXFL 10.00
SFHMDFL 7.50 SFSMXFL 8.60 SPSHMDFL 6.50 GMXFL 23.70 GHDFL 19.30
GPRSTYL 15.50 GBISTYL 15.70 GDISTYL 15.00 LOLSTYL 26.20 BBISTYL
5.12 WAVATOTL 829.09 WWVATOTL 49,30 WAVASL 56.95 WWVASL 2.80
WAVAFL 200.26 WHVAFL ~-8.60 WAVAAL 449,32 WHVAML 20.20 WAVABRL
52.30 WWVABRL 9.90 WAVABUL 63.50 WWVABUL 14,30 SFHMXFR 9.00
SFHHbFB 5.80 SFSMXFR 7.20 SFS5HDFR 5.20 GMXFR 23.70 GMDPR 19.00
GPRSTYR 15.60 GBISTYR 15.40 GDISTYR 14.60 LOLSTYR 26.20 BBISTYR
5.28 WAVATOTR 893.56 WWVATOTR 43.50 WAVASR 67.74% WWVASR 2.90
WAVAFR 216.58 WWVAFR -7.70 WAVAMR 485.21 WWVAMR 18.40 ﬁAVABéB
51.60 WWVABRR 9.10 WAVABUR 65.40 WWVABUR 14,00 SFHHL 1.40 SFSHL
1.50 GMETACL 18.50 GPHAL3L 5.90 LSTYMETL 7.50 LSTYDACL 17.560
BMETACL 7.32 DHMHETACL 2.48 WAHATOTL 3“2;52 WWHATOTL 23.50 WAHSL
52.67 WWHSL 1.80 WAHFL 74.00 WWHFL -1.60 WAHML 126.24 WWHML 4#.50
WAHBL 89.61 WWHBL 13.30 SFHHR 2.10 S¥FSHR 1.70 GMETACR 18.50
GPHAL3R 6.20 LSTYMETR 7.30 LSTYDACR 16.70 BMETACR 7.46 DMETACR
2.42 WAHATOTR 353.60 WWHATOTR 24.90 WAHSR 45.44 WWHSR 1.90 WAHFR
108.47 WWHFR -1.40 WAHMR 107.68 WWHMR 4.40 WAHBR 92.01 WWHBR
14,00 SPHANTTL 11.30 SFHHEDTL 7.80 SFHPOSTL 19.90 SFHSUPPL 11.70

SFSANTTL 9.80 SFSMEDTL 7.20 SFSPOSTL 12.30 SFSSUPPL 6.40 GUPTHL
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48.80 GMDTHL 40.20 GSUPPATL 36.00 GMIDPATL 35.60 LTROTIBL 42.990
BEPIPEL 9.57 WADTOTL 8200.23 WWDTOTL 193.70 WADSL 489.89 W¥DSL
24.50 WADFL 2885.48 WHWHDFL -130.90 WADHML 4079.63 WW¥DML 106.00
WADBFL 673.50 WWDBFL 123.40 WADBPL 21,40 WWDBPL 4.20 SFHANTTR
8.70 SFHMEDTR 51.89 SFPHPOSTR 20.70 SFHSUPPR 8,70 SFSANTTR 4.90
SFSMEDTR 8.20 SFSPOSTR 11.40 SFSSUPPR 4.50 GUPTHR 47.90 GMDTHR
39.00 GSUPPATR 35.70 GHDPATR 35.00 LTROTIBR 42.80 BEPIFER 9.68
WADTOTR 8391.64 WWDTOTR 193.40 WADSR 492.72 WWDSR 23.80 WADFR
3025.52 WWDFR -138.80 WADMR 4113.73 WWDMR 114.00 WADBFR 678.90
WHDBFR 122.80 WADBPR 20.30 WWDBPR 4.40 SFHMEDCL 7.70 SFSMEDCL
5.80 GINFPATL 32.60 GMXCAL 30.60 GMNANKL 19.70 GBIMALL 24,00
GMDLEGL 25,90 LTIBMALL 38.20 BCONTIL 9.67 BBINALL 7.11 WAKTOTL
2195.12 WWKTOTL 143.20 WAKSL 131.22 WWKSL 7.00 WAKFL 366.63
WWKFL -12.40 WAKML 1217.44 WWKML 41.80 WAKBTL 386.10 WWKBTL
63.70 WAKBFIL 66.60 WWKBFL 12.60 SFHMEDCR 7.50 SFSMEDCR 4.20
GINFPATR 30.00 GMXCAR 30.70 GMNANKR 19.40 GBIMALR 24.80 GHELEGR
35.80 LTIBMALR 38.30 BCONTIR 9.60 BBIMALR 6.72 WAKTOTR 2163.89
WHKTOTR 144.60 WAKSR 109.98 ¥WRKSR 6.90 WAKFR 348.95 WWKFR -15.80
WAKMR 12711.15 WWKMR 45.80 WAKBTIR 392.204HEKBTB 63.20 WAKBFR
64.90 WWKBFR 12.30 SFHFL 0.0 SFSFL 0.0 GHETATL 22.70 GPHAL1L
8.10 GARCL 23.70 LMALBALL 6.00 LAKPTEL 21.80 BHEELL 5.73 BMETATL
8.54 DMETATL 2.63 WAVTOTL 823.00 WWVTOTL 53.10 WAVSL 90.80 WWVSL
5. 80 WAVFL 215.40 WWVFL -2.50 WAVAL 214.50 WWVHML 10.70 WAVBL
230.70 WWVBL 34.40 SFHFR 0.0 SFSPFR 0.0 GMETATR 22.30 GPHALIR
7.50 GARCR 23.70 LMALBALR 6.60 LAKPTER 21.60 BHEELR 5.94 BMETATR

8.48 DMETATR 2.61 WAVTOTIR 787.00 WWVTOTR 52.10 WAVSR 87.60 WHVSR
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4.90 WAVFR 264.30 WWVYFR O.QS‘WAVMR 151.60 WWVMR 5.20 WAVBR
238.50 WHVBR 35.90 WWGAEWT 89.70 WAFLBUPF 1850.00 WABUPF 252.90
WAFLPF 1587.10 WAFLBUPS 0.0 WABUPS 0.0 WAFLPS 0.0 X 1.00 VOLTOT
64640.00 CAWATOTB 65813.00 ﬂI?TOT 487.00 ADJHEAD 33.29 VOLHEAD
4160.79 CDENHEAD 1.09 ADJTR 245.82 VOLTR 33495.82 CDENTR 1.00
ADJBAL 12.12 VOLBAL 1600.02 CDENBAL 1.03 CAWABAL 1581.80 DIFBAL
68.32 ADJBASL 5.58 VOLBASL 129.08 ADJBAFL 24.55 VOLBAFL 621.16
ADJBAML 29.20 VOLBAML 6579.90 ADJBABL 8.98 VOLBABL 180.68 ADJBAR
12.19 VOLBAR 1612.29 CDENBAR 1.03 CAWABAR 1540.50 DIFBAR 119.69
ADJBASR 9.90 VOLBASBR 130.50 ADJBAFR 44.75 VOLBAFR 647.55 ADJBAMR
48.34 VOLBANR 647.94 ADJIBABR 16.71 VOLBABR 196.2%1 ADJVAL 6.09
VOLVAL 779.79 DENVAL 1.06 WAVABL 122.57 CAWAVAL 783.30 DIFVAL
45,79 ADJVASL 3.15 VOLVASL 54.15 ADJVAFL 11.06 VOLVAFL 208.86
ADJVAML 24.82 VOLVAML 429.12 ADJVABL 6.77 VOLVABL 98.37 ADJVAR
6.56 VOLVAR 850.06 DENVAR 1.05 WAVABR 124,03 CAWAVAR 842.90
DIFVAR 50.66 ADJVASR 3.84 VOLVASR 64,84 ADJVAFR 12.28 VOLVAFﬁ
224,28 ADJVAMR 27.51 VOLVAMR 466.81 ADJVABR 7.03 VOLVABR 49.53
ADJHAL 2.52 YOLHAL 319.02 CDENHAL 1.07 CAWAHAL 318.00 DIFHAL
24.52 ADJHASL 3.77 VOLHASL 50,87 ADJH%Fi 5.30 VOLHAFL 75.60
ADJHAML S.04 VOLHAML 121.74 ADJHABL 6.41 VOLHABL 76.31 ADJHAR
2.60 VOLHAR 328.70 CDENHAR 1.08 CAWAHAR 313.60 DIFHAR 40.00
ADJHASR 5. 14 VOLHASR 43.54 ADJHAFR 12.27 VOLHAFR 109.87 ADJHAMR
12.18 VOLHAMR 103.28 ADJHABR 10.41 VOLHABR 78.01 ADJDL 60.23
VOLDL 8006,53 DENDL 1.02 WADBL 745.23 CAWADL 7646.39 DIFDL
553.84 ADJIDSL 33.09 VOLDSL 465.39 ADJDFL 194,88 VOLDFL 3016.38

ADJDHL 275.53 VOLDHL 3973.63 ADJDBL 50.33 VOLDBL 617.63 ADJDR
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61.64 VOLDR 8198.23 DENDR 1.02 WADBR 759.67 CAWADR 7723.70 DIFDR
667.94 ADJIDSR 39.22 VOLDSR 468.92 ADJDPR 240.82 VOLDFR 3164.32
ADJDMR 327.44 VOLDHMR 3999.74 ADJIDBR 60.47 VOLDBR 616.57 ADJKL
16.12 VOLXL 2051.92 DENKL 1.07 WAKBL 475.83 CAWAKL 2071.00 DIFKL
124.12 ADJKSL\7.32 VOLKSL 124.22 ADJKFL 20.73 VOLKFL 379.03
ADJKML 68.84 VQLK&L 1175.64 ADJKBL 27.13 VOLKBL 403.53 ADJKR
15.89 VOLKR 2019.29 DENEKR 1.07 WAKBR 493.82 CAWAKR 2003.00 DIFKR
160.90 ADJKSR 8.18 VOLKSR 103.08 ADJKFR 25.95 VOLKFR 364.75

ADJKMR 90.05 VOLKMR 1165.35 ADJKBR 36.72 VOLKBR 365.72

DATA for CASE NUMBER 3

SEQNUM 3. SUBFILE SS.D CASWGT 1.0000 SyBNUM 189.00 SEX 2.00 DOB
3.00 DODEM 82.00 AGEATDENM 79.00 DOANTHR 25483.00 DODISS 26483.00
LTOTHANG 749.00 LTOTSUS 149,00 LTOTSUP 148.50 WATBBWHW 50800.00
WATBAWW 51000.00 WALUNH20 200.00 WWCADCF 6390.00 WWCF 6300.00
WWCAD 90.00 WATBBDI 50900.00 HGFHD 52.70 HGNAS 53.30 HGHMAND
45.70 HLVERTRA 11.00 HLVERMEN 18,80 HLVERMAS 14.90 HLINCT7 12.00
HBBITRA 13.90 HBBIZY 13.40 HDINGLAB 15.90 WAHEAD 3701.12 WWHEAD
290.20 SFHSUBL 34.40 SFSSUBL 12.90 TSFH@XL 20,30 TSFHXIL 22.60
TSFHICL 23.80 TSFHSSL 10.90 TSFHABL 15.70 TSFSAXL 17.60 TSFSXIL
11.90 TSFSICL 19.10 TSFSSSL 10.90 TSFSABL 14.30 TGAX 83.20
TGMESOST 85.70 TGTHBF 80.70 TGXIPH 80.70 TGWAI 78.50 TGHIP 89.50
TLC7CO 52.40 TBBIAC 29.90 TBMESOST 26.80 TBXIPH 26.30 TBBIILCR
29.20 TBBITROC 32.10 DAPCHMES 17.60 DAPCHXI 18.30 DBUTT 17.10
NGSUPTHY 4171.20 NGINFTHY 38.70 WATR 24262.70 WWTRECEF 5848.00

WWCEF 6300.00 WWTR -452.00 SFHSUBR 17.10 SFSSUBR 20.00 TSFHAXR
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16.90 TSFHXIR 15.20 TSFHICER 27.50 TSFHSSR 18.3D TSFHABR 5.70
TSFSAXR 16.50 TSFSXIR 14.60 TSFSICR 25.40 TSFSSSR 14.80 TSFSABR
4.50 SFHTRL 16,70 SFHBIL 11.50 SPFSTRL 13.70 SFSBIL 11.30 GAXARNL
24,60 GTRL 24.20 GELL 22.80 GMNARML 22.60 LACRADL 30.30 BEPIHUL
5.11 WABATOTL i3ﬂ7.31 WWBATOTL 14.80 LBGBAAXL 13.60 LBGBATRL
12.80 LBGBAEPL 15.40 LBBBAEPL 5.88 LBGBAPRL 13.10 WABASL 43.17
WWBASL 0.80 WABAFL 710.43 WWBAFL -40.90 WABAML 439.76 WWBAML
14.30 WABABL 153.96 W¥BABL 25.10 SFHTRR 17.40 SFHBIR 15.90
SFSTRR 14.00 SFSBIR 14,20 GAXARMR 27.80 GTRR 28.60 GELR 21.50
GMNARMR 27.10 LACRADR 30.10 BEPIHUR 6.46 WABATOTR 1582.10
WWBATOTE 25.10 WABASR 106.56 WWBASR 4.40 WABAFR 754.73 WWBAFR
-36.50 WABAMR 566.971 WWBAMR 17.00 WABABR 153.90 WWBABR 25.20
SFHMXFL 14,10 SFPHMDFL 12.10 SFSMXFL 10.10 SFSHDFL 10.50 GMXFL
21.80 GMDFL 21.60 GPRSTYL 16.40 GBISTYL 15.20 GDISTYL 13.70
LOLSTYL 22.60 BBISTYL 5.06 WAVATOTL 797.33 WWVATOTL 13.20 WAVASL
95.76 RWWVASL 3.70 WAVAFL 369.20 WWVAFL -20.90 WAVAML 252.96 |
WWVAML 9.30 WAVABRL 34.20 WWVABRL 7.20 WAVABUL 38.70 WWVABUL
9.80 SFHMXFR 14.90 SFHMDFR 16.40 SFSMXFR 12.40 SPSMDFR 15.00
GMXFR 21.80 GMDFR 17.30 GPRSTYR 14.40 GBISTYR 14 .60 GDISTYR
13.60 LOLSTYR 22.50 BBISTYR 5.05 WAVATOTR 550.28 W¥VATOTR 25.20
WAVASR 27.52 WWVASR 1.20 WAVAPR 186.92 WWVAFR -9.80 WAVAMR
253.58 WWVAMNR 9.00 WAVABRR 36.50 WWVABRR 7.90 WAVABUR 42.10
WEVABUR 11.10 SFHHL 1.90 SFSHL 2.20 GMETACL 156.00 GPHAL3L 5.40
LSTYMETL 6.50 LSTYDACL 15.70 BMETACL 6.35 DMETACL 1.96 WAHATOTL
246.95 WWHATOTL 15.40 RAHSL 37.24 WWHSL 1.80 WAHFL 70.56 WWHFL

-2.50 WAHML 70.77 WWHML 3,10 WAHBL $8.38 WWHBL 9.00 SFHHR 2.00
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SFSHR 1.30 GMETACR 16.40 GPHAL3R 5.60 LSTYMETR 7.50 LSTYDACR
17.00 BMETACR 6.83 DMETACR 1.88 WAHATOTR 259.561 WHHATOTR 18.30
WAHSR 46.84 WWHSR 2.00 WAHFR 82.47 WWHFR -1.20 WAHMR 54.27 WWHMR
2.50 WAHBR 76.09 WWHBR 11.00 SFHANTTL 14.80 SFHMEDTL 35.30
SFHPOSTIL 19.20\SFHSUPPL 17.80 SPSANTTL 12.00 SFSMEDTL 29.20
SFSPOSTL 17.10 SPSSUPPL 17.60 GUPTHL 43.20 GMDTHL 33.50 GSUPPATL
31.80 GMIDPATL 33.50 LTROTIBL 38.50 BEPIFEL 8.86 WADTOTL 6513.45
WWDTOTL -16.00 WADSL 352.56 WWDSL 12.90 WADFL 3622. 10 WWDFL
-185.80 WADML 2120.21 WWDML 37.50 WADBFL 470.30 WWDBFL 68.90
WADBPL 22.00 WHDBPL 2.50 SFHANTTE 11.40 SFHMEDTR 34.80 SFHPOSTR
26.20 SFHSUPPR 14.10 SFSANTTR 13.40 SFSMEDTR 28.80 SFSPOSTR
22.30 SPSSUPPR 9.10 GUPTHR 46.90 GMNDTHR 37.20 GSUPPATR 35.30
GMDPATR 36.40 LTROTIBR 37.30 BEPIFER 9,85 WADTOTR 7025,.53
WWDTOTR 12. 20 WADSR 405.29 WWDSR 17.50 WADFR 3502.56 WWDFR
~170.90 WADMR 2561.97 W¥DMR 34.40 WADBFR 497.60 WHDBFR 70.30
WADBPR 19.60 WWDBPR 1.50 SFHMEDCL 24.00 SFSMEDCL 23.00 GINFPATL
30.50 GHXCAL 26.80 GMNANKL 28.90 GBIMALL 24.70 GMDLEGL 22.60
LTIBHALL‘33.00 BCONTIL 8.30 BBIMALL 6.55 WAKTOTL 1555.16 WWKTOTL
28.10 WAKSL 80.82 WWKSL 0.40 WAKFL 620.36 WWKFL ~-34.20 WAKHL
544.29 WWKML 9.90 WARKBTL 258.60 WWKBTL 31.60 WAKBFL 39.80 WWKBFL
6.70 SFHMEDCR 25.60 SFSMEDCER 6.70 GINFPATR 33.70 GHMXCAR 29.20
GMNANKR 18.80 GBIMALR 26.20 GMDLEGR 24,40 LTIBMALR 34.10 BCONTIR
ka9.12 BBINALR 6.35 WAKTOTR 1634.47 WWKTOTR 40.60 ¥WAKSR 97.85
WWKSR 0.710 WAKFR 656.21 WHKFR ~30.00 WAKMR 541.87 WWHKMR 11.80
WAKBTR 260.90 WWKBTR 31.60 WAKBFR 40.80 WWKBFR 6.60 SFHFL 1.80

SFSFL 1.80 GHETATL 20.20 GPHALIL 6.90 GARCL 22.00 LMALBALL 5.10
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LAKPTEL 19. 40 BHEELL 6.93 BﬂETATL 7.33 DHETATL 2.09 ¥AVTOTL
630,10 WWHVTOTL 19.70 WAVSL 64.70 WWVSL 3.70 WAVFL 259.60 WWVFL
~7.40 WAVML 99.60 WWVHL 2.60 WAVBL 170.40 WWVBL 14.30 SFHFR 2.00
SFSFR 1.60 GMETATR 20.80 GPHALIR 6.70 GARCR 23.40 LMALBALR 5.00
LAKPTER 20.80 EHEELR 6.42 BMETATR 7.50 DMETATR 2.65 WAVTOTR
687.20 WWVIOTR 22,20 WAVSR 67.90 WWVSR 3.40 WAVFR 225.1DVWWVFR
~7.40 WAVMR 153.20 WHVHR 3.10 WAVBR 172.80 WNVBR 14.80 WWGAGWT
89.70 WAFLBUPF 820.90 WABUPF 253.80 WAFLPF 567.10 WAFLBUPS
854.10 WABUPS 646,80 WAFLPS 107.30 X 0.50 VOLTOT 50810.00
CAWATOTB 50642.58 DIPTOT 257.42 ADJHEAD 18.72 VOLHEAD 3410.92
CDENHEAD 1.09 ADJTR 122.70 VOLTR 24714.70 CDENTR 0.98 ADJIBAL
6.81 VOLBAL 1332.51 CDENBAL 1.01 CAWABAL 1273.30 DIFBAL 74.01
ADJBASL 2.37 VOLBASL 42.37 ADJBAFL 39.03 VOLBAFL 751.33 ADJBANML
24,16 VOLBAML 425.46 ADJBABL 8.46 VOLBABL 128.856 ADJBAR 8.00
VOLBAR 1557.00 CDENBAR 1.02 CAWABAR 1520.40 DIFBAR 61.70 ADJIBASR
4.16 VOLBASR 102.16 ADJBAFR 29.43 VOLBAFR 791.23 ADJBAMR 22.11
VOLBAMR 549.91 ADJBABR 6.00 VOLBABR 128.70 ADJYAL 4.03 VOLVAL
784,13 DENVAL 1.02 WAVABL 79.42 CAWAVAL 731,90 DIFVAL 65.43
ADJVASL 7.86 VOLVASL 92.06 ADJVAFL 30.30 VOLVAFL 390. 10 ADJVAML
20.76 VOLVAML 243.66 ADJVABL 6.52 VOLVABL 62.42 ADJVAR 2.78
VOLVAR 525.08 DENVAR 1.05 WAVABR 82.26 CAWAVAR 525.80 DIFVAR
24.48 ADJVASR 1.22 VOLVASR 26.32 ADJVAFR 8.32 VOLVAFR 196.72
ADJVAMR 11.28 VOLVAHMR 244.58 ADJVABR 3.66 VOLVABR 32. 26 ADJHAL
1.25 VOLHAL 231.55 CDENHAL 1.07 CAWAHAL 226.80 DIFHAL 20.15
ADJHASL 3.04 VOLHASL 35.44 ADJHAFL 5.76 VOLHAFL 73.06 ADJHAML

5.77 VOLHAML 67.67 ADJHABL 5.58 VOLHABL 59.38 ADJHAR 1.31 VOLHAR
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2&?.31 CDENHAR 1.08 CAWAHAR 236.10 DIFHAR 23.51 ADJHASR #.24
VOLHASR 44,84 ADJHAFR 7.47 VOLHAFR 83.67 ADJHA®MR 4.91 VOLHAHMR
51.71 ADJHABR 6.89 VOLHABR 65.09 ADJDL 33.45 VOLDL 6629.45 DENDL
1.00 WADBL 518.57 CAWADL 6278.39 DIFDL 335.05 ADJDSL 17.86
VOLDSL 339.66\ADJDFL 183.50 VOLDFL 3807.90 ADJDML 107.41 VOLDML
2082.71 ADJIDBL 26.27 VOLDBL 447.17 ADJDR 35.53 VOLDR 70i3.32
DENDR 1.00 WADBR 555.72 CAWADR 6538.60 DIFDR 486.93 ADJIDSR 28.09
VOLDSR 387.79 ADJDFR 242.76 VOLDFR 3673.46 ADJDMR 177.57 VOLDME
2527.57 ADJDBR 38.52 VOLDBR 465.82 ADJKL 7.86 VOLKL 1527.,06
DENKL 1.02 WAKBL 309.19 CAWAXKL 1500.90 DIFKL 54.27 ADJKSL 2.82
VOLKSL 80.42 ADJKFL 21.66 VOLKFL 655.06 ADJKML 18.99 VOLKNL
534.39 ADJKBL 10.79 VOLKBL 270.89 ADJKR 8.27 VOLKR 1593.87 DEHNKR
1.03 WAKBR 338.54 CAWAKR 1456.60 DIFKE 177.87 ADJKSR 10.65
VOLKSR 97.75 ADJKFR 71.41 VOLKFR 686.21 ADJKMR 58.97 VOLKMR

530.07 ADJKBR 36.84 VOLKBR 266,14

DATA for»CASE NUMBER 4

SEQNUM 4. SOUBFILE 5S.D CASHGT 1.0000 SUBNUHM 138.00‘SEX 1.00 DOB
65.00 DODEM 81.00 AGEATDEN 16.00 DOANTHR 28483.00 DODISS
29483.00 LTOTHANG 179.30 LTOTSUS 179.30 LTOTSUP 178.40 WATBBWW
80000.00 WATBAWW 80300.00 WALUNH20 300.00 WWCADCF 7935.00 WWCF
6300.00 WWCAD 1640.00 WATBBDI 80100.00 HGFHD 59.10 HGNAS 59.10
HGMAND 50.50 HLVERTRA 11.10 HLVERMEN 22.10 HLVERMAS 13.80 HLINC?Y
12.50 HBBITRA 14.60 HBBIZY 13.00 HDINGLAB 19.30 WAHEAD 5174.56
WWHEAD 458.10 SFHSUBL 14.00 SFSSUBL 12.30 TSFHAXL 10.70 TSFHXIL

9.80 TSFHICL 25.70 TSFHSSL 9.20 TSFHABL 11.90 TSFSAXL 10.20
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TSFSXIL 14.70 TSFSICL 24.00 TSFSSSL 5.00 TSFSABL 9.30 TGaAX
100.50 TGMESOST 101.30 TGTHBF 101.40 TGXIPH 92.70 TGWAI 84,80
TGHIP 97.90 TLC7CO €60.70 TBBIAC 38.50 TBMESOST 32.90 TBXIPH
30.40 TBBIILCR 27.60 TBBITROC 32.10 DAPCHMES 19.70 DAPCHXI 23.30
DBUTT 20.40 NéSUPTHY 40.10 NGINFTHY #0.70 WATR 35336.04 WWTRECEF
5605.00 WWCEF 6300.00 WWTR -695,00 SFHSUBR 17.20 S?SSUBﬁ 17.20
TSFHAXR 12.10 TSFHXIR 11.70 TSFHICR 24.90 TSFHSSR 8.00 TSFHABR
10.30 TSFSAXR 9.60 TSPSXIR 12.40 TSFSICR 25.20 TSFSSSR 7.50
TSFSABR 7.90 SFHTRL 28.90 SFHBIL 14,50 SFSTRL 22.70 SFSBIL  13.10
GAXARML 32.30 GTRL 30.90 GELL 26.30 GHNARH: 27.40 LACRADL 35.10
BEPIHUL 7.46 WABATOTL 2267.35 WWBATOTL 107.90 LBGBAAXL 20.30
LBGBATRL 21.40 LBGBAEPL 20.30 LBBBAEPL 7.02 LBGBAPRL 18.50
WABASL 162.03 WWBASL 10.70 WABAPL 791.51 WWBAFL -38.40 WABANL
1041.54 WWBAML 62.40 WABABL 272.26 WWBABL 60.80 SFHTRR 24.60
SFHBIR 14.50 SFSTRB 20.50 SFSBIR 11.10 GAXARMR 31.10 GTRR 30.10
GELR 26.40 GMNARMR 26.40 LACRADR 35.00 BEPIHUR 7.63 WARATOTR
2225.67 WWBATOTR 119.20 WABASR 147.14 WWBASR 9.60 WABAFR 730,84
WWBAPR -33.00 WABAMR 1069.92 WWBAMR 64.80 WABABR 277.76 W#BABR
65.00 SFHMXFL 14.00 SFHMDFL 15.60 SPSMXFL 14.50 SFSMDFL 12.10
GMXFL 27.30 GMDFL 23.10 GPRSTYL 17.70 GBISTYL 17.30 GDISTYL
17.20 LOLSTYL 28.60 BBISTYL 5.59 WAVATOTL 1116.16 WWVATOTL 83.90
WAVASL 85.49 WWVASL 6.60 WAVAFL 236.04 WWVAPL -9.60 WAVAML
649.16 WWVAML 37.40 WAVABRL 66.00 WWVABRL 18.10 WAVABUL 77.10
WWVABUL 22.70 SFHMXFR 14.50 SFHMDFR 12.90 SPSMXFR 13.40 SFSMDFR
9.70 GHMXFR 26.40 GMDFR 22.40 GPRSTYR 17.30 GBISTYR 17.00 GDISTYR

16.20 LOLSTYR 27.00 BBISTYR 5.80 WAVATOTR 1117.67 WWVATOTR 89.20
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WAVASR 79.96 WHVASR 7.50 WAVAFE 224.08 WWVAFR -8.00 WAVAMR
666.85 WWVAMR 42.00 WAVABRR 68.20 WWVABRR 18.80 WAVABUR 75.90
WWVABUR 22.50 SFHHL 4.60 SFSHL 3.80 GMETACL 19.40 GPHAL3L 5.00
LSTYMETL 8.20 LSTYDACL 19.60 BMETACL 7.92 DMETACL 2.52 WAHATOTL
452.82 ﬂWHATOTi 44.80 WAHSL 86.94 WWHSL 7.00 WAHFL 74.45 WWHFL
0.0 WAHML 179.09 WWHML 17.20 WAHBL 112.35 WWHBL 22.20 SfHHR 4.80
SFSHR 3.20 GMETACR 19.00 GPHAL3R 5.80 LSTYMETR 8.10 LSTYDACR
19.20 BMETACR 8.02 DMETACR 2.52 WAHATOTR 429.57 WWHATOTR 45.90
WAHSR 84.87 WWHSR 7.20 WAHFR 79.42 WHHFR 1.30 HAHMR 144.76 WWHHHMR
9.60 WAHBR 120.52 WWHBR 24.50 SFHANTTL 32.00 SFHREDTL 29.20
SFHPOSTL 31.70 SFHSUPPL 22.80 SFSANTTL 25.00 SFSHEDTL 28.30
SFSPOSTL 27.50 SFSSUPPL 18.00 GUPTHL 56.30 GMDTHL 48.30 GSUPPATL
40.20 GMIDPATL 39.70 LTROTIBL 45.70 BEPIFEL 10,69 WADTOTL
11406. 19 WWDTOTL 258.10 WADSL 519.17 WWDSL 42,00 ®ADFL 4717.53
WWDFL -285.30 WADML 5296-é0 WWDML 290.60 WADBFL 820.50 WWDBFL
171.20 WADBPL 36.70 WWDBPL 7.30 SFHANTTR 23.60 SFHMEDTR 22.6§
SFHPOSTR 30.10 SFHSUPPR 23.90 SPSANTTR 23.40 SFSMEDTR 21.20
SFSPOSTR 27.20 SFSSUPPR 20.70 GUPTHR 57.80 GMDTHR 48.60 GSUPPATR
41.30 GMDPATR 40.70 LTROTIBR 45.90 BEPI?ER 11.00 ¥#ADTOTR
11728.34 WWDTOTR 234,40 WADSR 636.44 WWDSR 40.80 WADFR 4874.50
HWDFR -306.00 WADMR 5368.28 WWDMR 298.40 WADBFR 806.00 WWDBFR
166.70 WADBPR 35.60 WWDBPR £.80 SFHMEDCL 22.70 SPSMEDCL 21.30
GINFPATL 34,90 GMXCAL 35.00 GMNANKL 23.20 GBIMALL 26.30 GMDLEGL
31.00 LTIBMALL 42.70 BCONTIL 10.32 BBIMALL 7.58 WAKTOTL 3252.32
WHKTOTL 199. 10 WAKSL 197.26 WWKSL 18.10 WARKFL 961.06 WWKFL

~48.10 WAKML 1515.35 WWKML 84.70 WAKBTL 495.90 W®KBTL 102.00
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KAKBFL 72.00 ®¥WKBFL 20.40 SFHHEDCR 22.20 SFSHMEDCE 18.30 GINFPATR
36.30 GMXCAR 36.70 GMNANKE 24.20 GBIMALR 26.80 GMDLEGR 32.70
LTIBAALR 40.90 BCONTIR 10.31 BBIMALR 7;63 WAKTOTR 3438, 97
WWKTOTR 209.40 WAKSR 239.94 WWKSE 16.80 WAKFR 1019.18 WWKFR
-50.30 WAKMR 1580,54 WWKMR 85.00 WAKBTR S517.20 WWKBTR 106.20
WAKBFR 72.00 W¥WXBFR 20.50 SPHPFL 0.0 SPSFL 0.0 GMETATL 25.90
GPHALTL 7.20 GARCL 24.20 LMALBALL 6.00 LAKPTEL 27.40 BHEELL 4.85
BMETATL 8.45 DHMETATL 2.65 WAVTOTL 1030.50 WWVTIOTL 86.00 WAVSL
175.20 WWVSL 9.10 WAVFL 181.20 WWVFL -0.30 WAVML 313. 10 ®WVML
13.70 WAVBL 331.00 WWVBL 59.00 SFHFR 0.0 SFSFR 0.0 GMETATR 21.30
GPHALTR 7.80 GARCR 26.90 LMALBALR 6.10 LAKPTER 27.00 BHEELR 5. 14
BHETATR 8.50 DMETATR 2.62 WAVTOTR 1109.50 ¥WVTOTR 83.80 WAVSE
167.70 W¥VSR 10.50 WAVFR 248,00 WWVFR -0.20 WAVMR 318.40 WWVHER
15.40 WAVBR 346.80 WWVBR 61.20 WWGASWT 89.40 WAFLBUPF 6£76.30
WABUPF 549.20 WAFLPF 127.10 WAFLBUPS 596.40 WABUPS 338.10 WAFLPS
258.30 X 0.90 VOLTOT 78460.00 CAWATOTB 79564.94 DIFTOT 535.06
ADJHEAD 34.57 VOLHEAD 4716.46 CDENHEAD 1.10 ADJTR 236.04 VOLTR
36031.04 CDENTR 0.98 ADJBAL 15.15 VOLBAL 2159.45 CDENBAL 1.05
CAWABAL 2223.50 DIFBAL #43.85 ADJBASL 3.13 VOLBASL 151.33 ADJIBAFL
15.31 VOLBAFRL 829.91 ADJBAML 20.14 VOLBAML 979.14 ADJBABL 5.27
VOLBABL 211.47 ADJBAR 14.87 VOLBAR 2106.47 CDENBAR 1.06 CAWABAR
2196.30 DIFBAR 29.37 ADJBASR 1.94% VOLBASR 137.54 ADJIBAFR 9.b64
VOLBAFR 763.84 ADJBAMR 14.12 VOLBAMR 1005.12 ADJBABR 3.67
VOLBABR 212.76 ADJVAL 7.46 VOLVAL 1032.26 DENVAL 1.08 WAVABL
145,47 CAWAVAL 1098.00 DIFVAL 18.1%6 ADJVASL 1.39 VOLVASL 78.89

ADJVAFL 3.84 VOLVAFL 245.64 ADJVAML 10.56 VOLVAML 611.76 ADJVABL
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2.37 VOLVABL 104.67 ADJVAR 7.#7 VOLVAR 7028.47 DENVAR 1.09
WAVABR 146.77 CAWAVAE 1097.30 DIFVAR 20.37 ADJVASR 1.46 VOLVASR
72.46 ADJVAFR 4.08 VOLVAFR 232.08 ADJVAMR 12.15 VOLVAMR 624.85
ADJVABR 2.67 VOLVABR 52.07 ADJHAL 3.02 VOLHAL 408.02 CDENHAL
1.11 CAWAHAL 43&.90 DIFHAL 17.92 ADJHASL 3.44 VOLHASL 79.9%4
ADJHAFL 2.95 VOLHAFL 74.45 ADJHAML 7.09 VOLHAML 167.89 ADJHABL
4.45 VOLHABL 90.15 ADJHAR 2.87 VOLHAR 383.67 CDENHARBR 1.12°
CAWAHAR #02.40 DIFHAR 27.17 ADJHASR 5.37 VOLHASR 77.67 ADJHAFR
5.02 VOLHAFR 78.12 ADJHAMR 9.16 VOLHAMR 135.16 ADJHABR 7.62
VOLHABR 96.02 ADJDL 76.19 VOLDL 1?1Q8.09 DENDL 1.02 WADBL 873.29
CA¥ADL 11195.99 DIFDL 210.20 ADJIDSL 9.57 VOLDSL 477.17 ADJDFL
86.94 VOLDFL 5002.83 ADJDML 97.60 VOLDHML 5005.59 ADJDBL 16.09
VOLDBL 694.79 ADJDR 78.34 VOLDR 11493.94 DENDR 1.02 WADBR 849.13
CAWADR 11624.39 DIFDR 103.95 ADJIDSR 5.64 VOLDSR 595.64 ADJDFR
43.20 VOLDFR 5180.50 ADJDMR #7.58 VOLDMR 5069.88 ADJIDBR 7.53
VOLDBR 646.83 ADJKL 21.73 VOLKL 3053.22 DENKL 1.07 ®AKBL 578;65
CAWAKL 3191.90 DIFKL 60.43 ADJKSL 3.67 VOLKSL 175.16 ADJKFL
17.86 VOLKFL 1009.16 ADJKML 28.15 VOLKHL 1430.65 ADJKBL 10.75
VOLKBL 456.25 ADJKR 22.97 VOLKR 3229.57 DENKR 1.06 WAKBR 599.30
CAWAKR 3381.00 DIFKR 57.97 ADJKSR 4.04 VOLKSR 223.14 ADJKFR
17.18 VOLKFR 1069.48 ADJKMR 26.64 VOLKHER 1495.54 ADJKBR 10.10

VOLKBR 421.10

DATA for CASE NUMBER 5
SEQNUM 5. SUBFILE SS5.D CASWGT 1.0000 SUBNUA 7.00 SEX 2.00 DOB

3.00 DODEM 83.00 AGEATDEM 79.00 DOANTHR 30483.00 DODISS 2583.00
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LTOTHANG 151.50 LTOTSUS 151.50 LTOTSUP 149.90 WATBBWW 49100.00
WATBAWW 49150.00 WALUNH20 50.00 WWCADCF 6100.00 WWCF 6300.00
WNCAD -200.00 WATBBDI 49000.00 HGFHD 53.90 HGNAS 53.80 HGMAND
#1.00 HLVERTRA 11.30 HLVERMEN 19fﬂ0 HLVERMAS 14.60 HLINC7 13.70
HBBITRA 13.10\HBBIZY 11.20 HDINGLAB 17.80 WAHEAD 3481.82 WWHEAD
266.00 SFHSUBL 15.40 SFSSUBL 13.50 TSFHAXL 26.50 TSFHXIL 13.30
TSFHICL 17.70 TSFHSSL 13.80 TSFHABL 17.10 TSFSAXL 20.10 TSFSXIL
14,00 TSFSICL 16.10 TSPSSSL 9.80 TSFSABL 12.70 TGAX 82. 60
TGMESOST 84.20 TGTHBF 75.90 TGXIPH 76.40 TGWAI 75.60 TGHIP 86.30
TLC7CO 54.30 TBBIAC 30.30 TBMESOST 25.70 TBXIPH 23.30 TBBIILCR
27 .40 TBBITROC 30.00 DAPCHMES 18.20 DAPCHXI 18.“3 DBUTT 19.10
NGSUPTHY 32.70 NGINFTHY 31.00 WATR 21218.86 HWTRECEF 5355.00
WWCEF 6355.00 WHWTR ~1000.00 SFHSUBR 14.30 SPSSUBR 10.30 TSFHAXR
11.80 TSFHXIR 16.80 TS?HICB 15.10 TSFHSSR 12.80 TSFHABR 14.60
TSFSAXR 8.30 TSFSXIR 14.00 TSFSICR 13.70 TSPSS5SR 9.70 TSFSABR
11.50 SFHTRL 33.60 SFHBIL 15.60 SPFSTRL 26.80 SFSBIL 14.40 |
GAXARML 27.60 GTRL 27.00 GELL 24.50 GMNARML 26.20 LACRADL 28.40
BEPIHUL 6.30 WABATOTL 1508.29 WWBATOTL 32.40 LBGBAAXL 15.30
LBGBATRL 14.30 LBGBAEPL 16.80 LBBBAEPL45.80 LBGBAPRL 14.40
WABASL 95.20 WWBASL 4.90 WABAFL 758.74 WWBAFL -38.90 WABAHNL
481.48 WWBAML 26.30 WABABL 172.88 WWBABL 29,70 SFHTRR 26.00
SFHBIR 10.10 SFSTRR 21.40 SPSBIR 8.20 GAXARMR 26.30 GTRR 26.30
GELR 271.00 GMNARMR 23.40 LACRADR 30.10 -BEPIHUR 5.71 WABATOTR
1390.46 WWBATOTR 21.30 WABASR 94.63 WWBASR 3.20 WABAFR 679.27
WWBAFR -42.90 WABAMR 445.06 WWBAMR 20.50 WABABR 171.50 WWBABR

28.50 SFHMXFL 11.90 SFHMDFL 11.70 SFSHXFL 12.20 SFSMDFL 11.30
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GHXFL 23.40 GMDFL 20.30 GPRSTYL 16.20 GBISTYL 15.60 GDISTYL
15,20 LOLSTYL 22.20 BBISTYL 4.97 WAVATOTL 732.04 WWVATOTL 43,80
WAVASL 67.18 WWVASL 1.20 WAVAFL 262.25 WWVAFL -8.,00 WAVAML
307.81 WWVANL 18.70 WAVABRL 40.00 WWVABRL 9.10 WAVABUL 45.10
WWVABUL 11.GD\SfHﬂXFR 8. 60 SFHHDFR 6.80 SFSMXFR 5.50 SFSHDFR
5.40 GMXFR 22.00 GMDFR 16.50 GPRSTYR 13.90 GBISTYR 1&.06 GDISTYR
13.10 LOLSTYR 22.80 BBISTYR 4.92 WAVATOTR 547.28 WWVATOTR 32.30
WAVASR 31.46 WWVASR 2.00 WAVAFR 147.42 WWVAPR -10.40 WAVAMR
278.38 WHVANMR 15.20 WAVABRR 40.50 WWVABRR 9.40 WAVABUR 45.90
WWVABUR 11.30 SPHHL 4.50 SFSHL 2.50 GMETACL 16.80 GPHAL3L 5.40
LSTYMETL 6.40 LSTYDACL 15.80 BMETACL 6.66 DMETACL 2.29 WAHATOTL
300.16 WWHATOTL 24.70 WAHSL 67.67 WWHSL 3.20 WAHFi 61.87 WWHFL
~0.50 WAHML 93.27 WWHML 5.20 WAHBL 77.34 WWHBL 10.70 SFHHR 1.60
SFSHR 1.20 GMETACR 16.50 GPHAL3R 5.40 LSTYMETR 6.30 LSTYDACR
15.70 BMETACR 6.65 DMETACR 1.95 WAHATOTR 241.04 WWHATOTR 21,20
WAHSR 51.75 WWHSR 2.40 WAHFR 44,62 AWHFR ~0.50 WAHHR 68.82 SQHHR
4.50 WAHBR 75.85 WWHBR 10.60 SFHANTTL 19.30 SFHMEDTL 34.10
SFHPOSTIL 37.80 SFHSUPPL 20.60 SFSANTTL 15.50 SFSMEDTL 30.10
SFSPOSTL 36.20 SFSSUPPL 19.10 GUPTHL Q5;70 GMDTHL 40.20 GSUPPATL
37.60 GMIDPATL 36.50 LTROTIBL 34.30 BEPIFEL 9.65 WADTOTL 7260.55
WWDTIOTL ~22,.00 WADSL 442,94 WWDSL 13,60 WADFL 4190.09 WWDFL
°299.19 WADML 2128.39 WWDML 77.60 WADBFL 464.60 WWDBFL 83.00
WAﬁBPL 15.90 WWDBPL 1,90 SFHANTTR 17.50 SFHMEDTR 40.80 SFHPOSTR
43.80 SFHSUPPR 20.70 SFSANTTR 15.10 SFSHEDTR 33.90 SFSPOSTR
39.10 SPSSUPPR 22.30 GUPTHR 44.10 GMDTHR 41.30 GSUPPATR 38.30

GMDPATR 38.00 ‘LTROTIBR 33.10 BEPIFER 9.76 WADTOTR 7290.97
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WUDTOTR -12.60 WADSR 394.07 WWDSR 22.10 WADFR 4300.75 WWDFR
~268.,70 WADMR 2100.55 WWDMR 76.10 WADBFR 460.70 WWDBFR 79.00
WADBPR 16.70 WWDBPR 2.20 SFHMEDCL 24.60 SFSHEDCL 30.10 GINFPATL
30.30 GMXCAL 30,50 GMNANKL 18.80 GBIMALL 22.90 GMDLEGL 24.60
LTIBNALL 3@.26 BCONTIL 8.29 BBIMALL 6.40 WAKTOTL 1809.76 WWKTOTL
78. 20 WAKSL 100.57 WWKSL 6.00 WAKFL 672.94 WWKFL -37.7QIHAKHL
694.17 WWKML 29.50 WAKBTL 288.50 WWKBTL 46.80 WAKBFL 43.50
WHKBFL 9.80 SFHMEDCR 25.60 SFSMEDCR 14.560 GINFPATR 32.10 GMXCAR
31.70 GHNANKR 19.10 GBIMALR 24,00 GMDLEGR 24.50 LTIBMALR 36.00
BCONTIR 10,30 BBIMALR 6.40 WAKTOTR 1895.86 WWKTOTR 78.20 WAKSR

- 107.57 WWKSR 4.00 WAKFR 784.37 WWKFR -27.30 WARKMR 642.97 WWKMR
28,50 WAKBTR 282.00 WWKBTR 41.50 WAKBPR 45.50 WWKBFR 9.20 SFHFL
3.30 SPSFL 2.30 GMETATL 19.60 GPHALIL 7.00 GRBCL‘23.00 LMALBALL
6.80 LAKPTEL 21.00 BHEELL 5.21 BﬁETATL 7.45 DMETATL 1.84 WAVTOTL
656.00 WHVTOTL 32.40 WAVSL 94.10 WWVSL 5.30 WAVFL 206.00 WWVFL
-0.90 WAVML 145.20 WWVML 5.00 %AVBL 180.00 WW®VBL 17.30 SEHYR
2.90 SFSFR 2.10 GMETATR 19.90 GPHALIR 7.00 GARCR 21.60 LMALBALR
6.80 LAKPTER 20.30 BHEELR 5.31 BMETATR 7.32 DMETATR 2.05 WAVTOTR
648.60 WRVTOTR 28.80 WAVSR 79.20 WWVSR 5.40 WAVFR 230.00 WWVFR
-3.60 WAVHMR 174.90 WHVHR 4,30 WAVBR 175.20 WWVBR 13.80 WWGAEWT
89.70 WAFLBUPF 903.40 WABUPF 639.50 WAFLPF 263.90 WAFLBUPS
795.0Q WABUPS 632.30 WAFLPS 162.70 X 1.60 VOLTOT 49200.00
CA¥ATOTB ﬂ8321.39 DIFTOT 678.61 ADJHEAD 4B8.22 VOLHEAD 3215.82
CDENHEAD 1.08 ADJTR 293.87 VOLTR 22218.86 CDENTR 0.95 ADJBAL
20.89 VOLBAL 1475.89 CDENBAL 1.02 CAWABAL 1429.10 DIFBAL 79.19

ADJBASL 5.00 VOLBASL 90.30 ADJBAFL 39.84 VOLBAFL 797.64 ADJBAAL
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25.28 VOLBAML #55.18 ADJBABL‘g.QB VOLBABL 143.18 ADJBAR 19.26
VOLBAR 1369.16 CDENBAR 1.02 CAWABAR 1345.90 DIFBAR U44.56 ADJIBASR
3.03 VOLBASE 91.43 ADJBAFR 21.77 VOLBAFR 722.17 ADJIBAMR 14.26
VOLBAHR 424.56 ADJBABR 5.50 VOLBABR 143,00 ADJVAL 10.14 VOLVAL
688.24 DENVAL\i.GG WAVABL 94.81 CAWAVAL 657.10 DIFVAL 74.94
ADJVASL 6.88 VOLVASL 65.98 ADJVAFL 26.85 VOLVAFL 270.2SVADJVAHL
31.51 VOLVAML 289.11 ADJVABL 9.7 VOLVABL 74,71 ADJVAR 7.58
VOLVAR 514.98 DENVAR 1.06 WAVABR 90.02 CAWAVAR 525.30 DIFVAR
21.98 ADJVASR 1.26 VOLVASR 29.46 ADJVAFR 5.92 VOLVAFR 157.82
ADJVAMR 11. 18 VOLVAHMR 263,18 ADJVABR 3.62 VOLVABR 34.72 ADJHAL
4.16 VOLHAL 275.46 CDENHAL 1.09 CAWAHAL 263.90 DIFHAL 36.26
ADJHASL 8.17 VOLHASL 6#.47’ADJHAFL 7.47 VOLHAFL 62.37 ADJHAML
11.27 VOLHAML 88.07 ADJHABL 9.34 VOLHABL 66.64 ADJHAR 3.34
VOLHAR 219.84 CDENHAR 1.10 CAWAHAR 216.10 DIFHAR 24.94 ADJHASR
5.35 VOLHASR 49.35 ADJHAFR 4.62 VOLHAFR 45.12 ADJHAMR 7.12
VOLHAMR 64.32 ADJHABR 7.85 VOLHABR 65.25 ADJDL 100.55 VOLDL
7282.55 DENDL 1.00 WADBL 499.14 CAWADL 6989.39 DIFDL 271.16
ADJDSL 16.54 VOLDSL 429.34 ADJDFL 156.49 VOLDFL 4439.18 ADJDHL
79.49 VOLDNL 2050.79 ADJDBL 18.6%4 VOLDBL 414,24 ADJDR 100.97
VOLDR 7303.57 DENDR 1.00 WADBR 495.60 CAWADR 7023.19 DIFDR
267.78 ADJIDSR 14.47 VOLDSR 371.97 ADJDFR 157.96 VOLDFR 4569.45
ADJDMR 77.15 VOLDME 2024.45 ADJDBR 18.20 VOLDBR 399.90 ADJKL
25.06 VOLKL 1731.56 DENKL 1.05 WAKBL 342.09 CAWAKL 1756.40 DIFKL
53.36 ADJKSL 2.97 VOLKSL 94%4.57 ADJKFL 19,84 VOLKFL 710.64 ADJKHL
20.47 VOLKML 664.67 ADJKBL 10.09 VOLKBL 285.49 ADJKR 26.26 VOLKR

1817.66 DENKR 1.04 WAKBR 360.94 CAWAKR 1720.20 DIFKR 175.66
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ADJKSR 9.97 VOLKSR 103.57 ADJKFR 72.67 VOLKFR 811.67 ADJKMR

59.57 VOLEMR 614.47 ADJKBR 33.44 VOLKBR 273.9u4

DATA for CASE NUMBER 6

SEQNUM 6. SUBfILE 5S.D CASWGT 1.,0000 SUBNUM 113.00 SEX 2.00 DOB
2.00 DODEM 81.00 AGEATDEM 79.00 DOANTHR 3583.00 DODISS‘ﬂ583.00
LTOTHANG 165.00 LTOTSUS 165.00 LTOTSUP 162.00 WATBBWY¥ 5%5700.00
WATBAWW 55900.00 WALUNH20 200.00 WACADCF 7615.00 WWCF 6£355.00
WWCAD 1260.00 WATBBDI 55750.00 HGFHD 55.40 HGNAS 56.00 HGUAND
44 .00 HLVERTRA 12. 10 HLVERMEN 22.50 HLVERMAS 16.10 HLINC7 13.30
HBBITRA 14.70 HBBIZY 13.40 HDINGLAB 17.80 WAHEAD 4329.48 WWHEAD
287.60 SPHSUBL 14.00 SfSSUBL 13.40 TSFHAXL 9.60 TSFHXIL 13.20
TSFHICL 11,70 TSFHSSL 7.80 TSFHABL 7.30 TSFSAXL 6.80 TSFSXIL
15.50 TSFSICL 12.90 TSFSSSL 7.50 TSFSABL 8.70 TGAX 89.50
TGMESOST 89.10 TGTHBF 79.00 TGXIPH 79.00 TGWAI 73.20 TGHIP 92.50
TLC7CC 56,90 TBBIAC 36.00 TBMESOST 27.70 TBXIPH 24.70 TBBIIiCR
31.50 TBBITROC 34.10 DAPCHMES 17.60 DAPCHXI 16.60 DBUTT 18.70
NGSUPTHY 31.60 HNGINFTHY 33.20 WATR 25083.55 WWTRECEF 6585.00
WWCHF 6553.00 WHTR/32.00 SFHSUBR 22.00 SFSSUBR 18.50 TSFHAXR
11.50 TSPHXIEK 15.70 TSFHICR 16.70 TSFHSSR 10.40 TSFHABR 8.20
TSFSAXRE 10.80 TS%SXIR 14.10 TSPSICR 11.40 TSFSSSR 7.40 TSFSABR
6.50 SFHTRL 20.90 SFHBIL 9.10 SFSTRL 18.30 SPSBIL 9.90 GAXARHL
27.30 GTRL 24.00 GELL 21.50 GMNARML 21.60 LACRADL 34.20 BEPIHUL
6.71 WABATOTL 1449.43 W¥WBATOTL 39.90 LBGBAAXL 0.0 LBGBATRL 0.0
LBGBAEPL 0.0 LBBBAEPL 0.0 LBGBAPRL 0.0 WABASL 92.20 WWBASL 5.30

WABAFL 629.20 WWBAFL -29.10 WABAML 536.80 WWBAML 26.30 WABABL
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191.23 WWBABL 134,60 SFHTRR 26.80 SFHBIR 11,20 SFSTBR 22.50
SFSBIR 10.50 GAXARMR 25.00 GTRR 24.30 GELER 21.70 GMNARME 21.40
LACRADR 34.10 BEPIHUR 5.91 WHABATOTR 1544.171 YWBATOTR 41.00
WABASR 95.97 WWBASR 6. 10 WABAFR 652.50 WWBAPFPR -33.90 WABAHR
596.70 HHBAHR\26.70 WABABR 198.94 WWBABR 35.60 SFHHXFL 11.10
SFHMDFL B8.50 SFSMXFL 10.70 SFSHDFL 3.40 GMXPFL 21.20 GHDfL 16.50
GPRSTYL 14,30 GBISTYL 14.80 GDISTYL 14,70 LOLSTYL 26.20 BBISTYL
5.10 RAVATOTL 616.36 WWVATOTL 46.00 ﬂAVASL 59.11 WWVASL 3.40
WAVAFL 135.25 WHWHVAFL -2.80 WAVANL 311.70 WWVAML 16.00 WAVABRL
46.80 WWVABRL 11.20 WAVABUL 54,90 WWVABUL 14,70 SFHMXFR 14.80
SFHMDFR 6.60 SFSHMXFR 131.40 SFSHDFR 6.40 GHMXFR 21.60 GMDFR 17.00
GPRSTYR 14. 30 GBISTYR 14.70 GDISTYR 14,60 LOLSTYR 26.30 BBISTYR
5.18 WAVATOTR 7217.20 WWVATOTR 53.00 HAVASR 70.42 WHVASR 2.60
WAVAFR 152.71 WHYAFR -3.60 WAVAMR 381.71 WWVANR 18.10 WAVABRER
46.60 WWVABRR 12.20 WAVABUR 60.30 WWVABUR 16.40 SFHHL 2.50 SFSHL
2.20 GMETACL 17.90 GPHAL3L 5.90 LSTYMETL 7.10 LSTYDACL 17.00.
BMETACL 7.06 DMETACL 2.57 WAHATOTL 341.95 WWHATOTL 27.10 WAHSL
55.42 WWHSL 4.10 WAHFL 106.73 WWHFL 0.40 WAHML 100.84 WWHEL 5.70
WAHBL 78.96 WW¥HBL 13.00 SFHHR 1.50 SFSHR 1.50 GMETACR 17.40
GPHAL3R 5.60 LSTYMETR 7.40 LSTYDACR 17.50 BMETACR 7.04 DMETACR
2.21 WAHATOTR 306.37 WWHATOTR 28.60 WAHSR 59.95 HWHSR 4.70 WAHFR
93.34 WWHFR 1.70 WAHMR 69.77 WNWHMR 4.50 WAHBR 83.31 WWHBR 15.60
SFHANTTL 20.90 SFHMEDTL 31.20 SFHPOSTL 31.90 SFHSUPPL 20.50
SFSANTTL 18.50 SFSMEDTL 29.20 SPSPOSTL 26.40 SPSSUPPL 22.10
GUPTHL 43.60 GHDTHL 35.70 GSOPPATL 33.40 GHMIDPATL 34.90 LTROTIBL

44.50 BEPIFEL 9.50 WADTOTL 8031.16 WWDTOTL 95.40 WADSL 452.6u4
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HQDSL 22.90 WADFL 3880.44 HHDFL ~-172.80 WADML 3017.08 WWDNML
86.20 WADBFL 612.10 WWDBFL 126.80 WADBPL 23.10 WW¥DBPL 4.80
SFHANTTR 20,50 SFHMEDTR 31.60 SFHPOSTR 33.20 SFHSUPPR 22.50
SFSANTTR 17.70 SPSMEDTR 24.80 SFSPOSTR 27.20 SFSSUPPR 15.70
GUPTHR 45.00 éHDTHR 37.30 GSUPPATE 34.60 GHDPATR 35.20 LTROTIBR
43.60 BEPIFER 8.94 WADTOTR 7659.25 WWDTOTR 85.70 HADSRVRQ7.93
WWDSR 25.00 WADFR 3716.43 WWDFR -171.00 WADMR 2847.16 WWDMR
27.80 WADBFR 590.50 WWDBFR 118.60 WADBPR 23.50 WWDBPR 4.60
SFHHEDCL 26.20 SFSMEDCL 20.10 GINFPATL 30.40 GMXCAL 29.80
GMNANKL 21.00 GBIMALL 26.20 GMDLEGL 26.30 LTIBMALL 38.10 BCONTIL
8.88 BBIHALL 6.43 HAKTOTL 2224,30 WWKTOTL 95.80 WAKSL 131.77
¥YKSL 3.40 WAKFL 833.83 WWKFL -26.10 WAKML 803.871 WWKML 24.70
WAKBTL 337.90 WWKBTL 62.90 WAKBFL 51.50 WWKBFL 11.20 SFHMEDCR
2&.#0 SFSMEDCR 18.10 GINFPATR 30.80 GMXCAR 30.00 GMNANKR 18.50
GBIMALR 24. 10 GMDLEGR 23.90 LTIBMALR 37.60 BCONTIR 9.04 BBIMNALR
6.47 WAKTOTR 1933.41 WWHKTOTR 97.10 WAKSR 92.69 ¥WHEKSR 4.60 HAKFR
750.85 WWKPR -33.20 WAKMR 671.52 WWKMR 28.20 WAKBTR 327.80
WWHKBTR 60.90 WAKBFR 63.50 WWKBFR 16.70 SFHPL 5.00 SFSFL 3.50
GMETATL 21.70 GPHALIL 6.90 GARCL 24.50 LMALBALL 6.60 LAKPTEL
22.80 PBHEELL 6.16 BMETATL 8.35 DMETATL 2.47 WAVIOTL 775.40
HAVIOTL 30,30 WAVSL B88.30 WWVSL 5.70 WAVFL 269.20 WWVFL -1.60
WAVAL 144,70 WWVML 5.00 WAVBL 202.30 WWVBL 26.73 SFHFR 4.90
SFSFR 3.40 GMETATR 22. 1) GPHALTR 7.70 GARCR 24.40 LMALBALR 6. 40
LARKPTER 22.20 BHEELER 5.76 BMETATR 8.71 DMETATR 2.95 WAVTOTR
726.30 WWVIOTR 42.30 WAVSR 104.20 WWVSR 7.30 WAVFR 204.20 WWVFR

-4.00 WAVHR 178.30 WWVHAR 7.30 WAVBR 205.20 HWVBR 27.30 WWGAGBNWT
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89.20 WAFLBUPF 1601.00 WABUPF 721.40 WAFLPF 879.60 WAFLBUPS 0.0
WABUPS 0.0 WAFLPS 0.0 X 3.00 VOLTOT 54490.00 CAWATOTB 55464.29
DIFTOT 285.71 ADJHEAD 22.19 VOLHEEAD 4041.89 CDENHEAD 1.07 ADJTR
128.55 VOLTR 25051.55 CDENTR 1.0Q ADJBAL 7.43 VOLBAL 1409.53
CDENWBAL 1.03 éAHABAL 1422.70 DIFBAL 26.73 ADJBASL 1.70 VOLBASL
86.90 ADJBAFL 11.60 VOLBAFL 658.30 ADJBANL 9.90 VCLBAML 510.50
ADJBABL 3.53 VOLBABL 156.63 ADJBAR 7.9%1 VOLBAR 1503.11 CDENBAR
1.03 CAWABAR 1502.70 DIFB#R 41.41 ADJBASR 2.57 VOLBASR 89.87
ADJBAPR 17.50 VOLBAFR 686.40 ADJBAMR 16.00 VOLBAMR 570.00
ADJBABR 5.34 VOLBABR 163.34 ADJVAL 3.16 VOLVAL 570.36 DENVAL
1.08 WAVABL 110.30 CAWAVAL 568.30 DIPVAL 48.06 ADJIVASL 4.61
VOLVASL 55.71 ADJVAFL 10.55 VOLVAFL 138.05 ADJVAML 24.30 VOLVANL
295,70 ADJVABL 8.60 VOLVABL 84.40 ADJVAR 3.70 VOLVAR 668.20
DENVAR 1.08 WAVABR 116.35 CAWAVAR 662.60 DIFVAR 58.60 ADJVASR
5.72 VOLVYASR 67.82 ADJVAFR 12.41 VOLVAFR 156.31 ADJVANR 31.01
VOLVAMR 363.61 ADJVABR 9.45 VOLVABR 43.85 ADJHAL 1.75 VOLHAL‘
314.85 CDENﬁAL 1.09 CAWAHAL 307.90 DIFHAL 34.05 ADJHASL 5.52
VOLHASL 51;32 ADJHAFL 10.63 VOLHAFL 106.33 ADJHAML 10.04 VOLHAHL
95.1& ADJHABL 7.86 VOLHABL 65.96 ADJHAR.1.57 VOLHAR 277.77
CDENHAR 1.10 CAWAHAR 287.20 DIFHAR 19.17 ADJHASR 3.75 VOLHASE
55.25 ADJHAFR 5.84 VOLHAFR 91.64 ADJHAMR 4.37 VOLHAMR 65.27
ADJHABR 5.21 VYOLHABR 67.71 ADJDL 41.16 VOLDL 7935.75 DENDL 1.01
WADBL 680.99 CAWADL 7491.10 DIFDL 540.06 ADJDSL 30.44 VOLDSL
429.74 ADJDFL 260.94 VOLDFL 4053.24 ADJDML 202.89 VOLDML 2930.88
ADJDBL 45.79 VOLDBL 549.39 ADJDR 39.25 VOLDR 7573.55 DENDR 1.01

WADBR 647.73 CAWADR 7260.40 DIFDR 398.85 ADJDSR 23.33 VOLDSR
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422.93 ADJDFR 193.53 VOLDFR 3887.&3 ADJDMR 148.26 VOLDMR 2819.36
ADJDBR 33.73 VOLDBR 505.63 ADJKL 11.40 VOLKL 2128.50 DENKL 1.05
WAKBL 454,88 CAWAKL 1904.10 DIFKL 320.20 ADJKSL 18.97 VOLKSL
128.37 ADJKFL 120.03 VOLKFL 859.93 ADJKHL 115.71 VOLKHML 779.11
ADJKBL 65.48 QOLKBL 380.78 ADJKR 9.91 VOLKR 1836.31 DENKR 1.05
WAKBR 418.35 CAWAKR 1808.40 DIFKR 125.01 ADJKSR 5.99 VOiKSR
88.09 ADJKFR 48.55 VOLKFR 784.05 ADJKMR 43.42 VOLKMR 643.32

ADJKBR 27.05 VOLKBR 293.95
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APPENDIX 6 — ANTHROPCHETRIC PECFOREA

BASIC ANTHROPOMETRIC PROFORMA

Kinanthropometric Research Associates
Department of Kinesiology
Simon Fraser University

01. Subject . 1 1111
02. Card Nuinber Lo el | (Ot 6 |1
03. identity 7 Sex f =2 m=1, 8 checker number 7
04. Date of observations Year D:] mo. []:] day D:] 9
5. Date of birth Yer ™ 1] mo.[T] day [ 14
gG. Measurement sequence no. ] ] (] 19
07. Body mass 20
08. Stature (stretched) : 24
09. Triceps sf L.t - -- - %.-.....r... 28
10. Subscapular sf R S | e 31
11. Biceps sf S N S . I T 34
12. Wecerest st L 3 Y ) L__l 1. R S 37
13. Supraspinale sf T S L. I S 40
9. Abdominat sf |l _t & | | 1] N U O "
15. Front thigh sf T I . . N I 46
16. Medial calf sf : 49
17. Acromial height Lot bl L LTl s2
18. Radial height cebededead becdeedbedeed bl o] B8
19. Stylion height e b beodeadiodod pe-dldl]l] 60
20. Dactylion height beedecbocdecd) bt o boolo . 1.l e4
21. Spinale height o _..] 68
22. Trochanterion height . IO U I d-.d 72
23. Tibiale (laterale) height 76
24. Subject 1 1
25, Card Number 6|2
26. Arm girth relaxed S S 7
27. Arm girth flexed and tensed __ | __|__1 _| I N I, T 10
28. Forearm girth (max. relaxed)__ |__]__1 | N N o I S 13
29, Wrist girth (distal styloid) 16
30. Chest girth (mesosternale) ___ 4 . 19
31. Waist girth {min.) ' 23
32. Gluteal girth {(max.) _ 27
33. Thigh girth {1 cm dist. glut.line} 31
34. Calf girth (max} 34
35. Ankle girth ) 37
36. Biacromial breadth " 40
37. Biiliocristal breadth . 43
" 38. Transverse chest breadth 46
39. Foot length (ak—pte) 49
40. Humerus width 52
41. Femur width 56
42. Sitting height 60
43. Anterior-posterior. chest depth_ : 64
44, Head girth 67
| 45. Neck girth 70
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APPENDIX 7 ~ PHANTOM P AND S VALUES FOR ANTHROPOMETRIC VARIABLES

USED IR THE MODEL

p s
Forehead girth 56.0 1.44
Mesosternale girth 87.86 5.18
Trunk length 59.97 3.7
Biiliocristal breadth 28.84 1.75
Waist girth 71.91 4,45
Abdominal skinfold 25.4 7.78
Relaxed arm girth 26.89 2.33
Epicondylar humerus breadth 6.48 0.35
dcromiale-radiale length 32.53 1.77
Triceps skinfold 15.4 4,47
Forearm girth 25.13 1. 41
Wrist girth 16.38 0.72
Radiale-stylion length 24,57 1. 37
Stylion-dactylion length 18.85 0.85
Thigh girth 55.82 4.32
Epicondylar femur breadth 9.52 0.48
Thigh length ) 35.44 2.12
Thigh skinfold 27.04 8.33
Calf girth 35.25 2.30
Tibiale height 44,82 2.56
Ankle girth 21.71 1.33
Medial calf skinfold 16.01 4.67
Foot length skinfold 25,5 1. 16

where: Skinfolds are in millimeters.
All lengths, breadths, girths
and heights are in centimeters.
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APPENDIX 8 - CALCULATION OF SEGHERT WEIGHTS AS PERCENTAGES OF

TOTAL BODY WEIGHT.

MiniCAS Data Amalysis

¥ATBBDI PERHEAD PERTRUNK PERARM PERFARM

1 43600.0 8.5 6.4 2.4 1.4
2 ©66300.0 6.8 50.5 2.5 1.3
3 50900.0 7.3 47.7 2.9 1.3
4 80100.0 6.5 4a.1 2.8 1.4
5 49000.0 7.1 43.3 3.0 1.3
6 55750.0 7.8 45. 0 2.7 1.2
57608.3 7.32 46,16 2.71 1.33
13418.0 0.72 2.63 0,22 0.08
43600.0 6.5 43.3 2.4 1.2
80100.0 8.5 50.5 3.0 1.4
PERHAND PERTHIGH PERLEG PERFOOT

1 1.0 11.2 4.0 2.5

2 0.5 12.5 3.3 1.2

3 0.5 13.4 3.1 1.3

4 0.6 4.4 4.2 1.3

5 0.6 14.8 3.8 1.3

5 C.6 14.1 3.7 Ta 8

0.62 13. 41 3.569 1.51

0.19 1.37 C.41 0.49

0.5 11.2 3.1 1.2

1.0 4.8 4.2 2.5
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CLAUSER Data Analysis

WATBBDI PERHEAD PERTRUNK PERARH
1 67152.0 7.6 46.4 3.0
2 54000.0 8.1 47.8 2.7
3 60490.0 7.3 49.5 2.5
4 87885.0 5.9 51.6 2.6
5 761u40.0 6.4 49.0° 2.7
6 69850.0 7.6 51.6 2.7
7 66400.0 7.4 52.0 2.2
8 74320.0 6.5 50.5 2.6
9 65798.0 7.3 52.7 2.4
10 58588.0 7.4 48.8 2.4
11 62428.0 7.0 52.2 2.9
12 57326.0 7.6 48.7 2.4
13 54375.0 7.2 49.2 2.8
M 66517.9 7.18 49.99 2.60
5 9050.4 C.60 1.94 0.23
M 54000.0 5.9 46.4 2.2
M 87865.0 - 8.1 52.7 3.0
PERHAND PERTHIGH PERLEG
1 0.6 11.0 4.9
2 0.6 10.7 3.9
3 0.7 9.9 5.0
) 0.5 10.7 3.9
5 0.7 10.4 4.4 -
6 0.6 9.5 4.1
7 G.5 8.9 4.3
8 0.5 11.3 3.9
9 0.8 8.7 4,2
10 0.6 10.8 4.2
11 ‘0.8 8.7 3.9
12 0.7 10.4 4.7
13 0.7 10.6 4.2
H 0.64 10.13 4.29
S 0.08 0.88 0.38
B 0.5 8.7 3.9
M 0.8 11.3 5.0
SUMMARY COMPARISON: MEAN PERCENTAGES.
WATBBDI PERHEAD  PERTRUNK PERARY
MCAS: 57608.3 7.32 46. 16 2.71
CL: 66517.9 7.18 49.99 2.560
PERHAND PERTHIGH PERLEG
MCAS: G.62 13. 41 3.69
CL: 0.64 10.13 4.29
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APPENDIX 9 - APPLICATION OF MCREG TO CAS SAHNPLE

Hean
S.D.
Minima
Maxima
PDHDTR
1 12.38
2 -9.06
3 ~3.62
) 1. 14
5 ~1.386
6 2. 41
7 6.83
8 4.18
9 -14,22
10 -4, 36
LR | 999999
12 -. 86
13 999999
14 -5.65
15 ~2.68
16 -8,28
17 -6.05
18 6. 82
19 -13.50
20 4,39
21 -10. 04
22 ~11.29
23 -25.08
" -3.73108
S - B.6715
# -25.08
b

12.38

CAS Data Analysis

MCREGCAS applies mcreg to the CAS data,

predicting segment masses,

sumrming limb segments and comparing

these to observed values,

WATBBDI

64195.7
11356.3
48200.0
88900.1

PDUL

26.22
-11.52
-8.71
-12.76
-5.81
-7.43
-2.90
-1.38
-3.04

-5.69

-1.26
-6. 87
~9. 15
~2.86
-2.41
-8.23
-5.54
-6.72
-+ 35
=725
-14.11
~.52
-18. 21

-5.1067
8.2162
-18. 21

26.22

PRTOT

60675.3
8349.76
47334.3
T74630.6

PDLL

-4.94
-7.08
-12.29
=2.71
1. 90
5.26
-1.03
-11.69
-9.90
-9.70
~7.15
-2.16
1.34
-12.30
--1‘3
-18.91
-2.11
-11.91
-11.24
-5.60
-15. 21
-7.22
-15.63

-7.1610
6.5846
-19.63

5.26
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PDISCREP

~5.3717
6.6101
=22. 14

6.76

PDUL {BARTER) *

1.418%
6.57*
6.99%
10.34%
~0.95%
1.04x*
=3.54x*
17.45%
14.39%
1.07%
13.96%
9.32%
~3.82%
30.89%
13.65%
16.83%
11. 4%
- 8.63%
32.18%
16.79%
12.75%
25, 10%
1.54%

10.60%"
9.95%

~3.82%

32.18%



SUMMARY
Application of MCREG to CAS Data.

Mean

SaDa

Minima

Maxima
PDHDTE

S 8.6715

H “25- 98

M 12.38

WATBBDI

64195.7
11356.3
48200.0
88900.1

PDUL

-501067

8.2162
26.22

PRTOT

60675.3
8349.76
47334.3
74630.%6

PDLL
~-7.1610
6.5846

-19.63
5.26
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PDISCREP

=-5.3717
6.6101
-22.14
6.76

PDUL { BARTER) *

10.60%

9.95%
-3.82%
32.18%



APPENDIX 10 - APPLICATION OF MC MODELS TO CAS SAMPLE

MCPDCAS ANALYSIS OF CAS5 SANMPLE

PDHDTER PDOL PDLL
1 9999599 999599 999999
2 999999 -10.53 999999
3 999999 -2.74 -16.06
4 999999 -7.18 -20.97
5 999999 ~-4.09 9399599
b 999999 -5. 36 -5.41
7 999999 1.78 9999993
8 939999 ° -8.51 -25.76
9 -2.84 1.19 999999
10 -1.18 «57 ~15. 41
11 9999359 -5.97 -17.06
12 -6.15 -3.72 -13.20
13 999999 -4.60 =-1.76
14 -12.00 2.82 ~13.64
15 4.51 6.43 -8.79
16 -4, 37 ~2.086 -18.47
17 -13.90 -11.07 -22.34
18 -1.49 ~14.62 ~25.44
19 -2.19 12.25 -8.42
20 999999 ~-6.83 -17.61
21 999999 999999 - 999999
22 -6.96 4.98 -12.07
23 -13.82 ~7.17 -12.90
M -5.4903 ~3.0675 =-15.019
5 5.8203 6.4353 6.6423
M -13.90 -14.62 -25.76
M 4.51 12.25 -1.76
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EZEn=

MCGXLCAS ANALYSIS OF CAS SAMPLE

SEQNUHN PDHDTR PDUL PDLL
1 999939 -.05 -6.42
2 -5.68 ~13. 44 -13.98
3 -2.63 -8.37 -20.95
4 4.83 ~8.62 ~22.78
5 999999 -4, 33 ~4.07
6 ~T7.26 ~7.72 -6.36
7 14.76 -8.92 -8.61
8 8.79 -1.68 -19.72
9 -6. 44 -8.26 -18.23
10 -2.39 -6.569 -17.26
1 999999 -6.01 -12.26
12 3.03 -8.60 -9.21
13 999999 - 14, 32 -7.98
14 -.39 -7.24 ~8.06
15 11.26 -3.89 -9.70
16 -4.68 -13.06 ~19.42
17 -14, 36 -7.40 -12.39
18 .80 ~5.74 ~13.85
19 -4.50 -4.70 =-17.10
20 999999 -7.72 -10.65
21 999999 ~12.98 -13.97
22 =3.52 ~3.13 ~10.64

23 -13.03 ~16.87 -20.30

-1.2606 -7.8148 -13.215
7.8980 4.1537 5.3750
-14.36 -16.87 -22.78

14. 76 -.05 -4.07
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SEQNUNM

PDHDTR

9999599
- =7.02
-2.25
1.88
999999
-1.98
11.71
7.89
-9.88
-3.07
999999
.98
999999
-3. 14
5.29
-6, 45
-9.59
4,29
-8. 38
999999
999999
~7.45
-17.95

~2.6533
7. 4460

-17.95

11.71

PDUL

1.66
-11.48
-6.83
-13.37
-7.18
-7.70
-6.99
- 47
-5.79
-5.98
-3.49
-8.55
12.32
-5.61
-6.75
-10.18
-4.37
~4.,84
-4.63
~-8.70
-10.99
~3.90
-16.74

-7.1419
4.2080
~-16.74

1. 66

MCGALCAS ANALYSIS ON CAS SAMPLE

PDLL

~6.67
-11.94
~-18.90
-17.53
-4.06
-3.66
-6.08
-15.20
-15.23
-15.22
-9.87
-b.b4
-4.51
-9. 90
-7.60
-18.98
~6. 43
-12- Bu
-15.39
-8.97
-114- 25
-10.55
-19.02

-11.280
5.0637
=-19.02

~3.66
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APPENDIX 11 - COMPARISON OF HCPDCO AND MCVOLACO

HMODEL=MCPDCO BROKEN DOWN BY SEX BY AGE.
VARIABLE=%DIFF
MEAN STD DEV N
TOTAL POPULATION 2.06 5.38 889
MALES ALL - 3.41 5.34 458
AGE
5 1.03 1.03 2
6 4.77 7.086 )
7 2.22 2.99 22
8 2.37 6.81 22
9 2.89 3.19 26
10 4.31 2.12 21
11 2.1 4.27 25
12 0.04 8.76 31
13 3.64 4.05 33
LL 4.08 3.43 75
15 4.06 5.55 74
16 3.43 5.14 53
17 4.32 7.82 43
18 4.68 4,20 21
19 3.65 3.73 4
FEMALES ALL 0.64 5.06 433
AGE
6 0.16 - 3.43 13
7 2.43 4.69 25
8 2.03 4.27 15
9 2.15 3.09 30
10 1.50 5.53 19
11 ~-0.94 10.09 23
12 0.62 4.69 35
13 1.38 5.13 36
14 1.13 5.83 64
15 -0.05 4,12 b4
16 -0.04 4.41 51
17 -0.32 4.02 47
18 -1.15 2.37 10
19 2.02 0.0 1
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HODEL=HCVOLACO
VARIABLE=%DIFF

' MEAN
TOTAL POPULATION -0.8

MALES ALL -0.9
AGE \
5.00 -24.6
6.00 -13.8
7.00 -12.4
8. 00 -7.5
9.00 -6.5
10. 00 ~0.5
11. 00 -1.1
12.00 -1.4
13.00 1.7
14.00 1.6
15. 00 1.6
16. 00 0.4
17.00 1.4
18, 00 1.2
19. 00 -0.2
FEMALE
ALL -0.7
AGE
6. 00 -18.8
7. 00 -12.6
8. 00 -11.4
3.00 -5.3
10. 00 -0.1
11.00 -2.2
12. 00 1.0
13.00 1.4
14,00 2.6
15.060 2.2
16. 00 2.2
17.00 1.8
18.00 1.6
19.00 0.3

STD DEV
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N
(896)

(460)

(2)

{(4)
(22)
(22)
(27)
{21)
(26)
(31)
(34)
(75)
{74)
(54)
{43)
(M)

4)

(36)

(13)
(25)
(14)
(30)
{20)
{23)
(35)
(36)
{65)
(65)
(52)
(47)
{(10)

n



