X R R8RSR . e et haniaali )

PRI i) T S

Py vt L0

TelwW e N ARy A w e

£l

r.

20 -A/35~8/c

P s 2

3

.- ':. 'lg: !‘A‘.' E

L
«
LY e IR

:

T L e e TR e T e

FAA-RM-83-16

ANTHROPOMETRIC AND MASS DISTRIBUTION
CHARACTERISTICS OF THE ADULT FEMALE

Joseph ¥W. Young
Richard F. Chandler
Ciyde C. Snow (Ret.)
Civil Aeromedicgl Imstitute
Federal Aviatioa Administration
Oklahoma City, Oklahoma 73125

Kathleen M. Robinette
Air Force Aerospace Madical Research Laboratory
Wright-Patterson Air Force Base, Ohio 45433

Gregory F. Zehner
Anthropology Research Project, Irc.
Yellow Springs, Ohio 45387

Maureen S. Lofberg, Lt. Col., USAF, NC
SGHN
USAF Hospital George
Georgz Air Force Base, California 92392

1983

-ﬁngmbmﬁgﬁ?
e selesoe cod
B b miled

DTIE FILE copy

- - - PR T S -

P L T WA VA S e i i IR N L AT P P T T e L

-~ -

83 12 05 075

I L P IR I




........

Tockaizel Repart Documentation Pogs

‘3. Rocipient’'s Coralog Neo.

2. Gov.mmml&tssion No.
FAA-AM-83-15

pawere A3 36

| ANTHROPOMETYRIC AND MASS DISTRIBUTION CHARACTERISTICS
OF THE ADULT FEMALE

5. Report Dote
September 1983

6. Performing Orgonizasion Code

L. Paerforming Orgamization Report No.

7. Auhods) Joseph W. Young, Richard F. Chandler, Clyde C.
Snow, Kathleen M. Robinette, Gregory F. Zehner,.

| 9. Performing Orgeni zation Memo end Addeess 0. Werk Unit No. (TRAIS)
? FAA Civil Aeromedical Institute
P.0. Box 25082 11. Contract or Gront No.

Oklahoma City, Oklahoma 73125

13. Type of Report and Peried Covered

12. Sponsoring Agency Neme ond Address

Of fice of Aviation Medicine

Federal Aviation Administration

800 Indevendence Avenue, S.W.

Washington, D.C. 20591

15 Sepplememmy Note

Regearch leading to preparation of this report was performed urder tasks

| AM-B-79~PRS~-60, AM-B-80--PRS-60, AM-B-81-PRS-60, and AM-B-82-PRS-60. Interagency

| Agreement Number DOT-HS-8-{1913.

| -Tz Abstract

I d/jﬂThis study of 46 living adult females is part of a long-range research program
designed to establish valid analytical relationships between readily measured body

dimensions and mass distributionm characteristice of living populations. Presented

in this report a~e data describing the mass distribution characteristics of primary

and composite body segments. The report also contains sets of regression equatjons

which can be used to predict segmental volumes and moments of inertia from anthropo-

metric data. The data base 1Is derived from both classical anthropometric measure-

ments and from stereophotogrammetric techniques. Subjects were representative of &

general United States population as defined by the 1971-74 Public Health Service,

Health and Nutrition Examination Survey (HANES). The data obtained describe sagment

and segment composite volumes, centers of volume, intersegment cut centroids,

principal inertial axes, and surface anatomical landmarks with respect to anatomical

axes developed for each segment. Experiments designed to test the validity of

research techniques and controls, and to measure the differences between stereophoto-

metrically derived values and values obtained by direct measurement techniques are

a2lsc describad hers./ '
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It is anticipated that these data will be useful as design criteria for anthropo-

morphic test devices used in safety research, design and performance evaluation of
safety restraint systems, and developmen:t of body prostheses.

fccuEEn N VW & B &£

17, Koy Werds 18, Distribution Stetomont

Tl T A A b Fu Se) e wTow R

B T T - T

’
§

Anthropometry, Anatomical Axis, Body
Segments, Center of Mass, Mass Distribu-
tion, Principal Moments of Inertia,
Stereophotometrics, Volume

Document is available to the pbulic
through the Naticual Techmical
Information Service, Springfield,
Virginia 22161

19. Secusity Classif. {ef shis report)

Unclassified

=%, Security Clossif. {of this page}

Unclagsified

_]_2_1-0 Nao. of Pagor

103

22. Pries

Form DOT F 1700.7 8-12)

Regroduction of complcted pogs outhorized
i




S, e A e TR T el e R e T e T et e b e LT o W om om W - A R W s . - T =
T

¢ [P

ACKHOWLEDGEMENTS

The authors gratefully acknowledge the contributiors of a2 number of
individuals and organizations in providing support throughout this study. The
couplex data analysis and computer prograr design was devised by Mr. L.
Douglas Baughman, University of Dayton Research Institute, Dr. Ints Kaleps,
snd ¥r. BRoy R. Rasmussen of the .Air Force Aerospace Medical Research
Laboratory, anéd Mr. Thomas Churchill of Anthropology Research Project, Imnc.
4l1 stereophotographic support was provided by Dr. Daniel B. Sheffer, Ms. Marj
Gordon and Ms. Debbie Guabert of the Biostereometrics Laboratory, Texas
Institute for Rehabilitation and Research, Baylor College of Medicime. The
special . total body density experiments were conducted by Dr. Ronald A.
Ratliff, Director, Humsn Performance Laboratory, University of Oklahoma.

The continuous participatiom and support of our colleagues, Mr.
Charles E. Clauser, Air Force Aerospace Medical Research Laboratory, and Dr.
John T. McConville, Anthropology Research Project, Imc., have been of great
value in ell progrem development and experimentsl phases leading to this
curreat study. A special acknoviedgement goes to Mr. Arnold K. Johmson,
National Highway Traffic Safety Administration, for his patience and support
as the intersgency monitor throughout the lengthy process of this cocoperative
study.

Illustrations of the body segmeats which supplemeat the data
preseantation in section I1J were done by Gary Ball of Ball Graphics. Finally,
the authors would like to thank Ms. Ilse Tebbetts and Ms. Jane Reese of

} ' Anthropology Research Project, 1Inc. for extensive editing and careful
| preparation of the manuscript for publication.

ACGBSS.'!.G!I Fer

Unannounced

By.

M‘E}On/
Avai y

| “Tallability cogeg

Avail and/ap
Special

., ; =4 J

Dist

ii

A o N L I A L g B e U T



TABLE OF CO#TENIS

I‘T‘ﬁnﬂgfouu\ ® & ® 8 & # B & % = & & 8 8 @ © 2 O° & O ® & & * e ®

I m LTA mmm Ios L] - - L3 - - L] - . L] L] L] L .' - L] - L] L] L] L] - L]

The Subjectseiccescsnssrsvcsnsscensssccnas
Aﬂthtopmtry-.,.....-...-‘I.'....II-.....
StereophotogremmetIY s eveennssssnssssccanns
Validation Studiesd..ccosrsccacsssccaccares

L N

cscess

L] L] - .

II n‘x& PEOCESSING AHD ANALYSIS « o & & » & » ® 4 a # & s & o a
Axi. sy.tm.-n.uoouo't-uoct.l"llt.‘llt....l..‘..
segnn:ation---...---'lt-n..i.--..t.-lco.-.-:}.§..

III “suLTs. - L L - L - - - - L Ld L] L] - - o - - - - Ld - L4 a L .

Iv msio's - L] L] - - * -* - » L] - [ L] L] L] L] L] - . - o » - L] -]

nms. - - - - L] - - L] £ - L] L] L] L3 L] - - L] L L] L] - L L] Ll -

APPENDIZ A  ANTHROPOMETRIC MEASUREMENTS AND LANDMARKS. . . . e e

Selecticn of Measurcwments and Landmarke...c.eeees
Landmark Description®..cccesccacescancccnnesccnns
Measurements Descriptions...scesseccsesssccsscces
Derived Measuremertdoccrecarrscnnscsccssoresnonss
sumry suti‘tic’.l.t.....l.'I..I;..-...QO-..I‘.O

APPEZNDIX B COMPARATIVE MEASURZMERT TECHEIQUES AKD EXPERRIMERTAL
mnﬂ - - ; L] L ] 2 o L L] * - L] - - L] L] L ) » - L] -

Equal-Volume Displacement Tachnique for
Determining Segment VOlumes....cevececsacscccs
Total Body Density Techniqueecccoceccaccoscescses
Comparative Volumetric DeEt@.ccevscocsscasscsncacse
Comparative Total Body Inertig...ccecessrccccsces
cc.@ﬂrﬂti'e AnthrOPOIetry-o.-o..........s........
Conparative StereophotogrammMelrY.icecceecsnsscrsacs
Comparison of Anthropometric Values with
Stereophoto Values...cccvcerevccrsncnccsoascas

iii

WA W [ ]

-

70

A-1

A-1
A-2
 A=6
A-16
A~-17

-1

B-1
B~
5-2

]
B-7

2-7

W LA AR LuW_ R b mlt T AYERYT T xT T

R A AL T RN PR JUETE P

A L H T T e T e



Rt i Rl e EE I S P R A e P Pt W T TR T WAl M il i B TR i T T IO R e T . T T R SR

LIST OP ILLUSTRATIONSZ

Figure No. Page

1 A bivariagte frequency table for weight and height—
mss umen {aged 21‘&5).'........l...l‘l..l.ll.....ll A

2 " Anatomical axis system for the therax segment......... 8
3 Three"diﬂensioﬂal modal ol the thora‘.--o--onnuooooo-- 9
4 Planes of segmentation for the total bod¥eicceeescenes 14

LIST OF TABLES

Table

No»
Anthropometry and Maas Distribution Datz for the
Totsl Body and Its Segments:
t HEBd.oeeeeoueersearasannosanssnnasssnsasanssssnasanses 18,19
2 NecK.coiieorevarnenncenconenenscasssvsssconecsoncansane 20,21

Thor“..‘-...‘......U...........IIIIIID.'--IQC...--..D 22’23

Abdmn......I..O.'..Q..D...........-.---9-5......---. 2&,25

L™ I B ¥}

PGIVis-l..'a..o.leaett-o.c.-.ooloooo.oolo.aotl----ao-o 26,27

o

Risht Upnr An.....l.....'.D‘l-..II.I.'I.II..‘."'... 28.29

~

night Fore‘mcnuc-0.0.......‘----.....t.c.tIltcc....o. 30'31

Rigl‘t md-.....e.o..b.....lt....----.--cu..t‘.-nl..n- 32,33

v &

Right Foreara Plus Kand..ccovveevennrscsssecsnnenssnee 34,35
10 Left UPPET AfRucsseesacceccssosanonnnssrnsassonnanes 36,37
11 Left FOrearm..csvcesncsesscassvesocnssacsscnsasncscncss 38,39
12 Left Hand..eeeeoesossncsessosseessnsecansssosnsnanncens 40,51

13 Left Foream ?lus mﬂ.....nhl0.......'...........0..l 42,&3

iv

.........



R o TR T Then Maw R B o Rad Bddr e WA e D= = s e 0 e Tm = A A R R e A S = T e e T e T e T e e B PR R Ry o= 8

LIST OF TABLES {comt'd)
rable

14 Right Thigh.uieeescosncanarscscasssssasnscssscsscccanes 44,45
15 Right Calf....cvuieecneccnrronasroccanasconceannssnnas 46,467
16 Right FOOT..veerrerenenossecanassnasscorasnscnancnanses 48,49
17 Right Thigh Minus Flap.ceecessercrsccasesssconsnavsces 30,51
i8 RIEAE FlaP.ccisceteannnstnannsnsstssnncasassnnsoananss 952,53
19 Left Thighesesareecacsacscccessvoscencsenscosssancenss 34,55
20 Left Calf.uvuoerresanecnonnsccorancaarconancenscasnnas 36,57
21 Left FOOL.ecicrcenssonsvesssanssonsocaosssscsnnsscsass 38,59
22 Left Thigh Minue Plapeiceesesessrcoscesencesscssncsssses 60,61
23 Left FPlapessccececnscorncnvsvansasssacecnsnsccsnassnnace 62,63
26 TOr80.toees cosevenssssnssosaansossnssncssnssnssesccas 04,85
25 Total BodY.eceeceacsccnssosssrcscscesessascsvcansansaes 66,87
A=-1 SUBRBATY SCAtIgticd..cceevrscnccucccnscenassncnsnnancsss A-18
B-1 Compazison of Total Body VOlumeBe.cececevvrssassccscass B=3

B-2 Comparisons of Particl Seguent Volumes....cccseevsvess B-3

o

B-3 Comparisonr of Measured X Moments and Stareometrically
Estimated Principal X Mwments of Inertia for the
Tot.l M’.O.......I......-....--..I-'......I......II. 3-6

-5 Varistious irn Stature, Total Body Veiuma, and Total
Body Inertia Velues of Control Subjactfeccesccscesecses B-8

B-5 Comparisons of Variability im Derived Deta Techaiques
fiom Duplicate Anzlyses of Single Sterezophotographic

s‘t. .D.ﬂ..e..’.‘..l.l-...0.l6'0......."...03&'...‘.0 ‘.9
B-6 & pouparison of Anthropometrie aud Stereophoto Values. B-10
B-7 Belstive Number of Standazé Devistiome that Photo-

setric Mean Values Have Shifted Away From Anthro-
mtrie m‘n v‘im‘.ﬂ...ﬂ...:.ﬂ.ﬂ..ﬂl'903‘..9...0'..'. B”i?



ANTREOPCMAETRIC ANMD HASS DISTRIBCTION
CRARACTERISTICS OF THR ADULT FEMALE

INTRODUCTION

The reseasrch reported here is part of a series of studies designed to
obtain informaticn about mass distribution characteristics of the living humsa
body and its segments, and to establish a relisble means for estimating these
properties from easily mcasured body dimensions.

Over the years iavestigators have developed a number of laborious
nethods for determining total bedy mass and moments of imeriis of individuals
(Ignazi et al. 1972, Santchi et sl. 1963); comparable data for segments of the
body have been avaiisble only through the study of cadavers (Braume and
Fischer 1892, Dempster 1955). The use of sterecphotogrammetry (Berron et al.
1976) now makes possible the methematical segmentation of liviag sudjects, end
provides a means for meéasuring mess distribution properties on body segments
as well as on the totzal body.

A comvenient amd zcecurste method for obiszining mass distributiom dats
for livimg populastions would be of grezt vaive in the comstructica of haman
body spnslogues used ia auto crash research, the design of aircraft ejectiom
seats, the construction of artificial limbs and in many other related
endesvore.

Thus, the goals of this seziee of mase distribution studies ave not
just to add to the available data, but to pursue still siwpler and more
readily asceessible meane of obtaining such data on & larger scele than is
offered by stereophotogrammetry, & sophisticated, highly complex and vevy
expensive technology. To this end, stereophotogrammetry hes been used in this
study of women, as it was used in the companion men's study (McConville et sl.
1280), to develop and validate a series of regression equations for predicting
sess distribution characteristice of the total body sud its segments from
anthropometric body measurements — which can be obtained by equipment po more
complicated than 3 set of calipers and a tape measure.

In the earlier experimental phases of the program, the use of human
cadaver subjects by Chaandler et al. (1975), provided verifiable comparisons of
derived photometric values and directly measured values. On the basis of
these couparative relationships, a series sf predictive reqression equations
uas develaped and coufirmed by & later atudy of living childres (Chandler et
al. 1978) and the more recent adult male study by McConville et ul. (1980).
The specific research described in this report is based on 46 adult female
sub jects, selacted to approximete the range of stature and weight combinstions
found ia the genersl United Stztes femaie population.
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Detailed descriptions of the ecubject selactiom, anthropometric and
stereophoto dsta collectiom, 2nd data znalysis procedures are given in
sections I. end II. Section III contaims results of the study, including
summary atatistics on selected body measurements, lccation of center of
volume, principal moments and principal axes of imertia,* and a series of
regreasion equations for predicting volume end moments. Data are given for
the total body and for 24 segments and segment combinatioms. A discussion of
the findimgs appears in section IV.

Desc-iptions of all 92 sathropometric messurements and of the landmarks
used to obtain them ere given in Appendix A. Appendix B. describes 2 series of
duplicate and alternative testing procedures which were undertaken tc validate
the measuring techniques used in this series of studies,

* The term "moments- of inertis" is used throughout this report; however, the
computed moments are based on an assessment of volume apd an assumption of
constant density.
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I DATA COLLECTION

The Subjects

The primary inteat of the sampling strategy was to select 2 nminimum
aumver Of subjects who cowld reasonably represent the U.S. adulr female
population in stature and weight. The sampling plan for this study was to
achieve a stature and weight distribution comparable to that found in the
civilian female population as reported in the National Health and Nutritiom
Examination Survey (HANES) of 1971-1974 by Abrahaa et al. (1979). The HARES
survey provides the most current and appropriate general population model
available for adult U.S. females.

Limits for this study were established for an age range of 21 years
through 45 years and 5th through 95th percentile value:z for stature and
weight. In view of tne limitations of locally available subjects, it was
reasoned that an age range limit of 45 years would reduce the poteniial
physical and physioloagical factors not compatible with the experimental
procedures. The total sample of 46 subjects was divided intoc two age groups,
21 through 32 years and 33 through 45 years, with matching distributiom of
percentile rankings in stature and weight. Within the limits of subject
availability and designated size-weight categories, attempts were made €O
select those subjects who demonstrated the greatest range of composite segment
variations in volume and dimensional proportionms.

The primary sclection criteria of stature and weight for test subjects
copare with the BANES data base values as foliowe:
Sample (n=46) HANES (n=5507)
X 41} X sp
Weight (kg) 63.9¢ 12,50 64.64 15

The distribution of the sample with regard to the HANES 21-45
population is graphically portrayed on the bivariate distributionm table im
Figure 1.

Anthrorometry

A total of 83 landmarks were located and marked on each subject,
followiag which 92 dimensions were measured. The laaduarks later served to
define planes of segmentation and to establish all anatomical axis systems.
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The basic aothropometry d&one in  this study is  comsistemt with
seasurezents made in the 1980 adult male study, although certain minor chenges
were made for this study (see Appeadix A).

The anthropometric survey team was trained by members of the survey
tean who conducted the original male suyrvey to assure reasonable duplication
of technigues for locating anatomical landmarks and meaguring the sam>
dimensions,

& detailed descriprion of all landmarke and measurements, a9 well as
summary statiatice, sppear in Appendix A.

Stereophotogrammetry

After the anthropometric measurements were takeo, each subject was
prepared for stereophotogrammerry. Landmarks, originglly merksd in pencil,
were covered with round tstick-on markers. Those landmarks located on the side
of the body or body segzent, or otherwise not visible to the cameras, were
nzrked with offset targets.

When the warkers were in place, two pairs =~ stereoplates, front and
back, were made on each subject and immediately developed before the subject
was released to asscre that the plates were of useble quality. If not, the
subject was re-photographed.

The steraophotographic and optical analyzer systeme used in this study
were the ssme as those used throughout the earlier program studies and are
descrived in detail by Herron {(1974) and Herron et al. (1976) at the Texas
Institute for Rehabilitaticn and Reseagrch.

Validation Studies

Because of the ianovative nature of the combined measurement techniques
vzed in these studies, and some unexplained data relationships revealed in the
earlier phases of this long range program, this study included additional
tests to validate the measurement procedures. Selected anthropometric and
stereophoto measuroments were duplicated to test the wvariability of human
perception and operational functioms. Twelve subjects were selected for a
variety of experimental control tests; four of the 12 became the control
subjects participating in sll experimental testing and duplication procedures.
The remairing eight subjects of this“group participated in a series of direet
measurements to determine (1) total body demsity, (2) total boedy imertia, sad
{3) partial body  volumes for comparison with thosge determined
stergometrically. In addition, a comparison of stereometrically derived
linear body dimensions with those measurad anthropometricglly was made on 32
variables for the entire study sample. The detailed protocol and results of
these experimental procedures are presented in Appendix 8 of this report.
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I DATA PROCESSING AND AMALYSIS

The data obtained Zrom.the stereophoto plates, thrcugh use of an
optical analyzer system, yielded contour pointe for horizontal and parallel
cross sections approximately normsl te¢ the long 2xis of each segment. Aa in
the male study, the distance between points along the perimeter of each cross
secticn averaged approximately 0.7 cm. The vertical ianterval between cross
secticns was 2.54 cm except for the head, hand, foot and abdomen segments
where the iacerval was 1.27.

Using the cross sectional data to define three-dimensional body
surface, an analytic body segmentaticm scheme (defined later in this section)
and an assumption of constant density (estzblished as 1.0 in this study), the
volume, ' certer of volume, principal moments and axes of inertiz were
calculated for each segment and for the total body of each svbject. The
analytic procedures used for segmentation and the calculatiomns of volume and
moment properties are described by Baughman (1982).

The final step inm this study was the czlculation of series of
regression equations for predicting volumes snd principal moments of jnertia
from various anthropometric diwmensisus. One set of equations wss obtained by
using only stature and weight as predictor values--not because they
nwecessarily provide the best estimaces but becsuse they are easily obtainable
for most populations of interest., A seccad series of muliti-step regression
equations using stature, weight and other segmental variables as predictcrs
was obtained by using a standerd type of BMD stepwise regression computer
program which selects the body dimensicns having maximum power to predict
volume or principal moments of inertia for a given segment. The body size
variables considered in the development £ these equations were restricted to
those measured directly on the segment involved, plus stature and weight which
were included because as measures of overell mass distribution they may be
better predictors than any other single variable.

Axis Systems

Anatomical axis systems for the total body aad for each segment were
created in both the male and female studies as reference systems from which
centers of volume and principal axes of inertia could be located rogardless of
20dy segment position. This permits duplication of messurements on other
subject populatioms and represents a major step forward from past studies in
which principal axes were located with referemce to fixed poiats in the
laboratory.

The unique specification of anatomical coordinate systems requires a
minimum of three noncolinear points which were defimed with respect to surface
landmarks associated with each segment, The general procedure used was to
define the directiom of ome axis (or vector) to extend from one point to
another and then to take the normal projection from the third poirt o this




2xis to form amother coordinate axis. The third coordinate axis was generated
by forming the cross or vector product between these two axes in a prescribed
order,

The cross product yields a2 third vector which is perpendicular to both
the first and second vectors. In order to correctly calculate the cross
product, the positive direction of the first two vectorz must be defired and
the prescribed order of a x b=¢c, bxc=a, ¢ x a = b, must be followed. In
this study, the positive direction of each axis (denoted by X, Y, or Z) is
defined in reference to- the standard anatomical position: +X extends from
posterior to anterior, +Y extends from the subject's right to left, and +Z
extends from distal to proximal (or towards the head in the case of the
torsal. Whenever possible, the €first axis is selected with the goal of
maximizing the distance between the two anthropometric landmarks defining the
vector. This minimizes the rctatiomal effects that slight differences in
identifying landmarks on different subjests would have on the entire axis
system. Figure 2 illustrates the anatom:cal 2xis system of the thorax. The
three nonocolinear points used for axes comstruction are (1) 1Jth rib midspine,
(2) cervicale, and (3} suprastermale. The first vector (2Z) extends from 10th
rib midspine to cervicale (this also establishes the positive directiom). The
second vector (X) is normal to the first end passes through the suprasternale
landmark (note that the second vector does not necessarily originate at the
cervicale landmark as the iligstration indicates). The third axis 1is
calculated as the cross product Z x X = Y. Once the relationship of the axes
has been set, the origin can be placed at any landmark. In this case, it was
translated to the 10th rib midspine landmark to avoid duplication of the neck
gsegment origin. :

In some cases more than three points were used. For some of these, the
same basic approach te calculating the coordinate system as described szbove
was used and an extra (fourth) point provided for origin plucement. A few
segments veguired a relatively complex scheme ior coordinate calculation.
This was especially true of the feet, where several projections had to be
taken. 1In all cases, however, the wethodology described below for obtaining
unique coordinate systems for each segment is based on coustruction of two
orthogonal axes from landmarks, and the generation of the third by use of the
cross (or vector) product calculated in the order listed in the definition.
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10th rib midspine {origin)
cervicale :
suprasternale

W e
naan

Z axis ~ vector from 10th Rib Midspine to Cervicale
X axis ~ normal from Z axis to Suprasternale

~

\
| Y axis ~ Z x X
E

Figuore 2. Anatomical axis system for the thorax segment.
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An illustration of both priccipal =and snatomical axig cystems on 2
three-dimensional model of the thorax segment is pictured inm Figure 3.

Figure 3. Three-dimensionsl model of the thorax. As=zngtomicsl axis

system; P=principal axis system.

The original anatoaical axis system for each segment and segment

composite is 28 follows:

HEAD
Y axis - vector froe right tragion to left tragiom.
X axis - normal from Y axis to right infraorbitale.
Z axis - X x Y.

Origin - intersection of ¥ axis ané 2 normal
passing through sellion.

e, LIS o "". .---- Lot - -
1‘-‘:‘.‘ ‘;‘03\!‘\‘ ‘.‘&1' -._" % n, "-,E-w“‘-.‘- . P e T L e e T T T e T T
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:

Y gxie ~ normal vector to the subject’s left from
the plane forwed by cricoid cartilage,
carvicale, and suprasterusle.

X axie ~ sormal from ¥ axis through the mid-
point of a line betveen left and
ind right clavicales.

choediilleast Bt Me e TR TR BOF BERELM R e

R

Z axis - X = Y.
Origin - at cervicale.

=T e T COMEELE 8L T T o .

THORAX

Z axis - vector from 10th rib midspime fo cervicale.
X axis - normsl from Z axis to suprasternale.

o~ o~

woA TR -t W e ¥ T

Y axis - Z x X
Origin - at 10th rib midspine.

ABDOMER

e el ¥ e | et .S

Y axis - vector from right 10th rib to left 10th rib.
X axis -~ normel from 10th rib midspime to Y axis.

Z axis - £ x VY.
Originm - at intersection of X and Y vectors.

PELVIS, TORSD, and TOTAL BODY

| Y axis - vector from right a2nterior superior iliac
spine to left asterior superior ilia¢ spine.
Z axis - normsl from symphysion to Y szie.
X gxie - ¥ z Z.
Origin — st intersectiom of ¥ axis and the normzl to
it passing through a point midway between
the posterior superior iliase¢ spines.

RIGET UPPER ARM

Z 2xis - vector from lateral humersl epicondyie
s acromiom.

Y axis - acrmel from Z axis to medisl
humersl epicondyle.

E sxis - ¥ x 2.
Origic - at acromion.

10




RIGHT FOREAERM, and RIGHT FOREARM PLIS RAND

Z axis
Y axis
I axis
Qrigin

RIGHT HAND

Y axis
Z axio

X 2xis
Origin

vecter froam ulmar styloid te radisle.
rmal froe radial styloid to Z axis.

”~ ~

Y¥x2Z.
at radiale.

vector from wetacarpale 1] to metacarpale ¥.
normal from dactylion te Y axis.

Yx2z.

at intersection of Y axie and the normal
pazzing through metacarpale 1II.

LEFT UPPER ARM

Z axis - vector from lateral humeral epicondyle

to acromion.

Y axis - normal frow media: humersl epicondyle

to Z axis.

~ ~

K &xis - Y x 2.
Origin - at acromion.

LEFT FOREARM, and LEFT FCREARM PLUS HAKND

Z azis
Y axis

X axis
Qrigin

LEFT HARD

Y 2xis
Z axis
X axis
Origin

vector from vlner styloid o radiale.
noroel from Z axiz to radizl styloid.
YTz 2.

at cadiale.

vector from wstacarpale V tc metacarpale II.
normal from dactylica to Y sxis.

Yx2.

at intersection of Y s&xis and tke normal
passing through metacerpale III.

i1




RIGRT THIGH. RICET THIGH MIWJS FLAP, and RICHT HIP FLAP

Z axis - wvector from lziteral femoral epicoadyle
to trocheaterion,

Y axis -~ normal from Z axis to mediai
femcral epicondyle,

~
X axis - Y x 2.
Origin - at trochanterion.

RIGHT CALF

Z axis - vector from sphyrion to tibiale.
Y axis - normal from lateral malleolus
to Z axis.

X axis - 7 x 2.
Origin - at tibiale,

RIGHT FOCT

Z axis - superiorly directed vector normsl to
the X-Y plane formed by metatarsal I,
metetarsal V, and posterior calcaneous.

X axis - wvector from posterior calcaneous to
normally projected position of toe 2
o X-Y plane.

Y axis - 2 x X.

Origin - at the intersection of the X axis and
the normal sassing threugh wetstarsal
phalange I.

LEFT THIGH, LEFT THICH MIRUS FLAP, and LEFT HIP FLAP

Z axis ~ vector from latersl femoral epicondyle
to trochanterion.

Y axis - normal from medial femoral epicondyle
to Z auis.

~ ~
X axis - Y x 2.
Origin - 2t trochanterion.

12

...........



LEFT CALF

Z axis ~ wvector froa sphyrice to tibiszle.
Y axis - uorngl from Z axia to lateral malleolus.

X axis -~ Y x 2.
Origin - at tibiale.

LEFT FOOT

Z axis - superiorly directed vector normal to the
X-Y plane forwed by metatarsal I, mets-
tarsel V, and posterior czlcsreous.

X axis - wector from posterior calcaneous to
norasily projected position of toe 2
ou x—Y plane.

Y axis - z x x.

Origin ~ at the intersection of the X axis and
the normel passing through metatarsal-
phalange I,

Segggntltion

The plan for segmenting the body into the seventeer primary segments
and subdividing the thighs intc separate proxims! flaps was identical to that
used in the asdult msle reference study. Added in this study wae the
computation of centroids on each segment to facilitate resssembly of the body.
These points were established at the center of the cross~gectional arez on the
plane of segnentation.

The segments and segment combinations are the hLead, neck, thorax,
abdomen, pelvis, right snd left upper srws, right and left forear-s, right and
left hande, right and left thighs, right and left flaps, right sad left thighs
wiaus flaps, right and lefr calves, right and left fest, right end left
forearms plus hands, torso, acd the total body. Coaputer progreme used to
cegment the parte were developed by Baughman (1982) and are described by the
suthor in that publicstion. The places of segmentation, which defime the
segments, are illustrated in Figure 4. The location and orientation of these
segnentation planes are described in reference tc established gnatomical
landmerks with the body sianding erect in the cigesical anatomical position.
Specific definitions of the segmentation planes are described ss follows:

13
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Pigure 4.

Planes of segmentation for the totzal body.
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Bead plade: A simple plzne that passes through the right
end left genioa points and nuchale.

Xeck plane: A compound plane ia which a horizontal
plane originatea at cervicale and passes anteriorly te
intersect with the second plane. 7The second plane
originates at the lower of the two clavicale iznédmarks
and passes superiorly at a 45 degree zngle to intersect
the horizontal plane.

Thorax plane: A zimple transverse plane that originates
at the 10th rib midspine landmark znd passes hori-
zoutally through the torsc.

Abdominal plsme: A simple transverse plane originating
at the higher of the two iliocristale landmarks and
continuing horizontally through'the torso.

Hip plane: A simple plane origimating midsagittally
cn the periceal surface and passing superiorly
and laterally midway between the anterior superior
iliac spine and trochanterion landmarks, paralleiling
the right and left inguinal ligements.

Thigh flap plane: A simple plane originating at the
gluteal furrow landmsark and passing horizomtslly
through the thigh. |

Knee. plane: A simple plane originsting at the latersl
femoral epicondyle and passing horizontally through
the knee.

Ankle plane: A simple plane originating at the sphyvion
landmark and passing horizontally through the ankle.

Shoulider plane: A simple plsne originating st the
acromion landmsrk znd passing inferiorly and medially
through the acterior 2zad posterior scye point
marks at the axillary level.

15
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Elbow plane: A eimple plsme origicating at the
olecrancn iandmark snd passing through the medial
gnd latezal humeral epicondyle landmaris.

Wrist plane: A simple plane originating at the ulner
and radial styloid lsndmarks and psssing through the
wrist perpendicular to the long azis of the foresram.
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111 RESULYS

Data analysis in this study provided informatiom onm (1) the locatioms
of landmarks relative to the anatomical axis origin, (2) principal axes of
inertia with respect to the anatomical axesz, (3) principal moments of inertia,
(4) segment volumes, and (5) regression equations to predict volume and
moments from standard anthropometry. These data are defined and described in
I'b le’ 1-25 »

The axis sgystzms illustrated in the perspective drawings accompanying
each table are identified by directional lsbels, The set labelled Xg,.Y,, and
Zy, designates the anastomical axis system. The set labelled X,, Y,, and Z,,
designates the principal axis system. The stoadsard error of estimate (SE EST)
accompanying the regression equations in these tables is expreesed as &
percentage of the mean value. All other values are expressed as follows:

Principal woments in gram centimeters squared (gm cm2),
Volumes in cubic centimeters (cc)

Weights in pounds (1lbs)*

Skinfolds in millimeters (mm)

Other dimensiongl values in centimeters (cm)

The cut planes associated with each segment or segment composite are
identified by the shaded greas in the illustrations.

Results of the validation studies can De found in Appendix B.

* Unit pounds are used to waintaic consistency with the earlier report

" (McConville e: al. 1980). If the sudject's mass is given in kg, the

regression coefficient for weight in these tables should be multiplied by
2.205.
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ANTHROPIMETRY
OF SEGMZNT RANGE ME AN SeDe
READ WY 13.6=- 17.9 15.59 78
HEZAD LYH 17603~ 19.9 18.869 bl
HEAD AR i3.7= 15.7 14.58 ol
BITRAGION BR

11+.8= 14,3 13.156 243
SAGIITAL ARC

33,5~ 40.7 37 .33 1.31
8ITRAG-COFON ARC

31.0- 37.0 33.91 1.31
HEAD CIXC 2241~ 56.6 54,78 1.,2C

HEAD VOLUME
RANGE MEAN S0
35386 = 44536 3,894 267

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE. KEAN S.0.
X=aXIS =2.L3 - « 05 =1.08 53
Y-‘xxs 60 - oB% <01 + 35
Z-ﬁ!is 20 2% - Le7T9 3.42 «b5

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOHICAL AXIS QRIGIN
X=-MEAN X=S.0. Y-MEAN Y-S.D. Z2-MEAN 2Z-S5.D.

HUCHALE 896 « 87 « 09 «29 =256 1.20
SELLION gl 8 « 48 0.00 .00 1.91 39
LEFT TRAGION ¢.00 0.00 6. 87 bt 0.00 .00
’ RIGHT T%AGION 0-00 E.Bﬂ '6080 n39 0.00 0.00
! R INFRADRBITALF .98 «39 - 17 1.41 J.00 0.00

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS CRIGIN
X-MEAN X=S.D, Y<MEAN VY=-S.Do Z-MEAN Z-5.D.
HEAD ~2.87 o Gh +«30 1.15 =4.66 +58
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HEAD? RAEGRESSION EQUATIONS

HEAD VOLUME AND MOMENTS FROM STATURE AND WEIGHT
STATURE WEL GHY CONSTANTY R SE EST

VOLUNE = =1.25 + Hdek5 + 354569 450 b.34

X MOMEWT = =334 ¢ W76 + 15%,137 413 17.1%

Y MOHENT = =25 » 357 + 134527 L4033 11.8%

7 HANNENY = 220 + 88 € 92;535 154 15.0%

HEAD VOLUME FROM:
HEAD CIRC HEAD HY STATURE CONSTANT R SE ESY
1“7.05 - 5,161-23 .661 5022
108,73 + 137.28 - 4e202.2 4754 &Hlbi
132,35 ¢+ 163.75 -~ 13,73 - 39722451 799 4.3%

HEAD X MOMENT FROM:
HEAD HY HEAD B8R STATURE CONSTANT R SE ESY
215354 - 172,855 +5867 15.4%
15’939 + 179129 - 353914? 2509 14.9%
12,152 + 17,142 - 723 - 271,386 528 14.9%

HEAD Y 9YOMENT FrROM?
HEAD CIRC HEAD HT STATURE CONSTANT R SE ESY
12,734 - 05,983 .35 9.9%
Je784h & 10,461 - E03,109 706 9.2%
it,732 +« i2,%6b - i, g92 - 70,350 o743 B.8%

HEAD Z MOMENT FROM? » .
HEAD CIRC HEAG or STATURE COHSTANT R SE EST
80746 - 3F8y6L5 203 1i3.0%
2,995 - 9,252 - 2TLc500 534 12.8%
11,158 ~ 9,683 = 521 - 254,325 560 12,8%

THE PrINCIPAL MOMENTS OF INERTIA

RANGE MEAN S0, -

X=-AXIS 163,01 -~ 221:662 169,208 29,519

Y=-AXIS 13,550 - 250 341 163,317 23595948

2=-AXIS 103,241 ~ 205,382 160,638 20,361

PRYINCIPAL AXES OF INERTIA WITH RESPECT TO ANATOMICAL AXES
COSINE MATRIX EXPRESSED IM DEGREES

X Y Z
-4 Lh2,19 91.23 4783 STHD. DEY. OF ROT. X = 3.22 :
Y £6+8% $.32 89,37 ] ST D. GEY. OF QGT. Y = 8,22 E
¥4 132.17 89.€69 L2617 STDe DEV. OF ROT. 2 = 3Z.56% .
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ANTHROP IMETRY
OF SEGMENT RANGE 4EAN
NECK L T4 H.3= 9.3 .98
NECK arR G.2= 12,5 10.“6
NELZK CIQC 29.6~ 39,1 32.86
NECK VOLUME
RANGE MEAN
500 - 931 737

........

SaDe
1.16

70
2.21

S.0.
122

LOCATION OF THE CENTFR OF VOLUME FR0OM THE ANATOMICAL AXiS ORIGIN

RANGF,
X~-AXIS Jaul Bald
Y-AXIS -.5%6 «97
2.93 5.79

} Z-AXIS

CEFVICALE

MID THYR0ID CART
LEFT CLAVICALE
RIGHT CLAVICALZ
SUPRASTERNALE

X=ME AN
0.00
10.28
11.54
11.46
12.63

MEAN SeDa
5.27 86

« 05 27
Lkebi 61

LOTATION OF THE ANATOMICAL LANDMARKS FROM THE ANATCMICAL AXIS ORIGIN

X-S.B- Y=-MEAN Y-S.D- Z-MEAN Z“cha
e 20 G.00 0.09 8.00 8.00
1. 51 .68 .00 3.5 «87

« 88 1.98 +31 -2 05 « 16
«33 '2-{2 «33 « 05 «16
« 91 0.00 g.090 -+87 «23

E ~ LOCATION GF THE CUT CENTRDID FROSM THE ANATOMICAL AXIS ORIGIN

HEAD
a NECK

X=-MEAN

2.48
1.82

R=S eDe Y=MEEN Y=SsDe Z-MEAN Z-S.D.

1.13 33 t.00 Tele «90

091 -007 1-06 -9& 032
20




MNECK? REGPESSIUN EQUATIONS

NECK VOLUMF AND MOMENTS FROM STATURF ANU WEIGHT

™ P P

STATURE WE I GHT CONSTANT R SE EST
VOLUNME = 10.01 + 1.21 - 1;047 4650 12.9%4
X MOMENT = 220 +» 38 - 304357 +B4S 23.2%
Y MOMENT = 2ol + 37 - 23;955 ,611 22.0%
Z MOMENT = i1l + 8s - 164002 o%£3% 20.6%
NECK VOLUME FROMS
STATURE NECK CIRC NECK LTH CONSTANT R SE EST
12.34 - 19252.2% <0601 i3.4%
10.25 ¢ 19,10 - 154333 .68% 12.4%
el ¢ 23.57 ¢ 1L .26 - 1,658.86 .069& 12,.,4%
NECK X MOMENT FROM2
STATURE NECK CIRC NECK BR CONSTANT R SE EST
292 = 36,?“5 0566 2“.72
233 ¢+ ohe - 5,005 678 22.3%
230 + 309 ¢ 877 - 46,970 .686 22.3%
NECK Y MOMFNT FROMS
STATURE NECK CIRC NECK LTH CONSTANT R SE EST
330 - w0181 553 22.9%Z
272 + 529 - 485,234 530 21.5%
24T ¢ 671 + 455 - 519922 o648 21.%%
NECKX Z MOMENT FROMS
NECK CIKC STATUKE NECK LTH CONSTANT R St ESY
1,368 - 30,499 748 18.87%
1,252 + 146 - 5@;236 « 776 18.1%
1,330 + 123 + 410 - 53,554 781 18.17%
THE PRINCIPAL MOMENTS OF INERTIA
RANGE MEAN SeD,
X=-AXIS 59545 ~ 18,7 34 10,380 3,075
Y-AXIS 5,196 - 21,923 13,0864 3,057
Z-AXIS Tyt - 25,010 14 3443 iy 049

PRINCIPAL AXES OF INERTIA WITH RESPECT TO ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN JEGREES

X Y
X B.36 89,63 81053 STOs DEVe OF ROTs X = 16,87
Y 59,98 2094 92.24 €TD. GEV. OF ROT. Y = 15,75
z aeosb A7.09 8.88 STD. GCEVa OF ROTO Z = 16,356
ral
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THORAX
ANTHROPOMETRY
OF SEGMENY RANGE ME AN S.0.
THORAX L TH

2%¢h= 0.6 3Ib.15 2.18
MIDSAG CHEST DPTH
13.5- 23.0 1?9@1 1.71
RIACROMIAL BR
3305‘ w@.Z 3b079 163
CHEST BR 2542= 36.8 28.64 2.29
BUSTPT=3USTPT
13.9- 22.2 18.02 1.72
TENTH RIB ®R
. 21le0= 33.3 25.67 2.99
TENTH RIB CIRC
6200‘10602 75.94 10,43
SUBSCAPJLAR .SKFLD
05- &.2 1052 .78
BUST CIXC 82.0-122.3 95.41 8,15

THORAX VOLUME
RANGE MEAN S.0.
12,718 = 20472% 18,17> 2567

LOCATION OF THE CENTER OF VYOLUME FR0OY THE ANATOMICAL AXIS ORIGIN

RANGE MEAN SeDe
X=-AX1S .75 - I 20 6.1% 1.06
Y-AXiIS -2 81 - o506 -.0& v 29
Z=AXIS 13.43 - 18,69 16051 1.13

LOCATION COF THE ANATOMICAL LANOMARKS FROF THE ANATOMICAL AXIS ORIGIN
X=MEAN X=S«D0 Y=-4EAN Y=SoD, T-MEAN Z*S.O-

CERVYICALE 0.00 Ge GO 0-00 0.00 36405 2430
LEFT ACROMIALFE 2.63 1.57 17.7% i.oQ 29.738 2.30
RrIGHT ATROMIALE 2eis3 1.61 =-17.8& 1.072 2%.51 2.12
10TH RIIMIDSPINE 0.00 8.00 g.00 G.08 .09 0. 00

SUPRASTERNALE i90.75 «95 2. 00 0.00 29.39 1.94

LOCATION OF THE CUT CENTROID FROM THE ANATOHICAL AXIS ORIGIN
X=MEAN X=5.,0s Y=MEAN Y¥Y~S.0s Z-MEAN Z-=S.0.

KECYK 2e0% «93 -. 08 1,03 36:40 2.27
THORAX 5.8354 i. 29 ef2 - 8& 243 351
RIGHT SHOULDER 2.39 235 -=16.53 1.88 22.78 1.93
LEFT SHOULOER be31 2¢33 i5.70 1.48 22092 2«00

-~
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THORAXS REGRESSIUN EQUA
THORAX VOLUME ANT) MOMEMT
STATURE
YOLUME s ~1.32 ¢
X MOMENT = 75231 &
Y MOMENT = 10,€33 o
Z MOMENT = =13 040 ¢
THORAX VOLUME FROM:
WEIGAT BUST CIRC
126.25
6d.35 ¢ 192.41
33.056 ¢ 285,77 ¢
THORAX X mMOMENT FROM3
WHEIGHT THORAX LTH
2345345
239840 ¢ 96,484
5,056 ¢ 162,976 ¢
THORAX Y POMENT FROM:
WEIGHT THOPAX LTH
225560
19,3937 + 98,7407
5,637 ¢ 130,698 +
THORAX 7 MUOMENT FROM?
3UST CIKC TENTH RIRB
Bw
79,756
48,970 + 92,952
50,107 + 83:;540 +

THE PRINCIPAL MOMENTS OF
KBNGE

X=AXIS 1,642,023 - 6,38
Y=AXIS 15199,403 ~ §,80
Z-~AXIS 1,000465%6 = 4,456

................

TIONS
S FROM STATURE Ahu WEIGHT
KEIGHT CONSTANT R SE EST
120.37 ¢+ 1528 932 7.3%
273638 - 29278454 893 14.5%
21,608 ~ 236155378 289> ifb.8%
23,903 + 5505051 923 14.5%
THORAX LTH CONSTANT ]} S& EST
¢ 1,231.08 .932 7.2%
- 9,899.31 .951 6.2%
422,96 - 29, 046439 977 &L.74
BUST CIRC CONSTANT R SE EST
- 19283,5L6 6892 14,067
- 4,339,515 .920 12.7%
735625 - 10,097,371 .958 S.3I%
8UsST CIXC CONSTANT kK SE EST

- 1,038, 26
- He2L041%7
58,523 - 8,203,4?0
THOREX LTH CUNSTANT

- 5’75ﬂ’?61

«392 14 .9%
+938 11.8%
e967 B8.7%
R SE& EST

947 12.0%

- 59199,47d 963 10.2%
45,298 - 657205519 .973 8.8%4
INERTIA
MEAN SeDs
1,836 2,790,171 879,151
0,768 2,140,627 099,245
1,545 1,858,781 686,351

Pr.INZIiPAL AXES OF INERTIA WITH RESPECT TO ANATOMICAL AXES

COSINE MATRIX

X Y
X 192.19 91.53 7
Y 88.20 1.848 9
Z 129.10 £0.91 i

EXPRESSED IN DEGREES
Z

0.87 ST0. DEV, OF ROT, X =
0,53 STD. UEV. GF ROT. Y =
S.14% STD. DEV. OF ROV, Z =

bLb.71
6.39
3.02



ANTHROPONETRY
OF SEGMENT RANGE HE AN Y 1
ABOOMEN LTH
1.2~ 11.2 LeB% 1,84
TENTH RIB BR
21.0> 3343 25.67 2.99
HAIST B 24«5~ 46,6 31.05 4.12
BICRISTAL BR
2“.6- 3109 27191 1086
WAIST CIRC
He?=116.8 8o.70 13.22
TENTH REIB CIRC
6$2.0=106.2 75.94% 10,43
SUPRAILIAC SKFLD
05' “oz 1.55 080

ASDOMEN  VOLUME
PANGE MEAN SeDe
609 = 9,203 2,817 1,485

LOCATION OF THE CtNTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIWN

RANGE NEAN SeDe
X'AKIS =1s08 - 2.97 55 1.09
Y=-AXIS -1.,65 - « 84 °005 53
Z=-AXIS -4.85 - =1.12 =2.64 «81

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXTS QRIGIN
X~MEAN X~S.Dsa VY-MEAN Y=SeDe Z-MEAN 2Z~-8,.0.

L ILIOCRISTALE 72 1. 65 i5.065 1.72 -5.82 1.862
& 1LIOCRISTALE «36 1.25 ~-15.27 1.88 =552 1.49
LEFT $10TH RIS 0.00 D.08 13.57 1.50 0.00 0.00
RIGHT 13TH RIB .89 0.00 =13.45 1.75 .00 0.00
POS SUP ILIAC MS ~11.24 1.51 o 14 ok 0 -9.69 1.80

LOCATIO¢ OF YTHE CUT CENTRUID FROM THE ANATOMICAL AXIS ORIGIN
X=HEAN X=S .0, VY-MEAN VY=S,D. Z-~MEAN 2Z=-5,.D.

THO2AX oi6 » 89 + 29 «35 =025 «67

A3DOMEN b 1021 uiz -90 =5.46 1!52

24
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ABDOMEN: REGRESSION EQUATIONS
A3DOMEN VOLUME AND MOMENTS FROM STATURE AND WEIGHT
STATURE WEIGHT CONSTANT R SE €ST
VOLUME = -113.70 ¢+ 32.80 + 164526 6090 42.6%
X MOUMENT = =11, 364 + 3,940 ¢ 106569180 587 61.4%
Y MOMENT = =-10,%28 +« 3,364 + 1,407,621 7085 76.2%
Z MOMENWT = =15,503 » 6,876 + 2eblbe59L4 723 6344
ASDOMEN VOLUME FROMS
ASDOAEN TENTH RIB TENTH RIB CONSTANT R SE ESY
LTH CIRC ap
“42.03 + 139.2% .680 38.5%
586.41 ¢ 94,84 - 792824180 857 15.4%
672.4% + 184.72 - 323.75 - 5’72?.80 «369 13.2%
ABDOMEN X MOMENT FROM
TENTH FIB ABDOMEN TENTH RIS CONSTANT R SE EST
CIRS LTH BR
10,373 - E08,719 .732 57.0%
11,072 + 48,074 - 899,306 943 28.0%
19,635 + 8O yT by - 30,843 ~ 751,231 .955 25.5%
ARDOMEN Y MOMENT FROM
TEMTH RIB A3DOMEN TENTH RIB CONSTANT R SE EST
CIRZ LTH B8R
8,055 - E3R,302 7139 73.9%
Q27 + 40,4337 - 730,126 .,925 40.8.,
13,437 ¢ 384024 - 36,704 =~ £03,911 «94L7 34 .8%
AZDOMEN Z MOMENT FROM
TENTH RIB ARDOMEN TENTH RIB CCONSTANT R SE EST
CIRZ LTA BR
1744358 - 1,081,332 .760 58.9%
13,300 # 72,380 - 1,522,402 9236 32.47%
IL,919 + 704491 - 57,702 - 1,245,440 .950 29.0%
THE PRINCIPAL MOMENTS OF INERTIA
X=-AXIS Wiy,754 - T84y110 179,010 147,912
Y-AXIS 23y bicl = 582,676 119,717 125,792
7-AXIS Bhy 332 ~ 1,287,145 273,309 2hity 943

PRINCIPAL AXES OF INERVTIA WITH RESPECT TO ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN DEGKEES

X Y z
X bt Q.13 9043 SID. DEV. OF RCT. X =
Y 9. 87 e 34 83.69 STD. DEV. OF ROT, Y =
F4 69.57 90.31 «53 STD. DEV. OF ROT, Z =

o MrE W cemp oW LW R W @ e TR R L RN ow N e

25

1.5¢
4 .25
2461

S UEERCE S T

MF e B w0

B Ll T U

AT el S T N R T T I S B I

L O

s



Wt B et e e

T ® i Bt B '~ B W e oW s ey oA WA = e s o 2T

r L w w f a7 =T = TR s R R s R s =2 2w

TABLE 5

PELVIS

ANTHROPZMETIRY
OF SEGMENT RANGE MEAN S.D.
sUTTOCK DEPTH

13.1- 38.7 24L.12 3.49
BICRISTAL BR

2heb= 31.9 27.91 1.3%
BISPINOUS PR

1.1~ 33.2 23,25 2,996
BITROECH BR

27 .1~ 3£.8 31.63 1.99
#IF BR 309 LB 37,25 3.34
BUTTOCK CIRC

£3.5=130.2 100.08 92,€£9
SUPRATLIAC SKFLD

sb= Qoz 1.85 «80

PELVIC LTH

218~ 31.9 25.82 2,08

FELVIS VOLUME
RANGE MEAN S«0e
5,835 =~ 205382 10,128 3,250

LOCATIO¢ OF THE CENTER OF

RANGE
X-AXIS +~12.16 - =5.59%
¥=-AXIS 1,32 - 95
Z2=-AXIS e 76 - .23

VOLUME FROM THE ANATOMICAL AXIS CRIGIN

MEAN Sl
'3161 102“
-.07 &5
2.30 1.39

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN

X=MEAN
LEFT ASIS 0.00
RIGHT ASIS 0.00
POS SUP ILIAC MS ~13.04
SYMPHYSION 0.68

LOCATION COF THE CUTY

X=MEAN
ABDOMEN -5.86
RIGHT HIP -1.29
LEFT HIP -1.35

CENTROID FRONM

X=SeDe Y-MEAN VY=5.0. Z-MEAN Z-5.0.
0.0¢0 11.84 1.95 .00 .00
G.00 -11.93 1.59 8. 00 0.80
2« 34 0.00 0.02 7454 2a7%
0.00 =+ 02 72 =9.12 1.58%

THE ANATOMICAL AX1S CRIGIN

X=S.0e Y-MEAN Y¥=-S5S.0. Z=-MEAN 2Z=~S.0.
i.73 o 31 1.067 9.27 la.4C
« 87 -10.82 10“5 -5.95 i.27
+93 ifd.7¢ 1 .5% “6e23 1.60

25
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PELVISt AREGRESSION EQUATIONS

PZL YIS VOLUME ANO MOMENTS FROM STATURE AAD WEIGHT

STATURE WE I GHT CONSTANT R SE EST
VOLUME = «q7 .57 ¢ 118,96 + 99097 «952 10.1%
X MOMENT = -310,629 ¢ 16,283 + 338,759 «953 15.b0%
Y MOMENT = =19,910 ¢ 17,0324 ¢ 1,836,661 946 21.1%
Z MOMENT = ~279129 & 26,54F ¢+ 1,875,223 4953 16.9%
PELVIS VOLUME FROMS
WEIGHT STATUPE SUPRATILIAC CONSTANT kK SE £ST
SKINFOLD
113.2% - L9403.95 338 11.3%
118.96 - 97 .57 + Y9097.30 .9%2 10.1%
107.20 - 84,33 & 526.80 + T79637.48 9586 9.7%
PELVIS X MOMENT FROMS
ASIGAT BISPINOUS BUT TOCK CONSTANT R SE EST
BR DEPTH
15,415 - £9270,824 944 16.7%
13’2’9 + 28,1’“ - 1’&2“;5“? +953 16,.,5%
3,636 ¢+ 28,227 ¢+ 365817 - 152229238 +9%9 14.77%
PELVIS ¥ MOMENT FROMG
TTIACK WEIGHT STATURE CONSTANT R SE&E EST
ODEPTH
122419% - 292205067 .926 24,27
T2,L24 ¢ 69725 - 19567,133 337 22.6%
£3,119 « 11,563 - 15,564 ¢ B679274 851 20.2%
PELVIS 7 MOMENT FROM:
WEIGHT STATURE SUPRATLIAC CONSTANT R SE EST
SKINFOLD
2‘4’129 - 2’156’9‘5? 0935 20.5%Z
2635+6 = 27,129 4 1,875,223 .958 16.9%Z
23,814 -~ Chylky + 122,921 + 1,535,882 .963 16.1%
THE PPINCIPAL NMOMENTS OF INERTIA
RANGE ME AN SeDe
X=-AXIS 363,285 - 2,338,945 201,158 451,582
Y=AXIS 253,450 - 2,673,753 7274256 460,136
Z=AXIS L34p680 = 3927%9031 1,261,623 713,023

PRINCIPAL AXES OF INERTIA WITH RESPECT

COSINE MATRIX EXPRESSED IN DEGREES

X Y P4
X 2.77 S0.37 92
Y 83.62 « 37 90.
r4 87.2€ S0.C1 Ze

T SY
290 ST
7h ST

T0 ANATOMICAL AXES

D UEV, OF RCT. X = 1.86
De DE¥. OF ROT. ¥ = 10.47
B DEV. OF RCY. Z = 5,27
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ANTHROPOMETRY
OF SEGMENT RANGE MEAN Se0e
ACROM=-RAD LTH ,
25.6= 32.8 29,74 1.65
AXILLARY ARM CIRC
2446 40,1 30.26 3.74
BICEPS CR RLXD RY
22.5~= 38,6 27.82 3.67
BICEPS CR FLXD RY
. 22.6= 40,3 28,84 3.6%5
ELSON CR 20.3~ 29.2 Chob2 1.94
AXILLARY ARM DEPTH
8e.2= 15.4 11.36 1.59
8ICEPS UPTH RLXD
, Tel= 12.9 9.26 1.27
cLBOW BR RY
Sel~ €.9 S e9% k2
TRICEPS SKINFOLD
«9= Gaolo 2.00 «58
8ICEPS SKINFOLD
.3‘ 208 1917 54

Yn

FU ARM VOLUME
RANGE MEAN S.0.
95 - 2,580 1,557 351

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE MEAN Sele
XoAXIS “072 - 133 -.09 obB
¥Y=-4X1S 1.85 - 3.36 2.81 %3
Z=AXIS ~=18.59 - =13.15 =15,87 1.03

LOCATION OF THT ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN
X=MEAN X-S.D, Y-MEAN VY=-S5.D. Z-MEAN 2-S.0.

RIGHT ACROMIALE .00 0.08 %. 00 0.00 .00 .08
RIGHT OLECRANON =230 sa3 ke BC 239 =28.70 i.57
R MFED HUM FPICON f.00 .00 7.04 «67 =29.00 1.66
R LAT HUM EPICON 0.00 0.00 0. 00 2.00 =28.02 1.5%
RIGHT RADIALE 31 » 36 82 46 -23.82 1.54

LOCATION OF THE CUT CENTROID FROM THS ANATOMICAL AXIS ORIGIN
X~MEAN X~S.D. Y=MEAN- Y=ScD. Z-MEAN Z-S.0.

| RIGHT SHOULDER -1.75 2,47 . 2.7h 081 =6.20 .98
P 'RIGHT ELBOW '1545 2¢60 3.62 Y- ‘28.“? i.69
|

|

, 28
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RIGHY UPFER ARMS REGRESSICK EQUATIO

RIGHT

STATURE WE I GHT
VOLUME =z 2.45 ¢ 11,91 -
X MOMENT = 1,336 ¢ 671 ~
Y MOMENY = 1,162 + 805 -
Z MOMENT = -139 o 319 =~

RIGHY UPPER ARM YOQLUME FROM?

WEIGHT ELBOW CIRC ACROM=-RAD
LTH
12,43 -
8.204 ¢+ 61.26 -
Ta33 ¢ 67.83 ¢ 19.49 -
RIGHT UPPER ARK X HOMENT FROM?
REIGHT ACFON-RAD AICEPS LR
LTH FLXD RT
735 -
540 » Bby232 -
193 ¢ 8,110 ¢ 3,285 -
PIGHT UPPER ARM Y MOMENT FRONM:
WEIGHT ACRON-PAD BICEPS CR
LTH FLXD RT
999 -
7k ¢ Syh31 -
234 + 73618 ¢ 3,826 ~
RIGHT UPPER ARM Z MOMENT FROME
BICE®S CR WEIGHT BICEPS CKk
FLXD RT PLXD RY
2’335 -
15326 ¢ 145 -
2,813 » i5¢ - 1,546 -

THE PRINCIFAL MOMENTYS OF INERTIA

RANGE
X=AXIS k0y756 - 156,889 87
Y-AXIS 42,687 -~ 175,200 91
Z~AXIS 7,789 ~ 19

43,158

NS

CONSTANT
518
2304521
2085802
3,337

[ ]

CONSTANT

152.87
1,160,228
i9714.08

CONSTANT

244571
188,046
2?5,694

CONSTANT

36,156
178,606
250,594

CONSTANT

48,280
39,484
40,280

MEAN
471
2966
2163

25
27
e

UPPER ARM VOLUME AND MOMENTS FRCM STATURE AND MWEIGHT

R -SE EST
§567 0. T%
919 £1.6%
931 11.3%
953 14.5%

R SE& EST
356 6.7%
9867 5.9%
370 B.7%
R Sg EST
«8712

3-1'%
+956

1407
9.8%
B.7%

R SE EST

«303 13.2%
«94% 9.7%
962 8.8%

R SE EST

e95h 13.8%
972 11.2%
376 10.4%

S.0.
2278
9 845
29210

PRINCIPAL AXES OF INERTIA RITH RESPECT 7O ANATOMIGAL AXES

COSINE MATRIX EXPRESSED IW

X Y Z
X 28,64 62.1% 83.86 ST
A 118.51 29.27 83-94% ST
4 92.52 98.26 8.64 Y

............

DEGREES

O.
De
De

DEV. OF
DEV. OF
DEV. OF

--------

ROT- X = 2ell
ROT. ¥ = 2euly
RCTs Z = 12.70

.........
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TEELE 7

RIGHT FOREARM

ANTHROPOMETRY
OF SEGMENT RANKGE MEAN S+l
PAD-STYLION LTH _
200“- 25.7 23.07 1.26
EL30W CIRC
203~ 28,2 24,42 1.94
MIDFOREARM CIRC
1?.7' 27.9 21,22 2.29

NRISY CIRC :
13.8- 1903 15.72 1.1
MIDFOREARM BR

5.7- Q,2 ?013 P 4-3
MRIS‘ 8r 3.8~ 5.9 75 o306
ELSOW BR RT

Sel~- 6.9 5 .90 o2

RF ARM VCLUME
RANGE MEAN SeDe
593 = 1,404 935 194

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE MEAN SeDs
X=AXIS 1.01 - 2.96 1.77 il
Y=AXIS -2.11 - «69 - Th «5S7
Z-AXIS =-9,85 - ~T.27 =-8.61 +67

LOCATION OF THE ANATOMICAL LANOMARKS FRCM THE ANATOMICAL AX1IS ORIGIN
X=-MEAN =8 oNe Y -MEAN Y=SeDo Z=-MEAN Z2=540)e

RIGHT OLECRANON 93 93 3.39 «65 1.88 a8
R MED HUM EPICON bs50 i.19 3.86 L1063 +329 51
[ RQDI‘L STYLOID d.00 3.06 =5.43 o 43 =22.98 124
K ULNAR STYLOID .00 G.00 G. G 0.00 <~22.8% 1.23
RIGHT. RADIALE 2.06 0.00 .00 2.00 6.29 0.00

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
X=MEAN X.SQQG Y=-MEAN- Y-S,D. Z'HEAN Z-SDD.

RIGHT ELBOW 1.28 1.92 2.59 145 1,82 t.10
RIGHT WRIST ~e31 3.46 =2.12 1,63 =22.53 1.66
30
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RIGHT FOREARMS

REGRESSION EQUATIONS

RIGHT FIREARM VOLUME AND MOMEMTS FROM STATURE AND WIIGHT
STATURE WF IGHT CONSTANT K SE EST
VOLUME = «338 + 5.9 ~ 45 4860 10.8%
X MOMENT = L26 + 289 ~ 685,105 801 17.3%
Y HOMENT = @37 + 267 - 68,262 787 17.7%
Z MOMENTY = -56 + 3 + 29687 48563 20.2%
FIGHT FOKFARM VOLUME FROM: .
EL304 CIRC WRIST CIRC RAU=STYLION CUNSTANT R SE EST
LTH
95.26 - 1,3‘02.'!'1 .9310 IIE'./-
h8.25 ¢+ §7.70 - 1,481,553 by T0%
6l.12 ¢ Sl. 42 ¢ 18 .89 =~ 1’835029 952 T A 4
RIGHT FIrFARM X MUMENT FRuUMS
FLA04 CIRC PAD-STYYLION WRIST CIRUG CONSTEANT R SE EST
LTH
5'3*0 - 81!657 «838 15,57
Lydn2 ¢ 3,111 - 156,393 .896 12.8%
35124 + 3,268 ¢ 25296 - 146p 381 903 12.F%
RIGHT FIOREARM Y MOMFNT FROM!
ELBOA CIRC KADR-STYLIJON HWRIST CIRC CONSTANT R SE EST
LT
by?715 - 75,134 819 16.3%
Ly0J1 + 3,229 - 132,450 .,338 13.2%
24772 ¢ 3,380 + 25279 =~ 141,367 896 12.9%
RIGHT FIRFAR™M 7 MOMFENT FROMS
MIDFOREARM. ELBOW CIRC WRIST CIRC COUNSTANT R SE€ EST
CIRT
1,212 - 184186 940 13.5%
635 ¢ 736 - 234594 ,L,955% 11.9%
439 + 663 ¢ 406 - 25,H40 L9957 11.7%
THE PRINCIPAL MOMENTYS OF INERTIA
RENGE ME AN Sede
X=-AXI3 19,966 ~- 7d5318 k1,39 11,6606
Y=-LXIS 19,086 - 75,20% 334760 11,147
7-AXIS I8 = 15,553 743529 2y 94

PRINCIPAL AXES OF INERTIA WITH RESPECT TO ANATOMICAL AXES
- COSINE MATRIX EXPRESSED IN DEGREES

X
25.52
©5.83
b2e 26

i

N ™

Y Z
15005 94.53
25464 33,59
84,12 973

T TN PR T 7

570.
STD.
ST0.

31

DEV.
DEV.,
DEV.

13
oF
OF

R0Ts X = 2ol 2
RUT. Y = 2.35
ROT. Z = L2.81

........
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RIGHT HAND
ANTHROGPOMETRY
OF SEGMENT RANGE MEAN SeD. "
HRIST CIRC

13.8~ 19.0 15.72 1.16
HAND CTIRC 16.5- 20.6 18.85 92
HAND BR 67T~ 8.5 776 L0
META III-CACY LTH

7.6' 1092 B.99 51
HAND LT® 15,0~ 19.2 17,08 + 84

R HAND VOLUME
RANGE MEAN S.De.
24t - 466 b L8

LOCAYION OF THE CENTER OF VOLUME FROM THE ANATOMITAL AXIS ORIGIN

RANGE MEAN S.De.
X=-AX1IS -s 5b - 1.56 79 o446
Y=AXIS b3 - 1.67 «90 28
Z=AX1S o7l - 2:89 1.55 + 45

LOCATION OF THE ANATOMICAL LANDHARKS FROM THE ANATOMICAL AXIS ORIGIN
X=MEAN X=S,00. Y=MEAN Y=-3.0. Z-MEAN Z-S.0.

R RADIAL STYLDID 2.16 1.50 -2 03 51 Te33 «60
R ULNAR STYLOID =+10 1.26 heTh 58 Bele7 «60
R MEVACARPALE V 0.00 0.00 we 75 37 .00 .00
R HMETACARPALE 1IX 0.00 G.00 =2.95 23 .80 8.00
RIGHT DACTYLION 0.00 0.60 027 5.35 -3.85 «655

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
. X=MEAN X=S,0. YaMELN YaSelo Z=-¥MEAN Z-S.D.
RIGHT WRIST =206 3.77 2.55 1.923 726 i.1d

32
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RIGHT HAND:

QEGKRESSICON EQUATIONS

"RIGHT HANL VOLUME AND MOMENTS FROM STATURE AND WEIGHT
STATURE HWE I GHT CONSTANT R SE EST
VOLUMZ = 1.87 ¢ 1.3+ - 105 4735 J.6L
X MOMENT = Q4 ¢ 3k - 129523 745 15.87%
Y MOMENT = 30 ¢ 3¢ - 12,185 <70 15.6%
Z MOMENT = 10 + i1 - 1,062 +06656 17.6%
PIGHT HAND VOLUME FROMS
WRIST CIRC HAKD B8R META IIT- CCNSTANT R SE €°1
: DACT LTH
35.29 - 210.93 0361 7-27.
26.19 + Lio33 - 41149% 4909 5.9%
28e14 + 3€E.37 ¢ 1F .83 = £84.95 4923 5.EX%
RLIGHT HAND X MOMENT FROMS
WRIST CIRC HAND LTH HAND BR CUNSTANT R SE f£3Y
1’2“3 - 11’521 oﬂﬁg 13.82
910 4 323 - 22,356 890 10.8%
RIGHT HAND Y MOMENT FROM3
WRIST CIRC HAND LTH HAND BR CONSTANT R SE EST
1,031 - G,717 791 14.5%
720 ¢ 453 - 19,513 .8690 10.9%
625 + 765 + 532 - 231,306 .899 10.6%Z
kIGHT HAND Z MOMENT FROM:
WRIST CIKC HAND BR META III- CONSTANT R SE EST
DACT LTH
54 - 3543 040 12.5%
24k ¢+ 532 - 5,867 9354 G.¢Y
Ze+0 ¢ L33 ¢ 72 - 6,100 «910 9.6%
THE PRINCIPAL MOMENTS OF INERTIA
RANGE MEAN SeDe
X=AXIS hpbTh = 12,640 Ty714 1,791%
Y-AXIS 3,790 - 10, 367 £90463 1,518
1,180 - 3679 25100 @87

Z-AXIS

PFINCIPAL AXES COF INFRTIA WITH RESPECT TC ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN OEGREES

K Y 4
X 1717 77.02 104.
Y 10%.12 18.08 161,
Z 82.06 75.53 i5.

34 STO. DEV. COF
B4 STD. DEV., OF
71 S70. DEV. OF

33

RO?Q X = 3-19
RWT. ¥ = 7."9
ROT. Z = &,49
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RIGHT FOREARM PLUS HAND

AMTHROPOMETRY _
OF SEGMENT RANGE MEAN SebDe
FOREARM + MAND LTH

3S5ebh= 4343 40.15 1490
ELBOW CIRC

20e3~= 29,2 24.42 1,84
MIDFOREARM CIRC

27.7‘ 27.10 21.22 2o29
WRIST CIRC .

13.8- 19.0 15.72 1.16
MIDFOREARM BR

Bel= 9,2 ?013 076
WIIST 8 38~ &,9 G.7o o 34
HAND- CIRC 16.5~ 20.6 15,85 «32
ELBOW BR RT

B.1=- 6.9 5 .94 b2
AAND BR GQT- 8¢5 7075 t“ﬂ
META IIT-DACT LTH

76~ 10.2 8.99 151
HAWD LTH 15.0« 19.2 17,08 « 84

F FARM#H VOLUME
RANGE MEAN S.0e.
336 = 1,843 1,279 233

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE ME AN SeDe
A-AXIS o loly - 2.08 1.43 i
Y-AXIS -2.28 - =51 -1.34 «37
Z“AXIS '15:55 - =11.11 -13.97 «90

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN
X=-MEAN X=S.D. Y=MEAM Y=-S«Ds Z~-MEAN Z~S .0,

RIGHT OLECRANON +33 «93 35.39 «65 1.8% X 1
R RADIAL STYLOID 0.08 0.00 ~5.43 43 =22.98 1.24
R ULNAR STYLOID 0.0C D. 00 ¢.d0 0.00 <=22.85 1.23
RIGHT RADIALE 6.0 .00 0. 60 0.00 G. 00 0,00

RIGHT DACTYLION =1.21 20 32 ~1.04 563 =39.0L5 2.17

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
X-MEAN X-S5.D. Y-MEAN Y¥Y-S.,D. Z~MEAN 2Z~S.D.

RIGHT ELBOW 1.28 1.92 2.59 1.45 1.82 1.10

RIGHT WRIST “+91 T2 40 -2412 1.63 =22.53 1.06

34
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RIGHT FIRFARM PLUS HAND:

RIGHT FIREARM PLUS HAND VOLUME

REGHESSION SQUATIONS

AND MOMENTS FROM STATURE AND WFIGHT

STATURE WE I GHT CONSTANT F SE EST
VOLUME s 2.76 + 2.99 ~ 150 .862 G.47%
X MOSENT = 1,022 + 795 = Chhkyn3? 2843 1242%
Y MOMENT = L1yB34 2 o7 -~ 2%%,501 841 12.2%
2 MOMENT = -5 ¢ 187 » e (58 Wdfo 17.9%Z
RIGHT FJIRFARM PLUS HAND VGLUMF FRuUr:
ELROW CIRT  WRIST CTART FOREAR™ » TONDTANY R St ESY
HANRD LTH
112.30 - 1,‘056.18 093“ 5."\.’.
59.23 + 01156 - 1!‘;93-56 .95'5 7.‘.'-‘./-
Bl o33 4 T7.5% & LT 77 - C323%e%2 IDH S LO%
<IGHT FOREARM PLUS HAND X MCMENT FRuMs
tLA80W CIKC FORCARM & WRIST CI°C CONSTART R S5E FSY
Hn LTy
14,401 - 200,479 ,37%3 12,.%
11,322 » a,10u - L"545¢2% 43924 .17
Telal ¢ 7Ty320 ¢ 7y 314 - tbyuth 942 T.T7%4
RIGHT FIFFARM FLUS HANG Y MOMENT FRUMS
ELPOA4 CIKC FORFAxM + WRTST £1<2  ONSTANT R SE FET
Hand LTH
13,9”71 - 142,943 .326 124067
13,857 + Bylie - LaZyuls ,232 R.2%
79222 + 7y3hy + 74112 = CoPyI08 4340 Ter%
RIGAT FIrEARM FLUS HAND 7 MOMENT FROoMe
MIDFO<EARM  FLROW CIRC W2IST CIRe LCONSTANT x SE EST
CIRZ
1,376 - 19,357 944 11,3%
770 « 767 - 25,236 .958 9.9%
W37 » Dol * 52y - 29,375 .9R% T.2%
THE PRINCTPAL MOMENTS OF INERTIA
RANGE T AN SaTDe
X=4%I% 32,250 = 232,531 181 ,18: 3345306
Y-AXIS Rlyt?2 =~ 227,429 14R,259 2,823
7-8X1S Gy €78 = 19,299 9,843 3,333

PEINCTPAL AXFS OF INERTIA WITH RESPFCT TU ANATOMICAL AXES

COSINE MATRIX CIXPRESSED IN JEGHEES
X Y Z
X 17, 3¢ 15t . L3 35429 STU. NEV. IF ROT. X = 1.79
Y Tiee33 17.€5 G7.91 STDe DEV. UF ROT. ¥ =  2.%3



e i, = TR el T e A A R eRERL EI AR EHE 2 e s e = TR e

ANTHROPCHMETRY -
OF SEGMENT RANGE MEAN S.0.
ACROM~RAD LTH
2506' 3208 29.7Tk 1065
AXILLARY ARM CIRC
' ChoB= 0,1 3020 374
BICEPS CR RLXD LT
22.0= 48.9 27.71 3.85
BICEPS CR FLXD LTV
22,4 %2.3 2506“ 3.63
ELBOW CR 20.3= 29,2 24.42 1.9%
AXILLARY ARM OEPTH
B.2= 15,4 11.38 1.59
BICEPS OPTH RLXD ,
Tel= 12.9 9026 1.27
ELBOR BR LT
5.1= €45 5,92 37
TRICEPS SKINFOLD
- Leb 2.00 068
BICEPS SKINFOLD
03- 2.3 1.1? 05@

LU ARNM VOLUME
RANGE MEAN S.0.
920 - 2,903 14556 380

LOCATION OF THE CENTER OF VOLUME FROM THE ANATONICAL AXIS OkIGIW

RANGE MEAN Se0e
X=AXIS -+ Bh - 1.26 « 09 &5
Y=AXIS =3.69 - =-1.77 =2.70 Y4
Z2-AXIS ~18.73 - =13.25 -15.84 1.09

LOLATION OF THE ANATOMICAL LANGMARKS FROM THE ANATOMICAL AXIS ORIGIN
X=MEAN X=SeDe Y=4EAN Y=SeDe Z'HEAN Z—S.Do

LEFT ACROMIALE 0.08 2.490 0.00 8.00 8.00 g.00
LEFT OLZCRANON ~2.28 » 39 =3.76 «38 =28.60 1.66
L MED HUM EPICON 0.00 8. 00 -7.17 «90 =28.85 1.78
L -LAT HUM EPICON 0.40 9.00 ¢. 00 .00 -28.05 1.82
LEFT RADIALE ed2 o &0 «e 87 55 =29.93 1.67

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
X=MEAN X=S.G. VY-4HEAN Y-S.8. Z~-MEAN 2Z-+S.D.

LEFT SHOULJER a4l 2. 93 -2.8% + 80 =6.52 +73
LEFT EL3OW ~e 07 2580 “Lel3 «383 =28.50 1.62
36
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LEFT UPRER ARN

$ FREGRESSION EQUATICNS

LEFT UPPER ARM VOLUME AND MOMENTS FROM STATURE AND HEILGHT
STATURE WEIGHIT CORTTANT R SE EST
VOLUME = 91 ¢ 13,06 - 431 L9577 T.27%
X MOMENT = 1,062 o 782 =~ 192,530 L.907 13.6%
Y MOMENT = 1,080 + e - 19L3LB6 902 14.LiZ
2 MDONENT = -39 * 350 & 403 L3 17.2%
LEFT UPPER ARNM VOLUME FROMS
WEIGHT BICEPS CR ACFROM~RAD COUNSTANT R ¢ EST
FAXD LY LIH
13.15 - 295,74 2957 T.2%
8.2% + 3JE. b8 - 706.49 +959 6.17%
3.64L ¢ 65,37 ¢ L7 .57 =~ 2’2“1029 «981 4.6%
LEFT UPPER ARM X MOMENT FRONMB
WEIGHY ACFOM-RAD BICEPS CR CUNSTANT R SE EST
LTH RUXD LT
a?s - 364,212 .883 14.9%
Tu?7 + 5,144 - 172’258 4927 12.0%
32 + 64151 ¢ 4y 567 -~ 294,725 +949 10.2%
*
LEFT UPPER ARM Y MOMENT FROM?
WEIGHT ACROM=-RAD BICEPS CR CONSTANT R SE EST
LTH RLXD LT
9% 4 - 46,583 .892 15.2%
1332 + 8’2?3 + 5, 310 - 3159555 967 11.1%
LEFT UPPER ARM Z MOMENT FROMZ
BICEPS CR WE IGHT ACROM~RAU CONSTANT R SE EST
FLXD LT LTH
22510 - 52,39% +.956 15,34
1,533 + 143 - 54,422 .969 13.1%
1,887 + 87 + 574 = 633325 971 12.7%
THE PRINCIPAL MOMENYS OF INERTIA
RANGE ME AN SeDe
‘A-AXIS 33’537 - 1%‘#,721 87 ’139 27"#31
Y=-AXIS 41,4377 - 205,210 82,124 30,532
2=AXIS 7,089 ~ 59,214 19,378 10, 047

PRINCIPAL AXES COF INERTIA WITH RESPECT TO ANATUMICAL AXES
COSINE MATRIX EXPRESSED IN DEGREES

X Y yA

X 25.42 11k .EQ 84e33 ST0. DEV. OF ROT, X = 268
Y bha72 26417 QL. 32 STD. UEVe OF ROT, ¥ = 2,21
4 92+ 45 8iL.86 Bs51 STD. DEVe OF ROT. 2 = 11.85

-
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LEFT FOREARM

ANTHROPORETRY
OF SEGMENT RANGE MEAN Se.D.
PAD-STYLION LTH . .

200b= 25.7 23.07 1.20
ELBC® CIRC

20e3= 29.2 24.%2 1.9%4
MIDFOREARM CIRC

' 17 7~ 27,0 21422 2.29

WRIST CIRC

13-3' 19.3 15,72 1.16
MIDFOREARM SR

5.7- 8.2 713 o 76
HRIST BQ 3.8~ .9 475 34
ELBCW AR LT -
Sel~- €.5 5 .92 37

LF ARM VOLUME
RANGE : MEAN S.0.
552 = 1,385 923 135

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS OrIGIN

RANGE - : MEAN SeDe
X~-AX1S 1.17 - 2¢93 1.81 «33
Y=AXIS -.23 - 2+16 79 +55
Z=AXIS -9,86 - -6.87 -83.53 55

LOCATION OF THE ANATOMICAL LANOMARKS FROM THE ANATOMICAL AXIS ORIGIN
X=MEAN X~S.0. VY=MEAN VY-S,0. Z=MEAN Z=-5.0,

LEFT OLECRANON 83 083 ~3. 21 61 1.93 o bl
L RADIAL STYLOID 8.00 0.09 5,50 2 =22,82 1.27
L ULNAR STYLOID 0,00 0.00 0. 90 0.00 =22.325 i.13
LEFT RAODIALE .00 0.900 0.00 .00 .00 .00

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXTS ORIGIN
X=-MEAN XoSeDoe Y=MEAN ¥=Se0o Z=MEAN Z2=S«0,

LEFT EL3OW 2el? 2.23 -1.82 1.7% 1.39 1.01
LEFT WRIST l.106 3.54 2.88 1.36 =23,10 1.63%
38
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LEFT FOYEARME REGRFSSION EQUATIONS

LEFT FOQREARM YOLUME AND MUMENTS FROM STATURE

STATURE WEIGHT CINSTANT
VOLUME = «19 ¢ 6.0L + 33
X HMOMENT = L22 ¢ 30t - 69,009
Y MOMENT = L4 + 28L - 75,17H
2 AOMENT = -0l ¢ ar ¢ 34318

LEFT FORQELRM VOLUME FROM:

EHO WEIGHT
R SE FST
oBBI 11.1%
030% 17.8%
«783 1d.8%
«871 2l.1%

ELROW CIRC RAD-STYLION MINFOREWLIM CONSTANT R SE EST

LTh CIRC
320’5 -~ 1,3h2t11
83.37 « 20.15 : - 1,093.E9
30.95 ¢+ .41 ¢ *GeY ~ 1,?13-20
LEFY FO2FAFM X MOMENT FROMI
ELAOA LIRS RAD=STYLION MIODFOREARM CONSTANY
LTH CIRC
H,077 - R2, 776
44,2584 + 347584 - 1hG 45621
1,??5 + k,bﬂ% * 2’5“9 - 1&3,517
LEFT FOREARM Y MOMENT FROM3
FLB0W CIRC RAD-STYLION MIDFURE&RM COUNSTANT
LTH CIRC
4,733 - 77,374
39910 + ¥y -1 - 129,318
§%9 + wyI06 + 2y 594 =~ 150,027
LEFT FOREARM Z MOMENT FROMI
MIOFIREARM ELSOW CIRC MIGFOREARA CCNSTANY
v IRC 218
1!1"7 - 17’90q
5265 ¢+ 712 - 23,358
1,057 ¢ 567 - 1,242 = 224583
THE PrIJCTIPAL MOMENTS OF INERTIA
RANGE MEAN
X=AX1S 174917 - 73,321 61,197 12
Yy-a4xIs 17,132 = 75,313 Jq,672 1t
Z‘AXIS 3’321 - 1“,335 ?3283 2

814 17 .24
894 13444
«808 $12.7%

o F85 18.7%
wDDuw 1%43%
»599 13,.%%

kK SE EST

2931 1wefZ
«94? 13.2%
W9u1 1Z2.8%

Sede
y 136
y Bhb
1816

PRINCIPAL PXES OF INERTIA WITH RESFELY TO ANATOMICAL AXTS
CCSINE MATRIX EXPRESSED IN JTGREES

b4 Y 4
) 4 2“.11 fo. bl 94059 STD.
Y 112’6“ 2o bl 81.02 8T D.
z 82.18 96,37 10.1% 5T 3.

DF V. OF
DEV. OF
OE¢. OF

ROT! X = 3021
ROV, Y_= 2438
ROT. 2 = 12.93

LR L e
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TAELE 12

LEFT HAND
ANTHROPOMETRY

OF SEGMENT RAMNGE MEAN £s0s
WRIST CIRC

13.8~ 19.6 15.72 1.16
"HANG CIRC 16.5- 20.6 18.86 92
HAND 8R 6.7 £E.5 7.7% «&Q
META III-DACT LTH

7.6' 10.2 8-99 «51
HAND LTH 15,8« 19,2 17.048 « 84

L HAND VOLUME
RARGE MEAN S.D.
236 - L4H9 334 47

LOCATION OF THE CENTER OF VOLUME FKOM THE ANATOMICAL AXIS ORIGIN

RANGE MNEAN S.0.
X‘AXIS =71 - 1.24 «39 'Y
Y-AXIS =1.34 - -e 32 -.90 22
Z2-AX1IS +85 - 2.50 1069 «33

LOCATION OF THE ANATOMICAL LANDMARKS FROFM THE ANATOMICAL AXIS ORIGIN
X=MEAN X~S.0s VY<MEAN Y=S,0. Z~MEAN Z-S.D.

L RAJIAL STYLOID 1.13 1.137 22 «50 757 ol
L ULNAR STYLOID -+69 1.0? -4. 80 o ie? .40 «63
L METACARPALE V f.a0 .00 . 7Y -1 028 0.00 0.00
L METACARPALE II 0.30 0.00 20 I 26 6.00 8.00
LEFT DACTYLION .40 C.00 o b7 62 -9, 71 +55

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
K-HEAN X'S -D. Y‘HEAN ¥=-8 ono Z-HEAN Z“SoDo
LEFT WRIST 1.38 . 04 =2s hi + 87 0.98 « 29

e
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LEFT HAND? REGRESSION EQUATIONS

LEFT HAND VOLUME AND MOMENTS FROM STATURE AND WEIGHT

STATURE WELGHT COMSTANT R SE £S1
VOLUME = «92 ¢ +83 ¢+ 70 aBLp 12.1%
X MOMENT = 58 ¢ 23 - 9140 o515 19.4%
Y MOMENT = 55 ¢+ 1§ = SsC91 439 19.5%
2 MOMENT = S ¢ g - E6 587 20.5%
LEFT HAND VOLUME FROM

HAND BF WRIST CIRC HAND LTH CONSTANT R SE EST
B7.86 + 0= LT 0 JT38 .64
605646 + 1. 39 - 377.22 796 8.T%
5006“ & 12@8“ + 12 .67 = “?6.76 819 ok

LEFT HAND X MOMENT FROM?:

HAND B8R HAND LTH WRIST CIRC CONSTANT R SE EST
27904 - 15,089 ,5697 16.0%
14958 + 331 - 21,944 L7837 14.17%
1577 ¢+ 735 + 276 - 21,H87 797 13.8%

LEFT MAND Y MOMENT FROM!
HAND LTH HAND 38R STA TURE CONSTANT R SE EST
1,152 - 13,380 697 15.9%
739 ¢ 1,425 - 18,243 <777 14hoi%
1,032 + 1,436 - 50 - 14,510 o792 13.9%
LEFT HAND Z MOMENT FROM?S
HAND 38R WRISY CIRT STATURE CONSTANY R SE ESY
Sabk - 59332 778 15.3%
6“3 + 169 - 5,661 + 844 13022
673 + 178 - § - 49799  J8LG 13,27
THE PRINCIPAL MOMENTS OF INERTIA
RANGE ME AN S.D.
X=-AXIS Ly 359 -~ 11,460 T e 1:648
Y-AXIS 3y 786 ~~ 9y 44l 5,288 1,382
Z=-AXIS 1,056 ~ 3,311 1,293 480

PRINCIPAL AXES OF INERTIA WITH RESFECT TU ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN DEGREES

X Y Z
X 14.66 102,33 97,81 STC. 0OE V. OF ROT. X = 3019_
Y 76.32 17. 36 7350 §T0. DEV. OF ROT. ¥ = S5.48
Z 440 80 182.03 13.14 STD. DEV, OF ROT. Z = 4476

43
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ANTHROPOMETRY
OF SEGMENT RANGE HEAN $eDa
FOREARM ¢ HAND LTH
35.9= 43¢3 40.15 1.90
ELBOW CIRC
Cle3= 25,2 2L,42 1.9%
MIDFOKEARM CIRC
1?.7- 2700 21.22 2.29
WRIST CIRC
13.5- 1900 15.72 1016
MIDFOREARM BR
Se7= T2 7.13 76
WRIST B8R 3.8 EB.9 K75 34
HAND CIRC 16.5~ 2046 18.86 «32
ELBOH B8R LY
5.1 6.5 5.92 37
HAND 8R HeT- 8.5 7.76 240
META III-DACT LTH
7T.6- 1002 d .99 051
HAND LTH 15.0~- 19.2 17.08 - o Bl

- L FARM+H YOLUME
RANGE MEAN S.0.
786 = 1,7h8 1,258 227

LOCATION OF THE CENTER OF VOLUME FRDOM THE ANATOMICAL AXIS ORIGIN

RANGE HEAN SeDe
X-axIs obe = 2,30 1e17 35
Y-AXIS 79 = zablb 1443 .38
Z=AXIS ~-156.37 -~ =22.05 =13.84 «95

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATCMICAL AXIS ORIGIN
X-HE&N X‘SODQ Y“Eﬁ" Y“S.ﬁ. Z'HEQN Z'S.Do

LEFT OLECRANON 53 33 -3.21 +B1 1.93 obth
L RADTIAL STYLOID 0.08 0.00 5.50 b2 =22.82 1.27
L ULNAR STYLOID 9.0 - 0.00 6. 00 2.00 =22.95 1.13
LEFT RADIALE 0.08 0.00 0.90¢ 000 .00 .20
LEFT DACTYLION -2.086 2039 2.22 1.81 =39.48 2.02

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
X=-MEAN X=So0. Y-MEAN VY=S.D. Z-MEAN Z-S,D.

LEFT ELIOW 2.47 2.23 ~1.82 1.75 1.39 1.0%

LEFT WRIST 1e16 3.5u 2.88 $1.36 =-23.10 1.63
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LEFT FORIEARM PLUS HAND:

---------

REGRESSION EJQUATIONS

---------------

LEFT FOREARM PLUS HAND VOLUME AND MOMENTS FROM STATURE AMD WEIGHT

STATURE WEIGHT CONSTANT
VOLUME = 1.11 ¢ 6.836 + 108 .
X MOMENT = 1,572 + 736 - 2iR,823 o
Y MOMENT = 1,537 + 755 = 2lo,7040 .
Z MOMENT = -h2 + 10b + Lyl
LEFY FOREARM PLUS HAND VOLUME FROM3
ELBOW CIRC FOREARM o MIODFOREAR“ CONSTANT
HAND LTH CIRC
107.71 - 1]3?2050
100,39 + 19,28 - 1,967.¢9
““o’g A4 27028 + “7093 - 1’9“8-50
LEFT FOREARM PLUS HAND : 10MENT FROMI
ELBOW CIRC FOPZARM & HAND B8R CONSTANT
HAND LTH
13,631 : - 184 ,4,6F2
10,504 + 84370 - £L33,7.2
3,933 ¢+ 7y301R ¢ 79978 = £524542
LEFT FOXEARM PLUS HAND Y MOMENT FROM1
ELB0A CIRC FOREARM + HAND BR CUNSTANT
HAND LTH
13,235 - 1?&,9“9
10,133 + 8,083 - L26y471
Gybolh & 7,662 + 7Ty426 - L53,270
LEFT FOREARM PLUS HAND Z MOMENT FROMS
EL20A CIRE MICFOREARM MICFOREAR4 CCNSTANT
CIRC BR
1.B51 - 28,588
814 & 561 - £4,800
770 « 1104 - 1,215 - 2hydal
THE PRINCIPAL MOMENTS OF INERTIA
RANGE HMEAN
X-AXIS 76,108 =~ 212,147 18,212 32
Y=-AXIS 74,903 - 205,974 165,527 31
Z=AXIS Ly 11y - 17,838 9,520 3

R SE EST
852 9.T%L
830 12.5%
627 12.5
3bs 17.5%

k SE £ST
Te1%

b7%
.07

«921
«93%3
ogﬂ?

R SE EST

«815 12.8%
«923 B8.E%
«327 E.5%

R SE EST

«307 13,0%
«922 8.¢6%
+925 8.6%Z

R SE EST

933 12.46%
+950 10.9%
«953 10.7%

S«0s
s 451
s 742
y 245

PRINCIPAL AXES OF INERTIA WITH RESFECT TO ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN UEGREES

4 Y z
X 10.56 Thobt 95.46 ST,
Y 104.70 10.97 81.70 STD.
Z 82,54 6.5 3.95 STD.

' 43
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B —

"ANTHROPOMETRY -
- OF SEGMENT RANGE
"81TROCH BR
; 27 .4~ 36.8
309~ 45.4
RC
. 83.5-130.2
UPPER THIGH CIRC
#6.5~ 7305
GLUT FURROW DPTH
14 e~ 2446
BUTTOCK DEPTH-
-18-1” 35.7
KNEE 8R RT

MEAN

Do 31,63
HIP BR 37.25
-BUTTOCK CI

- 108.08

59.4h
'18.92
24412

7.5= 13.0
MIDTHIGH CIRC
39.9~ 69.0
KNEE CIRC 30.7"5“05
MIDTHIGH DEPTH
12,4~ 23,5
THIGH LTH 35.6~ 47.9

8.91

51.92
36.97

'16050
4i.15

R THIGH VOLUME
RANGE MEAN
5,831 - 17,522 16,070

.......

B m e ¥ AL a0

SeDe

1.99
- a3k

9.69
€63
2.00
3049

57

Sebi
284

205
2.51

S.0.
2+136

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE
X~AXIS =4.88 <~ 451
Y~AXIS S5.63 - 2.75
- ‘13.67

Z=AXIS ~17.55

MEAN S.D.
-1.78 1.12
716 79
'15.57 1.00

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN

X-MEAN
R TROCHANTERION 0.00
F. LAT FEM CONDYL 0.00
R MEG FEM CONDYL t.00C
RIGHT TIBIALE 1.99

'1.3“

RIGHT FIBULARE

'LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN

H=MEAN ¥X=S,0.

FIGHT HIP
RIGHT KNEE

6.30
-,73

M T A T T, AL T T T TR T o T e T . ERa el Sail S

X‘SQDQ Y-MEAN . Y=S5.0. Z-MEAN Z=S .0
§.00 J.00 0.900 008 8.00
0. 80 _0-00 2.00 =38,41 230
0.00 11.39 1.28 -kﬂ.ﬂi 2021

070 9.00 1015 '“1.75 2+34

« 85 -+ b1 29 —hzeH2 251

Y-MEAN Y-S.0« Z~-MEAN Z-5.D.

2413 B 47 1.3% 31 « 38
1.12 6.62 1.59 -358.88 231

e T T " o R, S P Y
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RIGHT ThiGH: REGRESSION EQUATIONS

RISGHT THIGH VOLUME AnD MOMENTS FROM
, STATURE  MWEIGHT
VOLUME = 5031 ¢ " 65,04 =
X MOMENT = 26,916 ¢ 9,314 - &
Y MOMENT = 279733 + 11,134 - b
Z MOMENT = 706 ¢ 79299 =
RIGHT THIGH VOLUME FROM3
"UPPER THIGH STATURE MIDTHIGH
CIRS CIRC
346452 -
316.30 ¢+ 86.64 -
12“-53 * 103.04 « 209 48 -
RIGHT THIGH X MOMENT FROM?
WEIGHT THIGH LTH BUTTOCK C
11,839 -
10,348 + 72,938 -
3492 ¢ 774558 & 135989 =
. RIGHT THIGH Y MOMENT FROMI
WEIGAHT THiIGH LTH HIDTHIGH
CIRC
13,615 -
12,142 + 69,319 -
74259 + 7355856 ¢ 274352 -
RIGHT THIGH Z MOMENT FROMS
BUTT3CK MIDTHIGH STATURE
CIR% CIRC
21,135 . -
12,652 + 15,848 -
13,3909 + 18,241 59638 -

THE PRINCIPAL MOMENTS OF INERTIA

RANGE
X=-AXIS 659,904 - 2,561,938 1,389
Y-AXIS 673,930 - 3,656,288 1,462
Z=AXIS 189,238 - 1,481,319 516

STATURE AND WEIGHT

CONSTANT R Sf£ ESTY
By770 o924 B8.3%
$584,794 L8395 13.4%
32874338 ,399 13.8%
£25;303 .913 17.3%
CONSTANT K SE EST
1052735 .916 8.7%
223700.80 Q942 7.3%
24,827,553 962 G.0%
CONSTANT R SE EST
287 5,0%1 808 17 .47%
3,069,518 .919 11.87
H4289,721 929 11.3%
CCNSTARNT kK SE EST
4564352 .835 17 .2%
35101,034  .9215 12.77%
4,007,559 .,926 12.1%
CONSTANT R SE EST
1,895,208 <923 16.6%
1’62“’033 09“1 1“092
294304936 .,952 13.6%
MEC AN SeDo
11 407,093
9212 51,084
$974 221,582

PRINCIPAL AXES OF INERTIA WITH RESPECT 70O ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN JEGREES

X Y Z
X 13,90 101.51 82.32 ST
Y 78. 30 1571 90,60 ST
Z 97 4 40 57487 7.70 ST

Ce
B,
Je

DEV.
DEV.
DEV.

OF ROT. X
OF ROT. Y
OF ROT., Z

1.6
371
14.66
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ANTHROPIMETRY
OF SEGMENT . RANGE
CALF LTH 29.9~ 40.3
CALF DEPTH

8elp=
boiy=

1643
ANKLE 8K 6.3
KNEE BR RT

705'
KNEE CIRC 30.7~
CALF CIRC,4RT

2842~
ANKLE CIRC

1842 24,7
POST CALF SKINFOLD

1.2- Lel

10.0

47k

R CALF
RANGE
1,908 -

5,226 3

b4,5

NEAN
35,95

10.80
5.37

8.81
36497

35.43
21 .45
2,50

VOLUME
MEAN

9111

TABLE 15

RIGHY CALF

SeDe
2.06

9k
b2

57
2484

3.20
1.39
76

s. D.
607

LOCATION OF THE CENTEKR OF VYOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE
X=-AXIS -5e23 - «20
YeAXIS ~6.38 = =i,07
Z=AXIS ~16.17 = =10,55

LS

MEAN SeDe
-1.25 «82
- L LY 1y

-13.586 1.17

LOCATION OF THE ANATOMICAL LANOMARKS FROM THE ANATOMICAL AXIS ORIGIN

X=MEAN X=S.D.
g.C00
8.00
2+11
0.00

RIGHT SPHYRION
RIGHT TIBIALE
RIGHT FIBLLARE
R LAT MALLEOLUS

Y-MEAN ¥=ScD. Z=-MEAN Z=S.D.
0.00 0. 06 G.00 ~3bel5 2.03
0.00 g.01 3.00 0.010 .00
1.39 -9,71 «97 =-1.97 «90
0. 00 -5.57 + 37 -35.89 1.89

LOCATION OF THE CUT CENTROID fROM THE ANATOMICAL AXIS ORIGIN

X=MZAN X<~S,0.
’067
=-1el2k

RIGHT XNEE
RIGHT A¥KLE

Y=MEAN Y=S,00s Z-MEAN Z=S.D.
1.65 -3.66 100“ 2.65 «31
2.01 =3 28 «91 -=36.73 2. 00



RIGHT CALF: REGRESSION cQUATICNS

.....

-

-RIGHT CALF VOLUME AND MOMENTS FROYM STATUFE AND WEIGHT
) STATURE WEIGHT GONSTANT R SF EST
VOLUME = 1640 + 17 .54 = 1,037 847 10.6%
X MO4MENT = +yF35 o 29187 - 680,711 785 16.77
Y MOMENT = Ly 767 + 25121 - 7005368 o782 15.6%
2 MOMERNT = 33 * 592 - 205993 .8556 20.4%
RIGHT CALF VOLUME FROM:
CALF CIRC KNEE CIRC CALF LTH CONSTANT R SE ESY
RY
180.03 - 3’26?026 +94L9 b.2%
1‘00.16 * 51.83 - 3,7?008‘! 0957 5087.
137020 + L’?.Ql + -':3092 - k,?‘oﬁ.‘"? +963 5.%%
RIGHT CALF X MOMENT FROMS
CALF DEPTH CALF LTH KNEE CIKC CONSTANT R SE ES8T
32,8565 - £26,5%6 .803 15.9%
70,825 + 154775 - 63,634 .862 i3.7%
33,442 ¢ 16,394 + 14,6494 =~ 1,114,312 ,894 12.2%
RIGHT CALF Y MOMENT FRIOM?
CALF DEPTH CALF LTH KNEE CIRC LOUNSTANT R SE EST
69,346 ¢ 164226 - 865,221 ,L,3063 13.5%
33,725 + 16,530 14, 000G - 1,209,350 833 12.2%
RLGHT CALF Z MOMENT FROM:
CALF CIRC KNEZ CIRC KHEE BR RT CONSTANRT K SE FST
#RT
Bs69% - 151,339 .950 1J.9%
h9830 i,013 - 161,651 9563 10.t%
2004 ¢ 1,661 - by 517 - 149,8¢3 +Sob 10.3%
THE PrINCIPAL MOMENTS OF INERTIA
RENGF MEAN SeDo
X=-AXIS 192, 415 - 661s410 SES$17Y¢ AH 4843
Y-AXIS 191, b¢6 - 650,694 JLT7 4 00F 35,8499
Z-AXIS 13,237 - 128,745 49,026 18,832

PRINCIPAL AXES OF INERTIA WMITH RESPECT TC ANATOMICAL AXES
COSINE MATRLIX EXPRESSED IM DEGREES

4
X 1.27
v Q1,0F
z 89,433

e i B el B

LI T B

Y z
ERLG8 30.04 STO. LEV. OF ROTe X = «96
1.61 83.35 STD, DFV. OF RWT. ¥ = 1.54
Yilebela 1.58 STD. OEV. OF ROTe Z = 30.26

---------
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RIGHT FQOT
ANTHROPIMETRY
OF SEGNENT RANGE HEAN SeDe
SPHYRION HT
52~ 7.0 65.26 «38
FOOT BR ?mS' 10-7 9.22 057
FOOT LTH 20.3- 26.2 23.%% 1.19
ANKLE BR 4.4~ 6.3 5.37 ol 2
ANKLE CIRC
18.2~ 2“07 21.“5 1039
SALL OF FOOT CIRC
19.4= 25.5 22.80 1.21
ARCH CIRC 19,9~ 2.7 23.21 1.1t
R FOOT VOLUNME
RANGE MEAN S« 0.
968 673 t03

hod -

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE MEAN
X'AXIS =-5.50 - '5&53 -Te22
Y-AXIS - 27 - +98 PY-1
Z=AXIS «45 - 1.57 1.02

S0
obh
«28
e30

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN

X=-MEAN X=5.0.
RIGHT SPHYKICN =10.55 « 84
R METATARSAL V ~2.09 +58
R METATARSAL I .30 0. 00
RIGHT TOE Il 578 -1
F. POS CALCANEYUS =17.57 «98

Y=MEAN Y=S.D. Z-MEAN Z=S.0.
.09 48 4e31 ele3
g TR «50 0.00 2.00 -
4. 29 45 8.00 9.090
.00 9.09 e 80 o0t
.00 0,00 0.00 0.00

LOCATION OF THE CUY CENTROID FROM THE ANATOMICAL AXIS ORIGIN

X'HERN X=8 oDo

RIGHT ANKLE ~12.81 1.73

B S L T A A S
..............................
...............

Y -MEAN Y-S.D.
1.863

Z-MEAN Z=5.0.

1.54 4e.58 » 4

------------------
................



RIGHT FO0T3

REGKESSION EQUATIONS

»

RIGHT FOUY VOLUME AND MOMENTS FROM STATURE AND WEIGHY

STATURET WETOHT CONSTAMY R SE ESY
VOLUME = B.48 & 1,51 - S38 4758 10.2%4
X MOMENT = 94 ¢ - 12,709 »704 18.3%Z
Y MOMENT = 505 ¢ §2 - 733275 <826 13.7%
Z MOMENT = 512 ¢ A7 = 71,115 3839 13.3%
RIGHT FJI07 VOLUME FROMI

FOOT LTH SPHYRION HT ANKLE CIRC CONSTANT R Sg EST
62,77 - 803.06 726 10.6%
51011 “' 118017 - 1,268.‘;5 0537 S.BIC
38,27 + 121407 + 22.70 =~ 1,475.7T4 4879 7.5%

RIGHT FJO0T X MOMENT FROM!?
BALL OF SPHYRION FOOT LTH CONSTANY ¥ SE EST
FOOT CIRC HT
?Jg hat 129368 -710 1?.72
621 ¢+ 1,412 - 17,829 +815 14.9%
YIS+ 293233 4 I65 - CB9218 842 14.0%
RIGHT FJIOT Y MOMENT FROM:

FO0T LTH SPHYRION HT WEIGHT CONSTANT R SE EST
3,636 - 67,518 .B45 12.6%
3yh3hH + 4,070 - 83,549 .889 11.2%
2,631 ¢+ 3,658 & 49 - T4y,865 914 10.0%

LAY £Y0Y T WOMTERT FROWMY

FOOT L7H WETIGHT SPHYRION HT CONSTANT R  SE EST
490319 - 70,574 .660 12.1%
34237 ¢ 59 - 62,111 ,896 10.0%
35,3523 + 52 ¢ 3y 160 - 754378 .919 9.6%

THE PREINHCIPAL MOMENTS OQF INERTIA

RANGT “E AN Selle
X-AXIS 2, HLE - 9,191 5,173 1,301
Y-AXIS 11,607 - 38,708 224558 5,338
Z-AXIS 12,219 - £9, 568 23,076 24636

PRINCIPAL AXES OF -INEPTIA WITH PESPECT TO AHATOMICAL AXES
COSINE MATRIX EXPRESSED IN JEGREES

X
X e 3%
Y 48, 31
2 83,86

_______

Y z
fHe 87 5h.39 §rg.
1u.91 73:18 SYBo.
10 .%1 13.09 57 0.

e - xr - e
LI L s Y S T e

OE¢e OF RGTe X
DFV. OF R0T. ¥
UEVe OF ROT. 7

-------

H N H

.........

13.594
2458
2.82



X'HEQN X-S.D. Y'HEAN
R TROGHANTFRION 0,00  0.00  0.00
R LAT FEM CONDYL  2.00  0.00  0.00
2 MED FEM CONOYL  0.00  C.00 11,39
KTGHT TIBIALE 1.90 e70 9,00
KIGHT FIBULARE -1.30 e85  =.51

S0
R S Tt Y TN

ANTHROPOMETRY
OF SEGMENT RANGE
THIGH LTH 35.6- 47.9
BITROCH BR

27 1= 36.8
BUTTOCK CIRC

83.5~1380.2
KNEE BR RT

T.5- 10.8
UPPER THIGH CIRL

4Lh 5= 73.5
MICTHIGH CIRC

39.3~ 69.9
KNEE CIRC 37~ 84,5
MIDTHIGH OEPTH

12.4~ 23.5
GLUT FURROW DPTM

1hel- 24:.5
SUTTOCK DEPTK

18.,1= 35,7

i

R THI=F
RANGF
3;736 - 11,570

¥OoL
ME
692

LOCAT1O0+4 OF THE CENTER OF

MEAN
bi.85

31.63
30,08
8.81
59 .kl

51,92
36.97

16.50
18.92

24a12

UME
AN
(4]

RANGE
X=AXIS -3.28 - 1.07
Y=AXIS .19 - S.3%
Z=AXIS <=24.04 - =18. 34

...........
...........

SeDe
251

1.99
2.69

57
Fo.03

Selsd
Ze84

2:05
200

3449

S0

1,389

s

VOLUME FROM THE ANATOMICAL AXIS ORIGIN

HEAN SeDe
=+.66 «83
5.77 «88
-21.930 1.486

LUCATION OF THF ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN

Y-S,0. Z=-MEAN Z-S,D,
c.00 0.68 g.08
G.BG -330“1 2.30
1.28 =40.81 2.21
1.45 =41,75 2.3

29 -42.52 2.51



RIGHT THIGH

RIGHY THIGH

- - .

MINUS FLAPE

MINUS FLAP YOLUME AND MOMENTS FROM STATURE ANT WEIGHT

REGRESSION EGUATIONS

STATUKE WE I GHT CINSTANT R SE£ ESY
VOLUME = 25.21 # £3.23 - 34879 o911 9.6%
X MOMENT = 3,931 ¢+ G4y 003 - 14621,956 808 15.6%
Y MOMENT = 3,117 » L,;76%5 - 19579708 867 17.0%
Z MOMENT = -03H4 + 3,918 = 181,293 .901 29.3%
RIGHT THIGH MINUS FLAP VOLUME FROM:
MIDTHIGH STATURE BUTTOCK CONSTANT R SE EST
CIRC CIRC
230.27 - 54989,26 .920 8.8%
220e3 4 62.83 - 15,299.33 356 6.0%
173.68 + 57.90 + 29481 = 15,058, 42 +900 bH.47
RIGHT THIGH MINUS FLAP X MOMENT FROHM?
WEIGHT THIGH LTH MIODTHIGH CUNSTANT R SE EST
CIRC
G,95%1 ) - 125,978 L8088 18,3%
L34 @ 244331 - L,674 4247 +881 14.9%
29237 + 263185 ¢ 14,973 - 1;471:0%3 897 1wa.1%
RIGHT THIGH MINUS FLAP Y MOMENT FROMS
HEIGHT THIGH LTH MIDTHIGH CONSTANT R SE EST
DEPTH
5,531 - 22'&,639 0826 19.0'/—
55132 » 21,1099 - 1.029,638 .370 1b.8%
23167 » 25,649 »* £3;261 - 19512,313 .893 15.5%
RIGHT THIGH MINUS FLAP 7 MOMENT FROMTt
MIDTHIGH WEIGHT BITROCH BR CONSTANT R SE EST
DEPTH
53,558 - £25,025 .925 17.&%
Jwy854 + 1,542 - £33,507 +939 16.1%
30,875 + 2,250 - 8,351 - 363,508 .943 15,8%
THE PRINCIPAL MUMENTS OF INERTIA
RANGE HF AN S.0.
X=AXIS 254,810 ~ 1,131,581 551,564 169,39
Y=AXIS 250,883 - 1,310,392 Sbl,h81 186,888
Z=-AXIS 94,202 - 795,051 258,845 118,428
PRINCTIPAL AXES 9F INERTIA WITH RESPECT TO ANATOMICAL AXES
COSINE MATPIX EXPRESSED IN DEGREES
X Y Z
X 8.12 81.59 89,538 STD. DEVe OF ROT. X = 1.55
Y 38,09 3.23 9i.76 STD. DEV. OF ROTo. ¥ = G114
Z 90. 56 68.32 1.80 S7D. DEV. OF ROT,., 7 = 22,27
51
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ANTHROPOMETRY
OF SEGMENT RANGE MEAN S.0D.
THIGH FLAP LTH
14,2~ 22.1 17 .96 1.75
BUTTOCK DEPTH
1841= 35.7 24412 249
GLUT FURROW OPTH
Tl el= 245 18.32 2.00
HIP 8R 30,9~ 4E.0 37.25 3.34
BUTTOCK CIRC
83.5-130.2 100.08 9,69
UPPER THIGH CIRC
46.5= 735 EG.44 S.63
ANT THIGH SKINFOLD
1ab~ 5.2 3.11 97
SISPINOUS BR
18.1- IX.2 23.25 296

k FLAP VOLUME

RANGE MEAN S.0.
2,096 - 5,952 34792 874

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

_ RANGE MEAN SeD.
X=-AXIS =7.78 - - ipip =3.61 1.62
Y'AXIS 5-67 - 10-‘07 T+81 +93
Z2=-AXIS  =b.74 - =3.56 -5,.,03 «80

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN
X-MEAN X=S .0 Y-MEAN YoSaDoe Z=-MEAN Z2=S.0.

RIGHT A3IS 5.49 2.29 5.82 1.4%1 6.45 1.26
SYMPHYSICN 8,85 2.88 17.0% 1.87 ~2.72 teis2
R TROCHANTERION J.00 0.00 0.080 d.90 . 8.810 0. 00
52
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RIGHT FLAPI REGRESSION EQUATIONS
RIGHT FLAP VOLUME AND MOMENTS FROM STATURE AND WEIGHT
STATURE WEI GHT CINSTANT R SE EST
VOLUKE = 35.80 ¢ 28.81 - 44891 .B817 13.5%
X MOMENT = 15431 ¢ 19458 - 305,849 .83 21.6%
Y MOMENT = 1,653 ¢ 29360 = w05,124 L870 21.0%
Z MOMENT = 1,250 # Jyhb8 - 43L,501 L8391 20.2%
RIGHT FLAP VOLUME FROM:
UPPER THIGH THIGH FLAP STATURE CONSTANT R SE EST
CIRC LTv
125433 - 39657.F3 .808 13.7%
91.38 + 212.14 - 59485.,73 .887 10.9%
20,90 ¢ 177.39 + 18.77 - 79623.86 893 1i0.8%
RIGHT FLAP X MOMENT FROMS
BUTTSCK THIGH FLAP STATURE CONSTANT R SE EST
CIRC LTH
be6o2 - 2204560 L8432 20.8%
39637 ¢ 10,439 L184971 .895 17.47%
3,635 ¢+ 8,319 » 1,041 - £€50,001 ,.,900 17.2%
RIGHT FLAP Y MOMFNT FROMS
SUTYCCK THIGH FLAP GLUT FURRUW CUNSTANT R SE EST
CIRC LTH DE PTH .
7230 - E269632 .868 20.8%
S9745 ¢ 15,396 - 857,469 .913 17.3%
3,033 ¢ 16,2465 + 155 146 - 68,909 .926 16.2%Z
RIGHT FLAP Z MOMENT FROM3
BUTTACK THIGH FLAP WEIGHT CONSTANT %8 SE EST
CIRC LTH
8,730 ¢ 16,916 - ©21,022 .929 16.4%
;632 ¢ 17,428 + 1,492 =~ 758,323 .936 15.7%
THE PRINCIPAL MONENTS OF INERTIA
RANGE MEAN SeD.
X=&XIS 52,820 - 303,273 128,976 £2;582
Y'AXIS 5393?3 - “52'85“ 193,96i 80,428
Z=-AXIS 93,138 - 6749783 2563496 111,035

PRINCIPAL AXES OF INERTIA WITH RESFECT TO ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN DEGREES

X
X 17.24
Y 73.5¢
Z 95, 0€

e T i o T T N T T T T S

- .

Y z
1064044 80.78
2i.89 10hke 04
73.91 16.90

...........

..........

.....

STDe. UEV. OF RAT, X = 5.24
STD. DEV. OF ROTs Y = 4.5
570. DFVe. OF ROT, Z = 12.28
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LEFT THIGH
ANTHROPOMETRY
OF SEGMENT RANGE MEAN S.0.
BITROCH BR

27 oi= 3608 31.63 1.99
HIP BR 3049~ 45.4 37.25 3.34
BUTTOCK CIRC

83.5-130.2 100.08 9,69
UPPER THIGH CIRC

L6.5~- 73.5 59.““ 5-63
GLUT FURROW DPTH

$hoi~ 24,6 18.92 2.00
8UTTOCK DEPTH -

18.14~- 35.7 2% 12 30“9

Ya

KNEE BR LT

Teb~ 1040 B.82 &7
MIDYHIGH CIRC

3909“ 69.0 51.92 Sl
KNEE CIRC 3047~ 445 36.97 2.84
MIDTHIGH DEPTH

12.4~ 23.5 16.50 2.05
THIGH LTH 35.6- 47.9 41.15 2,51

L THIGH VOLUME
RANGE MEAN S« 0
5794 = 17,481 10,043 2;163

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE MEAN SeDo
X-AXIS al TN 4 - «02 ~2+05 1.13
Y-AXIS =9,.64 - =5,87 -7.16 78
Z-AXIS =17 .91 - =12.35 -15.35 1.10

LOCATION OF THE ANAYONMICAL 'L ANDMARKS FROM THE ANATOMICAL AXIS ORIGIN
X-MEAN X-S,0. Y~-MEAN VY=-S.,D. Z-MEAN Z-5.0.

L TROCHANTERION 0.0C 0.00 7. 00 0.00 0.00 0.00
L LAT FEM CONDYL 0.06 0.Q8 0.00 0.0 =38.35 2o 34
L MED F=M CONDYL D.00 G.00 -11.58 129 =39.72 2¢23
LEFT TI3IALE 2.45 «932 -8.98 1.10 ~41.42 2. 35
LEFT FI3ULARE -1.41 «90 -« 10 oS50 =223 2.48

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
X-MEAN X=-S,D, Y-MEAN Y=-S,0. Z=-MEAN 2-S.D.

LEFT HIP 5.864 1.80 ~5.50 1.57 &0 » 35
LEFT KNEE ~.32 1.20 ~5.64 1.47 -38,65 2.35
54
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LEFT THIGH: REGRESSION EQUATIONS

LEFT THIGH VOLUME AND MOMENTS FFROM STATURE AND WEIGHT

STATURE WETIGHY GOMSYANT P SE FST
VOLUME = 56.00 + L5.H% =~ By236 Q1% 8.9%
X MOMENT = 26,130 + 5,759 - by201y311 888 13.9%
Y MOMENT = 2,743 ¢+ 11,623 - Lel63,722 891 1we¢5%
7 MOMENT = 1,3%% + 7,215 - 722,096 <908 18.5%
LEFT THIGH VOLUME FROMt _
UPPER THIGH STATURE MIOTHIGH CONSTANT R SE EST
CIRC CIRL
352.11 - 189665.{6 351? 807:‘
323.69 * 81-50 - 22,33?.69 941 ?-52
121.54% + 96.79 + 220,93 - 24,580,604 4963 5H.0%
LEFT THIGH X MOUMENT FROM:
WEIGHT THiIGH LTH MINTHIGH CONSTANT R SE €57
CIRC
12,076 - 317,56 o817 17.2%
10,560 + 67,466 - 2,091 ,5h4 911 12.5%
5,338 + 72,084 + 29, 816 - 3,679,806 ,927 11.%%
LEFT THIGH Y MOMENT FRUMS
WEIGHT THIGH LTH MHIUTHIGH CONSTANT R SE £ST
CIRC
13,83% - boo,y 090 3L 17.07%
12,451 + 65,050 - 2:967,913 .910 13.2¥%
©s207 70,467 + 34,373 - by127 4212 328 12.0%
LEFT THIGH Z MOMENT FRUMI
" gUTTaCK MIDTHIGH STATURE CONSTANT R SE FSY
CIRS CIRC
21,032 - 1,690,720 .913 17.8%
11,523 + 19,343 - 1,623,301 .93% 15,.6%
9,572 + 204607 +» 6y 330 =~ £9829451F0 «949 14,.1%

THE PRINCIFAL MUOMENTS OF INERTIA

RANGE ME AN Sele
K=AXIS ES5099H68 ~ 24654,115 1,380,702 & 09,251
¥Y-AXIS GT29533 = 3,094,913 19463,267 LE£5,060
Z=-AXIS 189,826 = 1,431,042 513,207 223,785
PRINCIPAL AXES OF INERTIA WITH RESPECYT TC ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN DEGREES
X Y Z
X 16.57 70.31 88.84 5ThH. DEV. OF ROT, X = 1,90
Y 103,87 13.87 89,97 STDe UEVe OF RDT. ¥ = 3.59
55
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TABLE 20
LEFT CALF
ANTHROPOMETRY
OF SEGHMENT RANGE SEAN SsDs
CALF LTH 29.9= 40.3 25,95 2,06
CALF LEPTH

Soele= 14,3 10.80 2906
ANKLE BR Lholb= B3 5.37 «42
KNEE BR LY Xa
Tele= 10,0 5032 57
KNEE CIRC 3047~ 445 36,97 2.80
CALF CIRC,LT

2802‘ 50.6 358?9 3.48
POST .CALF SKINFOLOD

1e2= Bl 2,50 <76
ANKLE CIRC

1802' 2L,? 210‘05 1039

L CALF VOLUME
RANGE - MEAN S«
1,734 = 5,755 3,151 ES6

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE MEAN S0,
X=AXIS ~ho 34 - -e 0% =-1.63 1,01
Y'AXIS b, Elh - &o"? 5.‘!‘0 051
Z-AXIS ~-16.00 - =-11.11 -13.55 1.17

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN
X=-MEAN X~-S,D, Y-MEAN Y=-SoD. Z-MEAN Z=S.D.

LEFT SPHYRION 0.39 8.00 8. 00 0.08 <-3b6.68 207
LEFT TI3IALE 0.00 0.6G0 0. 00 .00 .06 0. 00
LEFT FIBULARE »31 2,91 Sel1 3.9 =1.71 1.03
L LAT MALLEOLUS 0.00 0.00 6065 42 =36.82 2ol

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
X=MEAN X=3.,De Y-MEAN VY=S.D. Z-MEAN Z-S5.0D.

LEFT ANKLE o4 7 1.97 3.89 o858 =36.99 2.12
56




LEFT CALFt REGRESSION E

LEFT CALF VOLUME AND MOMENTS FROM STATURE AND

STATURE
VOLUME z FottH
X MOMENT = bybid2 +
Y MOMENT = 4,546 ¢
Z MOMENT = =158 ¢
LEFT CALF VOLUME FROM
CALF CIRC KNEE CIRC
1M |
177.34
129,37 + T0.37
128.99 + 6h.32 ¢+
LEFT CALF X MOMENT FROM3
CALF DEPTH CALF LTH
89,434
79,271 ¢ 13,206
02,758 + 13,573 +
LEFT CALF Y MOMENT FrROMI
CALF DEPTH CALF LTH
87 3545
T?,17Q0 + 13,5483
wi,+B4 + 13,857

LEFT CALF Z MOMENT FROM?

CALF CIPC KNEE CIRC
LT

6,034

5,316 ¢ 1,044
5,433 + 1,?@% -

THE PRINCIPAL MOMENTS OF

RANGE
X=-AXIS 156,852 - T2
Y-AXIS 156, 093 =~ 70
Z-AXIS 16,650 - 15

JUATIONS

WEIGHT

WEIGHT CONSTANT R SE EST
19.4 - 1’115 «858 10.9%
2,381 - 6729548 797 16.7%
25299 = 585,242 794 1%5.6%

638 ~ 20,769 <851 23.2%
CALF LTH CONSTANT R SE ESY
- 3921?036 + 943 7.0%
- 45087433 957 6.2%
3?-69 - 5’166-1? «964 Ss7%
KNEE CIRC CONSTANT R SE EST
- £92,862 .832 15.2%
- C63,343 L8708 13.7%
14,368 - 1,208,081 .8G8 12.3%
KNEE CIRC CONSTANT 2  SE es7
- E73,R46 o828 15.1%
- 590,097 .869 13,5%
144062 - 1,084,570 .3897 12.2%
KNEE BR LT CONSTANT R SE EST
- 1654250 Su7 12.7%
- 178,161 .960 12.5%
5y401 - 135141 .963 12.1%

INERTEA
ME AN So.D

Fy01d 372,791 108,813

8,434 371,643 69,167

7Ty380 Ed,087 21,949

PRHINCIPAL AXES OF INERTIA WITH RESPECT TC ANATOMICAL AXES

COSINE MATRIX EXPRESSED

X Y
X «7.57 42.44 9
Y 137.5¢ 47 «F7 S
Zz 39.33 89, 2%

IN UECGFEES
4
3.34 <7D, ODEVa OF ROTW X = 1.43
0.7% STD. DEV. DF ROT. ¥ = 1.78
283 >TR. UEV. OF ROT. Z = 19,25

57
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ARTHROPOMETRY
OF SEGMENT RANGE MEAN S0
SPHYRION KT

5'2’ ?as B5.285 p38
FOOT BR TeS5= 4107 9.22 057
FOOT LTH 20,3~ 20642 23.51 1.1¢
ANKLE B8R Gelgo 43 537 o2
ARKLE CIRC

182~ 2&.7 2145 1.39
BALL OF FOOT CIRE

19.“‘ 25.5 22380 1,21
ARCH: CIRC 19.%~ 25.7 23,21 1.11

L FQOT YOLUNME
RANGE MEAN S.0.
459 ~ 559 682 161

LOCATION OF THE CENTER OF VOLUME FR0OM THE ANATOMICAL AXIS ORIGIN

RANGE MEAN SeDa
X=A¥IS «-8.780 = =B h4 «7415 52
Y-AXIS -. 86 - ol =e28 «30
e-AXIS 32 - 1,48 96 «28

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN
X-MEAN X~S.0e VY-=MEAN Y~«S.0. Z-MEAN Z~S.D,

LEFT SPHAYRION ~10.27 + 66 -3.88 38 . .20 + 46
L METATARSAL V ~2,21 « 56 H. T4 50 0,08 .00
L MEYATARSAL I 0.00 80.00 “4:.19 50 0.00 .00
LEFT YOE 11 5.67 «57 G-00 8+00 =1.83 o 3%
L POS CALCANEUS =17.57 87 6-00 2.00 .90 8.00

LOCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN
X-MEAN X-S.0. VY=-MEAN Y=S.D. Z-MEAN ZI-S.D.
LEFT ANKLE -12.12 1.67 =261 1.59 te53 57
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LEFT FOOT! REGRESSION EQUATIONS

LEFT FCUT VOLUME AND MOMENTS FROM STATURE AND "WEIGHT
STATURE WEIGHT CONSTANT R SE ESY

VOLUME = 9.22 + 1.50 - 1,916 L3064 9.0%
X MOMENT = 106 ¢ 19 - 149583 758 16.4%
Y MOMENT = 536 ¢ 77 - TLy030 L8049 12.4%
Z MOMENT = £E22 » 80 - 71,333 o833 12.47
LEFT FOOT VOLUME FROM :
BALL OF SPHYKION FOOT LTH CONSTANT R SE& ESY :
FOQY CIRC H .
63.32 - ISheud 754 9.9%
52.11 + 103.85 - 1,156.42 839 B8.3%
32,05 ¢+ 9342 ¢ 3244 - 13409056\ 0537 Tel” '
]
LEFT FOOT X MOMENT FROM? i
BALL OF SPHYRION FOCT LTH CONSTANY R SE EST .
FOOY CIRC HT .
836 - 13,189 755 16.3%
674 + 1,2‘59 - 17,9?6 + 532 13.9%
432 + 1,160 #+ 303 - 20,341 .058 13.1%

LEFT FOOT Y MOMENT FROMS
FOOT LTH SPHYRION HT ANKLE CIRC CONSTANT R SE FST

3.735 - 65,793 8006 12.4% .
3,331 + Q,DBB - 81’89? -590 10.7% :
24785 + 49251 ¢ 1, 0%5 - 91,523 923 9.1% ;
LEFT FOOT Z MOMENT FROM2 _ f
FGOT LTH BALL OF SPHYRION CONSTANT R SE ESY :
FOOT CIRC HT ’

348010 - 664604 853 11.8%

23726 = 1,722 - 79,190 «902 9.8%

23536 @ 1’522 % 29754 83,574 +9221 S.0%

LR Y T L TSR

THE PRINCIPAL MOMENTS OF INERTIA

RANGE MEAN SeDos -
 X=RAXIS 2,672 - 399890 59260 1,293 ;
Y=-AXIS 124,142 ~ 37,9491 232183 5:314 i
Z=-AXIS 12;€63% - 38,542 249154 5,378 -

PRINCIPAL AXES OF INERTIA WITH RESPECT 70 ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN DEGREES

=

X Y Y4 H
X Oek? 90,32 95,45 STOs. DEV. OF ROT, X = 13,36 .
Y Gi.47 i6.11 106.0& §T0. DEV. OF ROTe Y = 2.31 ;
4 83.71 73.83 17,36 STD. DEVs OF ROTe 2 = 2.63

MR Y - 3 B
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LEFT THIGH MIKUS FLAP

ANTHROPOMETRY
OF SEGMENT RANGE MEAN
THIGH LTH 35.6= 47.9 41,15
S8ITROCH BR. :
271~ 368 31,63
BUTTOCK CIRC

83.5'13002 130006
KNEE BR LT

Tels= 10.0 B.82
UPPER THIGH CIRC

‘36.5‘ ?3.5 5‘3'4“5
MIDTHIGH CIRC

39.9~ £69.0 51.92
KNEE CIRL 3047~ 4.5 3b.97
MIDTHIGH DEPTH

12.‘0"‘ 23.5 16.510
GLUT FURROW DPTH

i ed~ 2440 4% .32
BUTTOLK DEPTH

18.1~ 3E.7 24,12

L THI-F VOLUME
RANGE MEAN
3701 ~ 12,156 62114

FPRaT TR TR W mr o

TABLE 22

S.0.
2451

1.49

9.69

S«0.
1.4 32

e W T w77

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS CORIGIN

RANGE
X=AXIS -3.10 - l.01
Y-AXIS -9,59 - =8,22
2-AXIS =24.86 - =18.07

LOCATION OF THE ANATOMICAL (ANCGHMARKS FROK
Y=MEAN

X-MEAN
L TROCHANTERION 030
L LAT FEM CONDYL 0.00
L MED FEM CONDYL 0.00
LEFY TI3IALE 2445
LEFT FIJULARE -1ab1

MEAN

YL
"6076

'21076

X‘S eDe

0,038
0,00
0.00
« 92
«90

0.09
0.20
'110 58
~8.98
-+ 10

S0,

1.51

Y"S-Do

.00
0.00
1.29
1.10
.50

.00
-38.35
-38.72
=hi.b2
~42.23

Z-S-D-
0.900
234
2.23
2,35
2.48

THE ANATOMICAL AXIS ORIGIN
Z=-MEAN
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LEFT THIGH

v -
.......................

MINUS FLAPS REGRESSION EQUATIONS

LEFT THIGH MINUS FLAP YOLUME AND ¥MOMENTS FROM STATURE AND WEIGHT
STATURE WEZGHT LCONSTANT ® SE £57
VOLUME = 17 .30 ¢ Yol = 29836 890 10.8%
X MOMENT = 8,037 ¢ by 312 - 1,369,390 L8488 17.2%
Y MOMENT = 6,E38 « 53033 = 1,236,081 539 19.2%
Z MOMENT = =-1,121 4 4,060 - 138,028 873 23.9%
LEFY THIGH MINUS FLAP VOLUME FROM?
MIDTHIGH STATURE BITROCH B8R CCNSTANT R SE EST
CIRC
242.33 - £y371.00 .915 3.53%
228037 + 55055 - 1‘0,502-?‘# 09“2 7Te9%
253,27 ¢+ 80,63 - 1%1.898 - 15,450.17 .,950 7.%%
LEFT THIGH MINUS FLAP X MOMENT FROM!
WEIGHT STATURE MIDTHIGH CONSTANT R SE EST
CIRC
5,036 - 165,963 ,808 18.9%
Ly312 » 8,097 - 1,369,396 .84L8 17.2%"
251 + 11,468 ¢ 21,4006 - 2p4534232 4892 14,87
LEFT THIGH MINUS FLAP Y 4OMENT FROMS
WEIGHT STATURE MIDTHIGH. CUNSTANT R SE FST
CIRC
5,631 - 2k1,916 L8117 23%.1%
5,033 + 6’&39 - 1’236’391 «B839 189,.2%
833 ¢ 189238 + iy 894 -~ 293449942 878 1T .1%
LEFT THIGH MINUS FLAP 7 MOMENT FROMS
MIDTHIGH WEIGHT BITROCH BR CONSTANT R St €37
DEPTH
55,37'& - 55?’970 0907 20.9%
37,6693 ¢+ 1,459 - E71,384 L,918 19.9%
31,525 + 24552 - 12,832 - 2164327 .927 19.0%
THE PRINCIPAL MOMENTS OF INERTIA e
RANGE MEAN SeDa
X=AXIS 281,697 =~ 1,204,735 53,517 172,258
Y"ﬂXIS 2?6'772 - 1’“299279 551’55‘! 190,568
Z2=-AXIS 93,286 = 870,803 255,597 124,925

PRINCIPAL AXES OF INERTIA WITH RESPEGT TU ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN DEGREES

X Y
X 15.26 Th.89
Y 18%.23 15434
4 90,85 S1.8%

Zz
88.69 5TD. OFV. OF RO0T. X = 2-10
88.24 STD. DEV. OF ROT. Y = 2.88
2.03 STJe DEV. OF ROT. Z = 22.77

6l
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ANTHROPOMETRY

OF SEGMENT RANGE M7 AN

THIGH FLAP LTH

1442=- 22,1 17.96 1.75

8UTTOCK DEPTH

18s1~ 35.7 2Ll.12 J.49

GLUT FURROW DPTH

141~ 2%.6 18,92 2,00
HIP B8R 0.9~ L5 . 4 37.25 3.34

BUTTOCK CIRC

83.5-130.2 100.08 9.63

UPPER THIGH CIRC

“6.5- 7305 590“& £et3

ANT THIGH SKINFOLD

1eb= .2 3.11 «97

BISPINOUS 8R

18¢1~ 332 23.25 2.956

L FLAP - VOLUME
RANGE MEAN
25093 = B,3334 3,832

LOCATION OF THE CENTER OF
_ RANGE
X=AXIS ~8.20 - =le3h
Y-AXIS =10.67 = ~5,35
Z=AX1IS -6.+96 - =-1.95

S«3.
8986

o Ry M B o M A T wc T L e e e T b T e AR PR e T R e e e = e T e R

Se.

1

D.
62
«99
«98

VOLUME FROM THE ANATOMICAL AXIS ORIGIN
MEAN
'“oi&
'7079
’409?

LOCQTION OF THE ANATOMICAL LANOCMARKS FROM THE ANATOMICAL AXIS ORIGIN
Z-#EﬁN Z-S 3.

s X=MEAN
L GLUTEAL FOLD -9,95
LEFT ASIS #e91
SYXP4YSION 8e11
L TROCHANTERION 0.50

X=S.0.
1.9%
1.85%
2.56
.00

Y=MEAN Y=S.D.
-%.52 2.18
-5.82 i.38

-17.01 1.91

0.00 .08

~13.94%
6e82
-2435
.00

1.39
1.6%3
1i.52
.00
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LEFY FLAPE: PEGRESSION EQUATIONS
LEFT FLAP VOLUME AND MOMENTS FROM STYATURE ANO WEIGHT
STATURE WEIGHY CONSTANT R SE FST
VOLUME = 38.70 # 21 .26 - SsirB0 4797 Lhob/
X MOMENT = 1,926 + 19399 - 3675148 <802 24.2%4
Y MOMENT = 2,211 ¢ 2924hL - W745098 o848 22.1%
7 HOMENT = 24238 » 34259 - 558,922 L8064 22.0%4
LEFT FLAP VOLUME FROM
UPPER THIGH THIGH FLAP STATURE CONSTANT R SE EST
CIRC LIH
130.41 - 3,919,865 .820 13.%%
99,25 + 196. 32 - 5’611.38 s664 11.2%
95.20 ¢+ 153.06 + 23037 - 8,522."0 0393 10097.
LEFT FLAP X MOMENT FROM3
HIP 3R THIGH FLAF ANT THIGH CONSTANT R SE EST
LTH - SKINFOLD
13,874 - 376,203 .831 22.3%
11,259 + 9,115 - 442,532 865 20.3%
9,270 + 10,624 ¢ 9,507 - 425,078 875 19.9%
LEFT FLAP Y MOMENT FROM?
UPPEY THIGH THIGH FLAP GLUT FURROW CONSTANT R SE EST
CIRS LTH DEPTH
12,336 - £E385i060 .8Hh3 20.8X%
3,830 » 16,316 - €E78,743 .91i5 16.8%
14,735 + 154187 - 13;,73¢ - £88,344 .819 1o.8%
LEFT FLAP 7 MOKENT FROMS
UPPER THIGH THIGH FLAP HIP ER CONSTANT R SE EST
CIRS LTH
1?,‘!65 - ?75’979 +882 20.3%
19,576 +« 18;379 - 935’336 +916 17.5%
G545 + 16,39% 2+ 9,780 - Sb3,TET 0223 17.1%
THE PRINCIPAL MOMENYS OF INERTIA
RENGE ME AN SeDe
X-aXxis 525640 - 320,199 140,585 ES5,714
Y-AXIS 70, ge3 - 5&33,63‘! 195;?65 83983?
Z-AXIS 9L,y161 - 372,823 261,161 111,545 .
PRINCIPAL AXES GF INERTIA WITH RESFECTY 70 ANATOMICAL AXES
COSINE MATRIX EXPRESSED IN DEGREES
X Y Z
X 18,32 7497 79.77 STD DEVe OF ROVe X = Ua02
Y 107.35 22 8% 75.62 10, DEVe OF ROT. ¥ = 8,23
Z 9%.69 106.73 17,78 STD. DEVe OF ROT. 2 = 12.2

...............
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TORSO
ANTHROPOMETRY
OF SEGHMENT RANGE MEAN Sele
SIACROMIAL B8R
33s5= 402 3Zb+79 1.63
CHEST B8R 2%.2- 36.8 28.64 2.29
TENTH RIB 2R
21.0- 33.3 25.67 299
WAIST BR 24.5- 0.6 31.05 &.12
BISPINOUS BR
18.1~ 33.2 23.25 2.96
HIP BR 3C049= 45.4 37,25 3.3%
BUST CIRC 82.0-122.8 95.41 8,15
TENTH RIB CIRC
6200-10602 7509“ 10.“3
WAIST C 6871188 B86.70 13.22
BUTYOCK C 83,5~130.2 108,08 9.69
CHEST D 13.5« 23,0 17.8% 1.71
BUTTQCK DEPTH
18,1~ 35.7 2&012 3.“9
SITTING HT
7T7.5= 92.5 8b.21 1Y}
TORSO VOLUKE
RANGE MEAN S.0.
20ye80 ~ 56,462 31,120 7,402

LOCATION OF THE CENTER OF VOLUME FRCM THE ANATOMIGCAL AXIS OkIGIN

RANGE MEAN S.0.
X=&XIS =18.42 - 1.22 -5+29 3,09
Y-AXIS =1+53 - 1.75 ol -1
Z-AXIS i6.32 - 22.34 19.89 1.52

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN

X=MEAN #=S .De Y-MEAN ¥eZeDo Z=-MEAN Z2=-5.0.
CERYICALE ~l o & 6o73 L i1.61 50.%4 2otk
LEFT ASIS 2.040 g. 00 13.8% 1.55 8.00 0,00
RIGHT ASIS ettt 0.00 =11.,93 1.5¢ 0@ U.04%
SUPRASTERNALE Lbodb 5.69 37 1.38 41.84 2.17
SYNPHYSION D000 .00 - 02 72 =9.12 1.58
LGCATION OF THE CUT CENTROID FROM THE ANATOMICAL AXIS ORIGIN

X=MEAN X-ScDe Y-NEAN VY=S,D, Z-MEAN Z-S.0.
NECK ~2:48 6.70 «i0 1.61 50.L39 2eie3
RIGHT HIP =129 «87 =-10.92 1.48 ~5,95 127
RIGH? SHOULSER —ko69 5063 -5, 85 2008 37027 200?
LEFT HIP '1535 093 10076 1-5“ '6023 1.59
LEFT SHOULDER ~4.02 he 93 16,97 1.89 3705% 2443




TORSO$ RFEGRESSION EQUAT

IONS

TORSO VOLUME AND MOMENTS FROM STATURE AND KEIGHT

STATURE REIGHT CONSTANT R SE EST
VOLUME = =2i2.59 ¢+ 272.13 + 27,v51 .958 7.0%
X MOMENT = 14,035 & 99,580 - 2926Ly4 883 4520 11.8%
Y MUMENT = ~24,673 ¢ 95,743 - 8375924 .930 12.17%
Z MOMENT = -~€E5,E9 ¢+ 59,565 + 54,604,420 L9499 15.1%
TORSO VOLUME FROMI
TENTH KIR WEIGHT 8UST CIRC CONSTANT R SE EST
CIRC
683,71 - 20,800494 964 647
425,35 + 107.15 - 169278.60 .978 5.1%
271.37 + 82.15 & 287 .58 - 28458052 .983 #.5%
TORSO X MOMENT FROMS
WEIGHT BISPINOUS BUST CIRC CONSTANT R SE ESTY
BR
e8,320 - G9259,8R3 «928 11.7%
78,251 @ 295 3427 - T509,498 +949% 10.3%
57:813 ¢+ 183,864 ¢ 99,643 - (2,434,211 ,.,951 9.8%
TORSO Y MOMENT FROM:
WEIGHT BUST CIRC SITTING #T7 CONSTANT R SE EST
93,537 - HG4505,763 .929 12.0%
E742%1 ¢+ 1369142 - 129381,046 944 10.8%
3'0’330 * 198,237 «+ 139;,97% =~ 272115,045 «355 2.9%
TORSQO Z HMOMENT FROM1
TENTH RI3 BUST CIRC SITTING HT CONSTANT R SE EST
GCIRC
18,430 - 75836,221 +962 12.97%
8,111 + B2,379 - 11,086,754 .973 11.2%
33,892 ¢ T2933¢ ¢ 379739 - 13,690,348 .976 10.5%
THE PRINCIPAL MOMENTS OF INERTIA
RANGE MEAN SeDe
X~AXIS 5,231,€E34 =20,700,0673 9,483,427 2,931,045
Y~AXIS 4y626y184 =13,2705170 8,673,554 29784,751
Z=AXIS 1,631,649 - 4,013,198 3,435,530 1,609,203

PRINCIPAL AXES OF INERTIA WITH RESPECT TC

ANATOMICAL AXES

COSINE MATRIX EXPRESSED IN DEGREES

X Y 2
X 7.97 80.32 97.96
Y 83,72 « 83 33.78
z 82.04 69.20 8.039

STD. OFVe.e OF ROT. X = 2,19
STN. DEV. OF ROT, ¥ = 7.03
STDe OEV. OF ROT. Z = 2.27
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ANTHROPONMETRY
OF SEGMENT RANGE ME AN S.0.
BIACRONMIAL BR

33.5~- 40.2 360?9 1063
CHEST BR 25.2- 36.8 28.6& 2.29
19 RI3 3R 21.0~ 33.3 25.67 2.99
HAIST BR 245~ #0.6 3I1.05 &.12
BITROCH B 27 .1~ 36.8 31.63 1.99
HIP B8R 30.9= 45.4 37.25 3.34
BUSTPT=-BUSTPT

13.9' 22e2 18102 1072
BUST CIRC 82.0-122.8 95.41 £&.15
10 RIB € 62.0-106.2 75.9% 10,43
HAIST Q 6847‘11&.8 86.70 13022
BUTTOCK € 83.5-130.2 100.08 9.69
CHEST D 13.5- 23.0 17.81 1.71
BUTTOCK 0 18.1= 35,7 24.12 349
SITTING HT

775~ §2.5 86,21 347
STATURE 145.1-172.3 161.23 5.96

p- Ya Xp

TOT BODY VOLUME
RANGE MEAN S.D.
259757 ~111,473 09,130 13,403

LOCATION OF THE CENTER OF VOLUME FROM THE ANATOMICAL AXIS ORIGIN

RANGE MEAN SeDo
X=AXIS 1527 - =545 -9.5¢& 1.80
Y=-AXIS -1.21 - 1.47 -.03 «53
Z-AXIS =-3.81 - 8.35 2.46 20%0

LOCATION OF THE ANATOMICAL LANDMARKS FROM THE ANATOMICAL AXIS ORIGIN
X=-MEAN X=SeDs Y'HEAﬁ Y=~S.0. Z-MEAN £=5.0.

CERVICALE LY 1) 6.73 o1l 1.61 58.3% 2aolply
LEFT ASIS 0.00 0.400 11. 84 1.55 0.02 .00
RIGHT ASIS 0.08 G.00 =-11.93 1.59 0.08 0.00
SUPRASTERNALE 4.15 5.6%9 - 37 1.38 41i.84 2,47
SYHPHYSION 0.00 9. 06 - 02 72 ~%.12 i1.58

\..__.
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TOYAL B80DYt REGRESSICHN EQUATIONS

TOTAL BODY VOLUME AND MOMENTS FRKCM STATURE AND WEIGHT
STATURE WEZIGHT CONSTANT R SE EST

YOLUME = -2.98 * 487 .29 + 75401 «998 1e4¥%

X MOMENT = 1,270,395 ¢ 473,772 = 173,716,949 .986 3.3%

Y MOMENT = 1,212,510 ¢ 419,917 -~ 189,700,927 .983 3.6%

Z NOMENT = -23,6506 + 137,098 -~ 33917,115 .985 5.8%

TOTAL RBOOY VOLUME FROM:

WETGHT - WAIST CIRC BUSTPOINT~ CCNSTANT R SE E57
BUSTPOINT

Lb833.45 * 1,012.47 997 1.u%

452,39 SL.7hL - 414,89 .988 1,.4%

4569.35 < 652.23 - 272 .6 + 29561.39 .998 1.3%

TOTAL 80DY X MOMENT FROMS

WEIGHT STATURE WAIST CIRC CONSTANT R SE EST
587,371 + 9,102,800 .308 B8.3%
873772 & 1,270,395 - 173,716,349 .9886 3.2%
BLByl7o ¢ 1y0B80,502 - 362,409 = 192,947,665 .931 2.7%

TOTAL BOOY Y MOMENT FPOM?
KEIGHT STATURE WAIST CIRC CONSTANT R SE ESY
528,340 + 10,515,238 .0897 B.EZ
4139917 & 1,212,510 = 169,700,327 .983 3.6%
539,571 + 1,020,986 =~ 377,734 = 131,305,160 +990 2.8%
TOTAL B80DY 7 MOMENT FROMt

WEIGHT TENTH RIB BUSTPOINT - CONSTANT X SE FSTY

8R BUSTPGINT

134,924 - 794329283 .5855 G.8Y%

113,655 +» 219,115 = 10,051,736 387 E.3%Z

117,453 » 232,308 - 111,887 - Re8G8,080 .983 5H.2%
THE PRINCIPAL MOMENTS OF INERTIA

RANGE MEAN S.De

H=AXIS 53,022,453 - 1ub,524,531 91,R63,338 17,835,959
Y=AXIS 4951159918 = 134,380,707 544953,304 15,295,528
7-AXIS 5,829,991 = 23,363,725 11,586,868 3,791,128

PRINCIPAL AXES OF INERTIA WITH RESFECT YO ANATOMICAL AXFS
COSINE MATRIX EXPRESSED IN JEGFEES

X A Z
X 13.14 89.7L 103.14 STD. DPEV. GF ROV, X = 2,01
¥ 30,33 ohiy 90.29 ST0. DEV. OF ROT. Y = 7.16
2 75455 82.65 13.14 >7TJ. DEV. CF RCT, Z = .
67
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IV CONCLUSIONS

Results of this study of 46 females confirm findings obtained ir the
companion male study that both total body and segmental mass distribution data
on living populations can be predicted from anthropometric measurements using
regression analysis. In comparing the results of this study with those
obtained in the earlier male study, the following observations were made. The
women's segmental volumes and, as a comsequence; their principal moments of
inertia were, on the average, smaller than those obtained on the male
subjects. Exceptions to this general pattern were for the abdominal segment,
the thigh flaps and the thighs, where the female samplé had greater mean
values for volume and, in general, larger principal moments of inertia than
the male sawmple. The principal axes were similarly aligned for the male and
female data with few exceptions. The few exceptions noted, again like the
volume and moments data, appear to reflect sex-specific differential mass
distribution characteristics.

The multiple regression correlation coefficients of the anthropometry
for predicting the segmental volume and moments were, .n general, somewhat
lower for the female sample thaa those for the male data. Such differences
were, however, not large and may well be a function of the 'W' sample strategy
used in the male study.* 1In the selection of anthropometric variables as
predictors in the regression equations, a measure related to mass (weight,
circumference or skinfold) was generally selected as the first predictor and a
measure of iinearity (stature, segment length) as the second predictor. This
patteru was very similar to that seen in the male results with the major
difference being that in the wcmen’s regression analysis circumferences,
rather than body weight, were selected far more often than in the male
analysis.

Reconfirmed in this study was the phenomenon of approximately - 10
percent overestimation of voluwes obtained by stereophotometric techniques as
compared to megsurements obtained by immersion techniques. Comparative
measurements undertaken in this study further r¢vsaled that measured and
estimated moments of inertia about the whole body X axis differs by as much as
5.74%, but not always in the same direction. The results from a comparison of
25 subjects gives a mean delta percent of 9.153.

These results indicate a levei of good agreement and do not suggest the
overestimation of inmertiasl value that might be anticipated from the observed
overestimation of volumé by the photometric technique. The observed level of
agreement may, however, be spurious as the measured wmoments of total body
inertia may have an error, due to oscillatory rotation which is not through
the body center of mass., The error is proportional to the distance {body

* The ‘W' sample strategy calls for subsets drawn from three discontinuous
segmeuts of the height-weight distribution te provide samples of egqual size
from the center and both ends of the distribution.
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rotationzl axis to center of mess) squared, end is always positive. This
error could thus offset the error from the volume overestimstion to give the
favorable moment zomparison cbserved.

Duplicate measurements on selected subjects were made to test the
accuracy of both measuring techniques—anthropometry and stereophoto. With

few exceptions, measuring errors were found to be within scceptable lavels of
tolerance within techniquee.

The results of this study snd the earlier companion volume on & male
sample provide researchers in amodeling and biomechanics with better methods
than previously available for estimating the physical mass distribution
propertiea of individuals and groupe based on body size and proportions.
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APPENDIX A

ANTHROPOMETRIC MEASUREMENTS AND LANDMARKS

Anthropometry played several roles in this study in addition to
providing the measurements necessary for comparison with the mass distribution
properties, Anthropometric landmarks were used to define anatomicel axis
systems for the body and its segments from which to specify principal
(inertisl) axis systems. These landmarks were also used for definimg planes
of segwentation so that the body could be consistently photographically
segmented.

The purpogse of this section is to describe and explain the

anthropometric procedures, measurements and landmarks which were employed in
this study.

Selection of Measurements and Landmarks

A major objective in the design of this survey was to psrallel a receat
study which used male subjects and was conducted by investigators from the Air
Force Aerospace Medical Research Laboratory (AFAMRL), Anthropology Research
Project, Biostereometrics Laboratory at Baylor School of Medicine, and the FAA
Civil Aeromedical. Imstitute. This objective determined for the most part the
selection of the measurements and -landmarks to be used although five
alterations were made during the process of the survey.

First, the landmarks for the axis systems and planes of segmentation
were revised in the male study after the data had already been collected. The
revision rendered two of the original landmarks, infrapatella and medial
malleolus, useless for purposes of the female study, and they were therefore

.not used.

Second, in the male survey the subjects wore caps to compress the hair.
It was appareunt that the hint of 2 problem which arose im accounting for the
amount of hair under the caps would be intensified in the female study. in an
attempt to resolve the problem, 10 head measurements were added:

sagittal arc bitragion-coronal arc w/cap
bitragion~coronal arc horizontal head circ w/cep
horizontal head circ head length with cap
bitragion breadth head breadth with cap
sagittal arc with cap maximum head circ w/cap

S8ix of these new measurements were taken with the subject wesring an elastic
cap, and the remaining four measurements obtaimed withcut the cap.

Third, it was thought to be desirable to determine body type. This
resulted in the addition of two skinfold measurements, anterior thigh
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skinfold, and posterior calf skinfold, which when combined with existing calf
and thigh circumferences could, according to Heath and Carter (1967), be used
to establish body type.

Fourth, alterations were necessary to accommodate primary sex differ-—
ences. In the female survey the subjects were to wear bras; thus thelion, a
landmark in the male study, could not be located. Instead, a bustpoint
landmark  was substituted. Also, two  measurements were  gdded
{bustpoint-to-bustpoint and midsagittal chest depth) to account for
differences between male and female contours.

Finally, in the process of the female survey, two differences from the
male study were noted. Because it appears to protrudes more on women, the
cricoid cartilage was consistently located in place of the thyroid cartilage.
Since this point was included for location of the X-Z plane only, the
difference should cause no problems. Also, wrist breadth, which was measured
as the maximum breadth of the wrist across the styloid processes in the male
study, was inadverteatly measured as the minimum breadth of the wrist superior
to the styloid processes in the female study.

The primary landmarks, 75 in number, were used for both measurements
and stereophotographs, with an additional eight landmarks located for
measurement purposes only. For photographic purposes they were {irst marked
in pencil, then covered with a sticker. Those landmarks which were on the
sides of the body or segment, and thus not wvisible to the camera, were alse

marked with an offset.

Landmark Descriptions

Acromion (right znd left): the most lateral point on the
lateral margin of the acromial process of each scapula.

Axillary Arm: the anterior horizontal mark on the right
arw which was made when locating the scye point.

Bicepa (right and left}: the level of maximum protrusion
of the strongly contracted biceps brachii. Subject's
upper arm is horizoatal, forearm flexed approximately
90 degrees; locate by palpation and inspection from
laterazl side of arm.

Bustpoint Level: a series of three points; one each on
the point of maximum anterior protrusion of each bra
cup, and one in the anteiior midsagittal line at
this level.

Posterior Calcameous Point (right and lefi): the posterior
point of each heel.
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Calf Circumferemce (right): subject stands erect, legs
slightly spart and weight equally distributed on both
feet. With a tape perpendicular to the long axies of
the lower leg, mark snd messure the maxinum circumfer-
ence of the calf.

Cervicale: the superior tip of the spine of the 7th
cervical vertebra. {(The protrusion of the spinal
column at the base of the neck.)

Clavicale (right and left): the point on the wost immineat
prominence of the superior aspect of the wmedial end of
each clavicle.

Cricoid Certilage: the anterior point in the midsagittal
plane of the cricoid cartilage.

Dactylion (right and left): the tip of digit III of
each hand,.

Femoral Epicondyle, Latezral (right and left): the lateral
point on the lateral epicondyle of each femur.

Femoral Epicondyle, Madial (right and left}: the medial
point on the medial epicondyle of each femur.

Fibulare (right and left): the proximal tip of each fibula.

Glutesl Furrow (right amd left): the lowest point on each
gluteal fold.

Gonion (right and left): the lateral gnd inferior point on
the back of the mandible at the intersection of the
vertical and horizontal portions of each gide of
the jaw.

Head Circumfereace: a point in the midsagittal line of the
forehead just above the brow ridges.

Humersl Epicondyle, Lateral (right and left): the lateral
point on the lateral epicondyle of each humerus with the
are in the anatomical position.

Bumeral Epicondyle, Mzdial (right gnd left): the medial
point on the medial epicoandyle of each humerus with the
arm in the snatomical position.

Ilisc Spine, Anterior-Superior (right 2ud left): the inferior
point of each anterior-superior iliac spine.

..............
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Iilisc-Midspine, Posterior-Superior: the point on the midspine
made at the level of the posterior-superior iliac spines.
(&4 dimple often indicates the si . of rhis iliac spine. )

Iliocristale Points (right and left): the highest point on
the crest of each ilia in the midsxillary line.

Infraorbitale (right and left): the lowest point oa the
inferior margin of each orbit.

Mallecli, Lateral (right and left): the most lateral point
on each lateral malleclus.

Mastoid (right): cthe inferior tip of the mastoid process.

Metacarpale II (right and left): the most iaterally prom-
inent point on the lateral surface of the head of the second
metacarpal, with the hand in the anatcmical position.

Metazcarpale ITI (right and left): the distal point in
the midline on the head of the third metacarpal with
the hand rotated 180 degrees from the anatomical
positien,.

Metacarpale V (right and left): in the anatomiczl positica,
the most madially prominent point on the medial surface
of the head of the fifth metacarpal.

Metatarsus I (right and left): the medial point on the head
of each metatarsus I.

Metatarsus V (right and left): the lateral point on the
he1d of each metatarsus V.

Midforearm (right): the level midway betwveen the radiale
landmark and the stylion landwmark, determined by
measurement when the arm is in the anutomical position.

Midthigh (right): the level midway betweea the trochan-
terion and fibulare landmarks determined by measurement.

Nuchale: the lowest point im the midsagittal plane of the
occiput that can be palpated among the muscles in the
posterior—superior part of the neck. This point will
usually be obscured by hair.

Olecranon (right acd left): the wost posterior point on

the olecranon process of the ulna with each arm in
the anatomical position,
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aidiale {right a=nd left): the highest palpable point
cn the head of each radius with the azrm in the
avatomical position.

Seilion: the point in the midsagittael plane of the
deepest depression of the nasal root.

Scye Poince {right and left): these are a series of marks
drawvn at the axillary folds formed By the juncture af
the arms and trunk. Subject stands and initially
abducts slightly her right arm; a straight edge is
placed horizontally under the armpit so that the top
of the stra}ght edge touches, without compressing the
tisgue, the inferior point of the axillary fold. The
subject then relaxes the arm and short horizontal
lines are drawn at the luvel of the top of the
straight edge on the anterior end posterior surfaces
of the arms and torso. The process is repeated on
the left side of the body. The intersections of the
horizontal marks and the vertical lines following the
axillary folds in the direction of the acromion are
the scye point landmarks.

'Sphyrion (right and left): the distal end of each tibia.

Stylion or Radial Styloid (right and left): the

distal end of each radius.

Suprasternale: the lowest point of the jugular notch od
the superior margin of the sternum.

Symphysion: the anterior point in the midsagittal plane
on the notch of the superior border of the pubic
symphysis,

Teath Rib: a series of three marks indicating the level
of the inferior point on the inferior margin of the
lowest of the two tenth ribs. Right and left marks
are made in the midaxillary line and a midspine mark
is made at this level,

Tibiale (right and left): the superior point on the
medial margin of the head of each tibia.

Toe II (right and left): the tir. of digit II of each foot.

Tragion {right and ieft): the deepest point of the notch
just above the tragus of each ear.

.........
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Triceps: with the right elbow flexed 90 degrees, the
level on the back of the upper arwm halfway between
acromion and the inferior point of the elbow.

Trochanterion: the proximal point of the greater tro-
chanter of each femur.

Ulnar Styloid (right and left): the distal point of
each ulna.

Measurement Descriptions

Unless otherwise specified, all measurements were made on the right
side of the body.

Acromion Height: subject stands erect, heels
together, weight equally distributed on both feet,
looking straight ahead. With an anthropometer,

measure the vertical distance from the floor to the
acromion landmark.

Acromion-Radiale Length: subject stands erect,
looking straight ahead, arms in the anatomical
position., With a beam caliper, measure the distance
parallel to the long axis of the upper arm between the
acromion and radiale landmarks.

Ankle Breadth: subject stands, feet slightly apart,
weight evenly distributed on both feet. With a beam
caliper parallel to the floor, measure the nminimum
breadth of the ankle just above the medial and lateral
malleoli.

Anklie Circuaference: subject stands, legs slightly
apart, weight evenly distributed cn both feet. With &
tape perpendicular to the long axis of the lower leg,
measure the minimum circumference of the ankle.

Anterior-Superior Iliac Spine Height: subject stands,
heels together, weight equally distributed on both
feet, looking straight ahead. With an anthropometer,
mearure the vertical distance from the standing sur-~
face to the anterior-superior ilizc spine isndmark.
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Aoterior Thigh S8kinfold: subject stands with right
leg slightly flexed. , Pick up a2 skinfold on the
anterior thigh superior to the mid-~thigh landmark and
parallel to the long axis of the thigh. Using a Lange
skinfold caliper, measure the thicknegs of the fold at
the mid-thigh landmark.

Arch Circumfereance: subject stands, weight evenly
distribyted on both feet. With a tepe perpendizular
tc the long axis of the foot and passing over the
highest point in the arch, measure the circumference
of the arch of the foot.

Axillary Arm Circumferance: 3ubject stands, arms
slightly abducted, in a relaxed position arproxi-
mately 90 degrees from anatomical position with thumbs
forward. With a tape perpendicular to the long axis
of the upper arm and ati’ the level of the axillary arm
lendmerk, measure the circusference of the arm.

Axillary Arm Depth: subjoct stands erect, arms held
relaxed at sides and in the anstomical position. With
the beam caliper perpendiculer to the lomg axis of the
upper arwm, measure the depth of the upper arm 3t the
axillary arm landmark.

Ball of PFoot Circumference: subject stands, feet
slightly aspart, wveight evenly distributed om both
feet., With a tape passing over the wetatsrsal I and
metatarsal V landmarks, measure the circumference of
the foot.

Bigcromial Breadth: subject stands erect, arms at
sides, looking straight sghead. With a beam caliper,
measure the distance between the right and 1left
acromion landmarks.

Biceps Circumfereunce, Flexed: gsubject stznds, upper
srm and forearm both flexed 90 degrees, with fiet
cleached and biceps brachii strongly contracted. With
& tape, measure the circumference of the upper arm at
the level of the biceps landmark. Measure both the
right aod left biceps.
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Biceps Circumference, Relaxzed: subject stands, arms
held loosely at sides, not in the anatomical position.
With a tape perpendicular to the long axis of the
aspper arm, megsur2 the circumference of the upper ara
at the biceps landmark. Measure both right and left
sides,

Biceps Depth: subject stands, arms held in the ana-
tomical position. With the LSeam caliper perpendicular
to the long axis of the upper arm, measure ths depth
of the arm at the biceps landmark.

Biceps Skinfold: subject stands relaxed, arms held
loosely at sides. Pick up & skinfold on the arm
superior to the biceps landmark paraliel to the long
axis of the arm. Using 2 Lange skinfold caliper,
measure the thickness of the fold at the biceps
landmark.

Bicristal Breadth (Bonme): subject stande erect, heels
together, weight equally distributed on both feet,
looking straight ahead. With a beam caliper, measure
the horizontal distarce in the mid-axillary line
between the right znd left ilia, exerting sufficient
pressure to compress the tissue overlying the bone.

Bispinous Breadth: subject stands erect, heels
together, weight equally distributed ot both feet,
looking straight ahead. With a beam caliper, measure
the distance betwean the right and left anterior-
superior iliac spine landmarks.

Bitragion Breadth: subject s8its, looking straight
shead. With a spreading caliper, weasure the breadth
of the head at the right and left tragion landmarks.

Bitragion—-Coroiaal Arc: subject sits, looking straight
ahead. With a tape held as close to the scalp as
possible, measure the surface distance in a coromal
plane from the left tc the right tragion landmark.
Repeat with cap on and use the 1lightest pressure
possible.
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Bitrochanteric Breadth (Bome): subject stands erect,
heels together, weight equally distributed on both
feet. With a beam caliper, measure the horizontal
distance between the maximum lateral protrusioas of
tha right and left greater trochanters, exerting
sufficient pressure to comprass the tissue overlying
the bones. '

Bust circumierence: subject stands erect, breathing
normally, looking straight ahead, heels together,
weight distributed equally om both feet. The arms sre
abducted sufficiently toc sllow clearance of & tape
between the arms and truok. With a tape held in a
Horizontal plane, measure the circumfereace of the
trunk at the level of the bustpoint landmarks. The
reading is made at the point of mid-tidal respiration.

Bustpoint Height: subject stands erect, heels
together, weight equally distributed oem both feet,
looking straight shead. With an enthropometer,

measure the vertic:l distance from the floor to the
right bustpeoint landmark.

Bustpoint~-to-Bustpoint Breadth: subject stands erect,
heels together, weight equslly distrituted om both
feet, looking straight ahead. Witk a beam.cazliper,
measure the distance between the right and left
bustpoint landmarks.

Buttock Circumferewce: subject stands erect, looking
straight shead, heels together, weight dJdistributed
equally on both feet. With & tape held in a
horizontal plane, measure the circumference of the
trunk at the level of the greates:t posterior
protrusion of the right buttock.

Buttock Depih: subject stands erect, heels togethar,
weight equally distributed on both feet. With a beam
caliper, measure the horizontal depth of the torso at
the level of maximum posterior protrusion of the right
buttock.

Calf Circumference: subject stands erect, legs
slightly apart, weight evealy distributed on both
feet, With a tape perpendicular to the long axis of
the lower leg, measure the maximum cizeumferenmce of
the calf. Measure both the right and ieft calves.



Calf Depth: subject stands erect, heels together,
weight evenly distributed on both feet. With a beam
caliper, measure the horizontzl depth of the calf at
the level of the czlf circumference landmark.

Cerwicale Height: subject stands erect, heels
together, weight equally distributed om both feet,
head in the Frankfort plane. With an anthropometer,
mecsure the vertical distance from the floor to the
cervicale landwmark,

Chest Breadth: subject stands erect, lsookieg straight
shead, heels together, weight equzlly distributed on
both feet, arms raired o sllow positioning of the
beam caliper and then lowered. Measure the horizontal
breadth of the chest, from the back, meking sure not
to include the breasts, at the level of the bustpoint
landmarks.,

Eibow Breadth (Bonme): subject sits, forearm and upper
arm both flexed 90 degrees. With & spreading caliper,
teasure the maximum breadth across the humeral
epicondyles exerting sufficient pressure to compress
the tissue. Measure both the right and left elbows.

Elbow Circunference: subject stands, arz in the
anatomical position. -With a tape passing over the
olecranon process of the ulns and into the crease of
the elbow, measure the circumference of the elbow.

Fibulare Height: sub ject stands, heels together,
weight equally distributed on both feet. With an
enthropoweter, measure the vertical distance from the
standing surface to the fibulare landmark.

Foot Brsadth: subject stande, feet slightly apart,
weight ' evenly distributed on both feet. With a
sliding caliper, measure the breadth of the foot
between the right metatarsus I and metatarsus V
landmarks,

Feot Length: subject stands, feet siightly apart,
weight evenly distributed on botk feet. With & beam
caliper parallel to the long axis of the foot, measure
the length cof the foot between the right posterior
calcaneous landmark to the tip of the longest toe.
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Gluteal Furrow Depth: ‘subject stands erect, heels
together, weight equally distributed on both feet.
With the beam caliper, measure the horizontal depth of
the thigh at the level of the gluteal furrow.

Gluteal Furrow Height: subject stands, heels to-
gether, weight equally distributed on both feet. With
an anthropometer, measure the vertical distance froam
the standing surface to the gluteal furrow landmark.

Hand Breadth: subject stands, fingers together, thumb
slightly abducted, fingers extended but not hyper-
extended, dorsal surface up. With a beam caliper,
measure the breadth of the thand between the
metacarpale IY and V landmarks.

Hand Circumference: subject stands, fingers together
and extended but not hyper-extended, thumb slightly
abducted, dorsal surface up. With a2 tape passing
around the metacarpal II and metacarpal V landmarks,
weasure the circumference of the hand.

Hand Leangth: subject stands, fingérs together,
extended but not hyper-extended, volar surface up.
With a beam caliper held parallel to the long axis of
the hand, wmeasure the length of the hand from the
distal wrist crease to dactylion.

Head Breadth: subject sits, looking straight ahead.
With a3 spreadiag caliper, measure the wmaximum
horizontal breadth of the head above the level of the
ears. Repeat with cap on using as little pressur~ as
possible,

Head Circumference #1: subject sits, head in the
Frankfort plane. With the tape passing over the head
circumference landmark, measure the maximum

circumference of the head., FRepeat with cap on using
as little pressure as possible,

Head Circumference #2: subject sits, head in the
Frankfort plane. Witk the tape, measure the
horizontal circumference of the head at the level of
the head circumference landmark. Repeat with cap on
using as little pressure as possible.

Head Length: subject site, looking straight ahead.
With the spreading caliper, measure the maxizum bead
length between the glabella and the ccciput. Repeat
with cap on using as little pressure zs possiblz,

A11

- e oy A



Hip Breadth: subject stands erect, heels togethar.
With 2 beam caliper, measure the horizcontal distance
across the greatest lateral protrusions of the hips.

Iliac Crest Height: subject stgnds erect, heels
together, weight equally distributed on both feet,
looking straight ahead. With an anthropometer,

measure the vertical distance from the flecor to the
right iliocristale landmark.

Knee Breadth (Bone): subject sits with legs dangling.
With a spreading caliper, measure the maximum breadth
of the knee across the femoral epicondyles exerting
sufficient pressure to compress the tissue. Measure
both the right and left knees.

Knee Circumference: subject stands erect, legs
slightly apart, weight evenly distributed on both
feet, With a tape perpendicular to the loag axis of
the leg and passing over the middle of the patella,
measure the circumference of the knee.

Mastoid Height: subject stands erect, hesls together,
weight equally distributed oan both feet, head in the
Frankfort plane. With an anthropometer, measure the
vertical distance from the floor to the mastoid
landmark.

Metacarpale IlI-Dactylion Leagth: sub ject extends
hand but does not hyper-extend fingers. Dorsal hangd
surface is up. With & beam caliper parallel to the
long axis of digit III, measure the distance from the
metacarpale III landmark to dactylion.

Midforearm Breadth: subject stands, arms in the ana-
tomical position. With a beam csliper perpendicular
to the long axis of the forearm, measure the breadth
of the arm at the midforearm landmark.

Midforearm Circueference: subject stands, arms held
in the anatomical position. With a tape perpendicular
to the long axis of the forearm and at the level of
the midforearm landmsrk, measure the circumference -of
the forearm.

Midsagittzl Chest Depth: subject stands erect,
looking straight shead, right arm zaised to allow
placement of ins:irument. Witk a body caliper, measure
the horizonmtal depth of the torso in the midsagittal
plane at tne level of the bustpoint landmark.
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Midthigh Circumference: subject stands erect, leg:
slightly apart, weight evenly distributed or botk
feet.” With a tape perpendiculer to the long axis of
the leg and 2t the level of the midthigh landmark,
measure he circumference of the thigh.

Midthigh Depth: subject gtands erect, heels together,
weight equally distributes on-both feet. With a beam
caliper, measuré the horizontsl depth of the thigh at
the midthigh landmark.

Heck Breadth: subject stands erect, head in the
_Frankfort plane. With a beam caliper, measure the
‘maximum horizontal breadth of the neck superior to the
trapezius muscles.,

Keck Circumferemce: subject site, head in the Frank-
fort plsne. With a tape in a plane perpendicular to
the long axis of the neck and passing across the
cricold cartilage landmark, mezsure rhe circumference
of the neck.

Omphalica Height:~ gubject stands erect, heels
together, weight egquslly distributed on both feet,
loskicz  straight ahead., With an anthropometer,
meagsure the verticael distance from the floor to the
omphalion.

Posterior Calf Skiufold: subject stands with righe
leg on chair, calf musclesz relaxed., Pick up 2 skin-
fold on the pusterior calf superior to the calf land-
wmirk and parsllel to the long axis of the celf. Using
& Lange skinfold caliper, measuze the thickness of the
fold at the celf landmark.

Radigle-Stylion Leagth: subject stands erect, looking
atraight shead, arme in the anatomicel position. With
@ ‘beemd caliper parallel to the 1long axis of the
forearm, measure the distance between the radiale and
stylion landmarks.

Szgittel Arc: subject sits, looking strzight ahesd.
With a tape held as clcse to the scalp as possible,
measure the surface distance in the midsagittal plane
from the glabella landmark to nuchale. Repeat with
cap oo and use the lightest pressure possible.
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Sittimg EHeight: subiect sits erect, head in the
Frackfort plane, hands resting on thighs. With the
anthropometer arm firmly touching the scalp, measure
the wvertical distance from the sitting surface to
veriex.

Sphyrion Height: subject stands, feet slightly apart,
weight distributed egqually om beth feet. With the
special measuring block, measure the vertical distance

.from the standing surface to the sphvrion landmark.

Stature: subject stands erect, heele together, weight
equally distributed on both feet, head in the
Frankfort plane. With an gathropometer firmly
touching the scalp, measure the vertical distance from
the floor to the top of the head.

Subscapular Skienfold: subject stands relaxed. Pick
up a skinfold just below the inferior margin of the
right scapula and parallel to the tension lines of the
gkin. Using, & Lange skinfold caliper, measure the
thickness of the fold.

Supine Stature: subiect lies supine on a table with
fieels rogether, feet firmly contacting adjacent wsll.
The head is orieanted in a Fraokfort plane relative to
the wall surface. With a table graph and block,
measure the horizoatal distance from the wall to the
top of the subject's head.

Suprailisc Skinfold: subject stands relaxed., Pick up
a8 skinfold posterior to the iliocristale landmarks snd
parallei to the tension limes of the skin. Using a
Lange skinfold caliper, measure the thickness of the
fold at iliocristale.

Suprasternale Height: subject stands erect, heels
together, weight equally distributed on both feet,
head in the Frankfort plane. With an anthropometer,
measure the vertical distance from the floor to the
suprasternale landmark.

Symphysion Beight: subject stands, heels together,
weight equally distributed on both feet. with an
anthropometer, measure the vertical distance from the
standing surface to the symphvsion landmark,
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Terntk Rib Breadth: subiect stands erect, hesels

" together, looking strazight shead, weight equally

distributed on both feet. With a beam caliper,
measure the horizontal breadth of the torsoc at the
level of the i0th rib lanémark.

Teath Rib Circumference: subject stands erect,
breathing normally, 1iooking straight ahead, heels
together, weight distributed equaliy on both feet.
The arms are abducted sufficiently to allow clearance
of a tape between the arms and trunk. With =z tape
held in a horizontal plane, measure the circumference
of the trunk at the level of the tenth rib landmark.
The reading 1is made at the point of mid-tidal
respiration,

Teath Rid Height: subject stands erect, heels
together, weight equally distributed on both feet,
looking straight ahead. Witk anr anthropometer,

measure the vertical distance from the floor te the
tenth rib midspine laundmark.

Tibigle Height: subject stands, feet slightly apart,
weight equally distributed on both feat. With an
anthropometer, measure the vertical distance from the
standing surface to the tibiale lagndmerk.

Tragion Height: subject stands erect, heels together,
weight equally distributed on both feet, head in the
Frankfort planme. With an anthropometer, measure the
vertical distance from the floor o the tragion
landmark,

Triceps Skinfeld: subject stands relaxed, arm held
loosely at side. Pick up & skinfold on the arm
supericr to the triceps landmark and psrallel to the
iong axis of the upper arm. Using a Lange Skinfold
caliper, measure the thickness of the fold at the
triceps landmark,

Trochanterion Height: subject stends, heels togetker,
weight equally distributed on both feet. With an
authropometer, mesgsure the vertical distance from the
standing surface tc the trochanterion landmark.

-----



Upper Thigh Circumference: subject stands erect, legs
slightly apart, weight everly distributed on both
feet. Witk a taps perpendicular to the Ilcng axis of
the leg and passing just below the lowest point of the
gluteal furrcw, wmeasure the circumference of the
thigh. Where the furrow is deeply indeated, the
measurement is taken just distal to the furrow.

Waist Breadth: subject stands erect, heels together,
looking straight shead, weight equally distributed on
Both feet. With a beam caliper, measure the horizom-
tal breadth of the body at the level of the ocmphalion.

Waist Circumference: subject stands erect, breathing
norally, looking straight ashead, heels together,
weight distributed equally om both feet. Witk a tape
held in a horizontal plane, measure the. circumference
of the trunk at the level of the omphsalion. The
reading is made at the point of wmid-tidal respiration.
The subject must not pull in the stomach.

Weight: Dbody weighed with scales read tc the nearest
one tenth xilogram.

Wrist Breadth {Bome): subject stands, with the right
hand rotated 180 degrees from the anatomical position.
With a beam caliper, measure the wninimum breadth of
the wrist superior to the most lateral and nedial
protrusions of the radial and ulonar styloid processes
with sufficient pressure to coupress the tissue over
the bone.

Wrist Circumference: subject stands, arms held in the
anatomical position, With 2 tape perpendicular to the
long axis of the forearm, measure rhe minimum cir-
cunference of the wrist proximal to the radial and
ulnar styloid processes,

Derived Measuvements

In gddition tc the wmeasured wvarisbles, a series of derived
anthropometric variables were crested for use ic the regression analysis.
These variables end the method of derivation are as follows:

Head Beight = Stature minus Mastoid Height
Keck Length = Mastoid Height minus Cervicale Height
Torso Leugth » Cervicale Heigh? minus Glutesl Furrow Height

i~i8
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Thorax Length = Cervicale Height minus Tenth Rib Height

Abdomen Lecngth = Tenth Rib Eeight minug Iliac Crest Height
Pelvis Langth = Iliac Crest Height minus
Gluteal Purrow Height
Thigh Flap Length = Anterior Superior Iliac Spine Height minus
Gluteal Furrow Height
Thigh Length = Trochanteric Height minus Tibiale Height
Calf Length = TibBiale Height mimus Sphyrion Height

Forearm snd Hand Length = Radiale-Stylion Length plus Eand Length

Sumsary Statistics

The summary statistice in the following table (A-1) lists, for each
variable, the mesn, standaré deviation (STD DEV), s measure of symmetry in
distribution (V-I), a measure of kurtosis in disrribetion \V~I1), coefficient
of variation (V), minimum dimensional value (MINIMCM), maximum dimensional
valuz (MAX), and number of test subjects (N).* The weight valies are
expressed in kilograms and ali Jdimensional valves are expressed in
centimeters. '

* For a discussion of the methods ured in computing these summary statisting,
see Clauser et gl. (1972), in particular Sectiom IV, The Statistical Megsures.
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SUMMARY STATISTICS

NO. VARJABLE NAME MEAN STD DEY V-I V-1II ¥ OMINIMUM MAX M
1 AGE 3.2 Te3 #33 1474 23.4% 21,0 450 &b
2 HIGHEST KNOWN HY £9:7 176 2.6P12.88 25.2% 42.2 31542 4B
3 USUAL HEIGHT 621 4248 1:53 5,05 20.6% 4.8 1%B.2 &b
& HEIGHY AT 48 TRS £E. 6 4343 2.8545.81 2B.&% 37.2 23443 &L
5 WEIGHT AT 23 YRS E7.8 Seli 1409 S.Eh 18.2% 470.86 Sle?7 &1
5 RECENT WT CHANGE -8 c3¢7 CeBU 24Gl DBeTZ =45 .4 L9
7 WEIGHT 63.9 12.5 295 Hek8 19.6% £1.3 105.8 &b
& SUPINE STATURE 163. % Be1l =38 2,71 JuT% 1LB.2 1740 LB
g STATURE iei1.2 Bel =cl?7 2497 3.7% 145.1 1723 L6

10 CERVICALE HEIGHT 138.7 Be® =435 2.8 &el% 12%4.6 1L3.7 LB

i3 TRAGICN HEIGHT inS. b S5e7 =+43 2277 TeBZ 13wed 1595 LE

12 MASTQID HEIGHT 145.56 B.F =ob 2273 3I.9% 1Zi.5 15645 LE

42 ACRORION HZIGHT 131.¢ 543 «.28 2.55 4.T%Z 156.7 1&0.& LB

14 SUPRASTERNALE HT i31.% Be3 = &1 3,02 L.7%Z $18.3 $42.%5 &L¥F

45 BUSTPCINT HEIGHT 1ib. & Sal =0T 2434 4e3% 135.8 1275 &b

46 TENTH RIB HEIGHT 1T2.% el =36 2.%2 G434 S2.4 11C.1 4§

15 DHPHALION HEIGHTY S5.8 boli =,88 3,07 4.5%4 B83.1i 183.3 ug

19 ASIS HTZIGHT 38.7 LeS =423 2eT& BS.0% 781 9%.8 &t

2% SYHMPHYSION HT 84,2 LeZ =428 332 5.3% £B.3F S8 ub

24 TROCHANTZRION HTY B3. L 4.3 =.08 *.35 ei% Ti.bk Qéak L6

22 GLUTEAL FURROW HT 737 5 =40 288 L.BEL £2:.Z T7:% &6

23 TIBIALE HEIGHT L2.2 Ze2 =35 3,14 TeZ2E IS E  LBeF 4B

24 FIBULARE HEIGHT Ll.% Pedt =37 3473 B.0% 3L.8 &£3.,5 45

25 SPHYPIGN HEIGHT 503 o# 'aﬁg 2;?6 301:{ 5&2 ?Qﬁ {te

26 FOOT SREADTH S.2 B =eld Ie8Z2 B.Z% TeBS 107 &3

27 FOOT LENGTH 235 422 =225 3.03 5.1% 2T.3F 26.2 &5

29 CALF DEPTH 10.8 «9 oBL Be 27 8BeTZL Balt 14he3d &0

3In MIDTHIGH DEPTH 16.5 2: 0 « 87 4451 12,47 2.5 23.5 &E

34 GLUT FUPROW DPTH 18.8 2.0 023 3430 1368% Lael 24D 4E

32 BUTTOCK DEFTH 24e1 3.5 1.068 £.35 1L,T%X 18,4 35.7 &b

3T ACROM-RAD LTH 2S.7 17 =432 3.1k B.8% 25.8 3248 4t

3% RAD=-STYLION LTH 23.1 1.3 e85 264 DB.TL Zielh 25.7 &

35 NECK BREADBTH 10.5 27 e Tl 3,38 6.7 Se2 125 4B

35 BIACROMIAL BRODTH 35.8 1.8 eiB 254 @.L% 335 HDLZ  &E

37 CHEST BREADTH 238.¢ 2e3 .25 54140 BeCE 252 FE & LB

38 BUSTFT=BUSTPT 18- 8 2.7 =i7 3J4E83 S.5% 13.8 22«2 kB

33 TENTH RIEB BREADTP 25.7 3. «85 32,27 131.8% 2.7 33T 4t

7% WAISY BSREADTH 1.8 el 253 2,32 L3T.3L Z4.5 &0.E A48
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SUMMARY STATISTICS

NO. VARIABLE NAME MEAN STD DEY¥  y=I V«ITX vV MINIMUM HAX

44 BICRISTAL BREADTH 275 i3 5% 202 EaT7E 24e&  3%.8
42 BISPINDUS BREADTH 23+ 2 3o & o 77 Helh 124774 18.1 332

43 BITROCH BRDTH 21, € 2z [ .16 3,81 B.3% 27.1 36.8
44 HIP EREADTH 373 3.3 o2 2ekb TDaTZ 3LeZT  &5ek
%5 MIDSAG CHEST BFTH i7.¢ 1.7 D8 L4188 Ba8% 13.5 Z3.0

48 AXTLLARY ARK CIRCD 3be 3.7 s 77 Jel18 1248% Zuek 4841
47 BICZPS CR RLXD RT 278 3.7 «B8 3442 £3,2% 2Z2.5 38.%

%8 BICEFS LR FLXD RT r4- 1% Taf L1485 3497 12.E% 2248 &LTa3
£3 ELBOK CIXC She ke 1.2 «38 3,11 T48% 20.3 28.2
50 HIDFCRELRM CIRC 2142 Ze3 o83 3.48 1L.84 17.7 27.C
51 KRIST CIRC 15.7 .2 375 382 Tahih 5£34% 2948
52 HAND CIRC i8. 8@ 3 =.B7 ZsB88 &L48E 185 28286
53 BICEPS CR RLXD LY 747 @ Leld HLed&h3 43.8% 22.0 4T
D4 BICTFS LR FLXD LY 2845 Zed 1432 5,40 13,47 2244 243
55 NECK CIRC 32.% 2.2 +37 2455 BeT4 2%& ISl
56 BUSYT EIRC =3 Ba 2 « 97 Lo22 BaTEL EZ.5 1228
57 TENTH RI3 CIRC 759 146 eD9% 3e40 13,74 52,7 10Ub.Z
58 WAIST CIRC 8647 3342 472 257 15.2%4 B8.7 1i5.3
59 BUTTOLK CIRC i60.1 9.7 » 78 353 9,74 83,5 138.2
B AXILLARY ARR DEPTH 1.4 ied e%3 2207 23.%% Be2 L5S4%
B3 BICEPS DPTH RLXD 9. 3 I3 o758 3431 13.7% Z.3 129
82 MIDFOREARM BROTH Tal « & «SE .21 L04TX 5.7 3.2
6T WRIST BREADTH La? « 2 22 Sedias TeiZ% 3.5 5.3
54 HAND BREALTH Tab ad% =TT 3,186 5S4 ST 5.5
65 META III-DACT LTH .0 o= -, 38 3.85 Sed 748 10.2
pE HAND LERGTH £7.% ed o228 3433 LH.TE 15,0 19.2
5? SIYTENG ﬁEIGHT 3602 335 '313 2':{'6 54-‘ L‘X ??t,q 9’215
63 HEAD LENGTH 18,7 B = A7 2425 F.LHY LT3 1%.9
83 HEAD 3IREAQTH i4.5 . o 27 2472 3.1% 137 15,7
?i:t BET?»&GIOQ BRB-{H 1312 GS "429 3&13 31 A ...inﬁ i':to3
74 ELEOW SRDTH RT .9 1 a1l 2423 TLi% 5.1 E.92
72 KKIE BREADTH RT £ 8 <& =405 Z.EB& E£.5% 7+ 10U
T3 KREE BREADTH LT E. 8 + B8 =20 2,88 B.o% Tebd 10.3
T4 ELBOW ZREZADTH LT S. 9 s =3I .89 B.3% Saz 6«5
75 HEAD CIRC NO 1 D4 B 1e2 =.33 2433 224 52.iL 58.8
7& HEAD CIRD WO 2 Shen 1.5 «v2 CeF8 2.TL BL.F B7.2
77 SRGITTAL AaRC 72 183 =il 3480 3.5F 335 LG0T
78 BITRAG~CORIN 4ARC 3.5 1.3 «12 2487 Z.%% 3L.3 3IT.D
IS YPPER THIGH ITIRD SSan Y- +13 2428 [L.8L L5,5 £35S
82 MIOTHIGH CIRC Si.% Beie «55 3472 4C5.5% 25,2 £S.8
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SUMMARY STAVISTICS

NO. VARIABLE NANE MEAN STD DEY Vv=I ¥-I1 Vv MINIMUM MAX N
82 UHMEE CIRC 276 o8 o312 2.88 7.7% 307 HheZ 4B
32 CALF CIRC,RT 35.4 3.2 o855 5,82 8.{% 28.2 &7.4 &4E
i3 ANKLE CIRC 2ile Loy =216 o84 6.57 18.2 24e7 L4
84 ARCH CIRC 23.2 e =o58 3.685 L,2X 13.9 25.7 &€
85 BALL OF FODY CIRC 22. 8 4.2 =¢25 3.28 B.,3% 18.4 25,5 &b
36 CALF CIRC,LT 5.8 3¢5 1.03 BoiB G.7X 28.2 SBeb &€
87 SURSCAPULAR SKFLD ie5 o8 1430 4,45 5i.86% o  hel2 &6
88 TRICEPS SKINFOLD 2.4 «7 e37 L4484 I3.9% 03  kek 46
B8 BICEZPS SKINFOLD 1.2 o5 81 3,45 45.T% o2 2e8 &b
af SUPRAILIAC SKFLD 1.9 . 8 o7i 3.23 43.4% B 4e2 46
g4 ANT THIGH SKFLD 3.3 1.0 e38 223 39127  Lew 5.2 4%
g2 POST CALF SKFLD 2.5 .8 e 2% 2435 3044 1.2 41 &F
93 HFAD LYH CAP 19,8 o8 5B 3e12 4a{¥% 18k 22.0 &6
34 HEAD BRDTH CAP 15.6 e5 218 ZeH1 IeiZ 14,8 168456 4B
95 HEAD CIRC 1 CAP S6e7 202 15 2.58 243% S4.& S%.9 4o
96 WEAD CIRC 2 CAP 6.5 1.5 04 2.45 2+.8% 3532 598 &b
97 SAGITTAL ARC CAP 38,2 Tele o357 2.58 3.6% 3I7.3 k2.5 46

38 BITRAG-COR ARC CAP 36.L 1.5 «22 3251 4427 32.5 4f.3 &6



APPERDIX B

COMPARATIVE MEASUREMENT TECHNIQUES AND EXPERIMENTAL ACCURACY

Inherent in the nature of derived data and predictive methods are
questions of confidence in the accuracy and comparability of the methods used.
The experimental teckniques used by Chandler er al, 71875) and McConville et
al. {1980) in earlier stages of this research revealed distinct and sometrimes
predictable differences in values derived from biostereometric data and thlose
obtained by direct wmeasurement, especially with regard tc velumes. In the
interest of comparing measured values with derived vzlues for body volume,
inertial characteristics and linear dimensions, a number of validation tests
were conducted in conmnection with this study. The direct measurements
conducted for comparative purposes included (1) a water displacement technique
for partial and total body {less head) volumes, (2) submerged water suspension
weighing (hydrostatic weighing) to determine total body density, and {3) total
body inertia by the torsional pendulum technique. In addition to these test
wmegsurements, duplicate anthropometric measurements and stereophotos were made
to test the accuracy of each technigque, and comparisons were nade between
values obtained from anthropometry and sterecphotogrammetry.

To eliminate or reduce the effects of typical daily changes which occur
in the body, a continuous, sequentisl test schedule for each subject involved
ia these additional tests wasz established. Certain measurements were
completed within the same work day; others requiring more than one day were
preceded by weighing before and after all tests. All subjects cooperated by
restricting food intake or fasting and drinking known amounts of liquid
throughout each test day. Total body weight was mezsured immediately before
each procedure to determine any shift in weight from water imput or output.
Twelve subjects participated in these tests.

Equasl-Volume Displacement Technique for Determining Segment Volumes

The CAXI laboratory equipment used in this procedure cousisted of (1) a
free-standing water tank with elevating platform snd channeled overflow
spillway. The tank had sufficient capacity to completely submerge an erect

-standing subject, (2) s run-off tauk suspended by an integrated load cell to

measure the displaced water weight, and (3} peripheral irnstrumentation with an
X~Y plotter to record displaced water weight as s continuous function of the
distance between the submerged platform (loaded with standing subject) and the
tank water surface. The subject tank was first over-filled with warm water of
approximate body temperature, then azllowed to stabilize at the spillway level,
Fext, the subject platform was adjusted 2¢ as to be level with the water
surface. The subject was positioued on the platform standing erect with feer
slightly abducted, and slightly asbducted arms extending downward. The subject
wves instructed to breathe normally throughout the procedure. Although
varistions in volume plots could be detected as coincident with the breathing
cycles, significant changes in volumes were not demonstrated when the abdomen
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and thorax segmeats were submerged. The limits of ingirumentation sensitivity
cou d not detect small changes associated with typical, shallow breathing. A
problem of subject buoyancy did occur with some subjects. When this occurred,
the subject was instrucred to abduct her arms fully o contact the tank wells
and stabilize herself. The endpoint for maeximum submersion was the cerviczle
landmark. After s brief pause at this level to stabilize the warer level, the
subject was asked %o inhale for maximum chest expansion and hold her breath.
This manesver produced mazimum volume displacement for the submerged portions
of the body. Becauyse of the slow rste of submersion and rthe necessity of
brief stabilizing periods, total body submersion wmeasurements were not
uttempted.

Total Body Density Technigue

Taotal body density experimeunts for each of the subjects were conducted
at the University of Oklahoma Buman Performance Laboratory. Each subject was
trgneported to the labaratory for testing within cne hour following the
stereophotographic procedures. She was weighed, tested for wvital Ilung
capacity and residual lung volume, snd then positioned onto the submerged tank
sezt. A vertical seat adjustment was made to zllow the entire head to be
above the water surface in an erect sitting position. Prior to the test runs,
the subject practiced lowering her head for complete submersion and forcibly
exhaling to her maximum capacity. Multiple test runs of this procedure were
conducted on each subject for averaging the underwater weight vaives., These
tests provided information to determine totsl body deansity for calculating
total body volume.

Comparative Volumetric Data

The stereophotometric analysis included calculaticns  of the
accumulative percentage of bedy volume as sz function of distance from the
floor as a percentage of total stature, Volume comparisons could be made
between specific reference levels <or the partially submerged subject and the
derived sterecwetric values,

Body wvolume data presented in Tables B-l1 gnd B-2 compare totsal body
volume and partial body volumes, respectively. Results show that greater
total body volumes are estimated by the stereophotometrics in all cases.
Differences range from /.76 ta 12.35 percent with a mean value of 10.01
percent. Comparisons of partial body volumes, shown in Table B-2, are made at
10 percent intervals from the tenth ro eightieth percent levels of composite
{accumulative volume) stature. These comparisons also confirm the phenomenon
of wolume overestimation by the stereophotometric technigue, 83 compared to
results obtained by water immersion, and by about the same percentage. Kot
unexpectedly, the differential values of smaller composite segment volumass are
erratic and 1inconsistent with those of larger accumulative volumes. The
differences occurring with the smaller voiume measurewments, typically the feet



TAEBLE B-1

-----------------------

COMPARISON OF TOTAL BODY VOLUMES CALCULATED FROM MEASURED
DENSITIES AND WEIGHTS AND ESTIMATED STEREOPHOTOMETRICALLY

Total Body Total Calculated Stereo-

Sub ject Weight Body Volume photo-
Number (kg) (lbs) Density (V=W/D) metric
27 42.5 93.5 1.030 41,262 45,791
i35 45,6 100.3 1.051 43,387 49,542
42 50.6 11i.3 1.051 48,145 54,572
7* 53.3 117.3 1.048 50,859 57,160
224 54,8 120.6  1.030 53,204 59,068
30 60.9 134.0 1.030 59,126 65,980
21 61.4 135.1 1.016 60.433 66,552

8 62.1 136.6 1,844 59,482 65,089

12 65.1 143.2 1.029 63,265 71,674
31+ 67.8 146.2 1,023 66,276 72,1405
11 70.% 155.3 1,034 68,279 75,188
14 86.5 190.3 1.008 85,813 93,032

* Experimental control subjects
TABLE B-2

9.89
12.35
11.78
11.02

9.93
1G.39

9.33

S.51
11.73

8.08

9.19

7.76

COMPARISONS OF PARTIAL SEGMENT VOLUMES DERIVED FROM PHOTOMETRIC ANALYSES
ARD MEASURED BY A DIRECT WATER VOLUME DISPLACEMENT TECHNIQUE

Percent difference (+) of derived photometric volumes

from measured volumes at comparative percent imtervals

of total ststure from the fioor.

indicate greater photometric values.
2 30T 40% 502

Total Body
Sub ject Weight
Kumber (kg) (Ibs) 10z 20
33 42.3% 93.5 +24 +22 +17
17 45.86 100.3 -15 + 4 + 1
50 50.6 111.3 +6 +9 + 9
14 53.3 117.3 +27 +16  +1i5
29 5,8 120.6 + 8 +10 +12
55 60.9 1354.0 +18 + & + 8
25 81.4 135.1 + 9 + 8 +12
8 62.1 1236.8 +14 +11 +14
12 65.1 143.2 -6 ¢ +5
37 67.8 19,2 + 5 +11 +i1
18 70.6 155.3 +1&4 +8 + 7
i6 86.5190.3 +9 + 4 + 7
I X] 12.92 s.08 9.83
so 7.18 5.79 4.55

- =

.....

- e =

e "o T2 “a

+15 + 8
+ 7 +« 7
+12 +10
+11 +11
+10 +1i
+ 7 + 7
+ & + 8
+12 +10
+ 7 + &
+10 + 9
+ 4 + 5
+ 4 + 6
8.75 EB.Q0
3.44 2930
B-3

60z 70z 80z [X[ sp
+10 . i6.00 6.36
+ 7 + 9 410 7.50 4.14
+12 +11 +13 10.25 2.25
+11 +11 +12 14.25% 5.52
+ ¢ + 9 +10 3.88 1.25
+ 9 + 8 +10 9.13 3.80
+10 +130 + 9 .00 1.77
+ 3 +11 +12 11.63 1.77
+ 7 + 5 + & 5.08 2.27
+ 7 + 8 + 8 8.63 2.07
7.60 3.91
+ 8 + B + 7 £.63 1.85
.00 9.00 9.70
1.67 1.89 2.26
e LTI T e T T AN

Posgitive values

-----
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and adjacent leg areas, may be attributed to the limited capability of the
experimental techaiques for discriminating small volumes. Relative
consistency of accumulative volume values, for most subjects, usually occurs
above the knee level of total stature. At this level {approximately 20X
level) and asbove, the mean differences at each accumulative volume level for
all subjects ranged from 8.00 to 9.83 percent. The absolute mean differeatial
values for each subject at all volume levels ranges from 5.00 to 16.00 perceant
vith & composite mean value of 9.55 percent.

It is apparent within the limitations of the small sample presented
here, that a consistent trend of 2 nine to 10 percent overestimstion of volume
by stereophotometrics seems to occur with consistency. Ascertaining why this
should occur is beyond the scope of this study.

Comparative Total ‘Body Inertis

Tests were conducted to determine totsal body moment of inertia about an
X axis of a fully extended body position. Inertisl measurements were limited
to the X axis because of the difficulty of accommodating other positiona for
reasonable experimental controls. The position tested is defined as the
supine anatomical position with bilateral abduction of extended arms snd legs.
This position approximates that assumed by the subject for stereonhotography.
All tests were conducted in the CAMI lsboratories utilizing a torsiom pendulum
(Space Electronics, Inc., Model XR-250) with a removable subject platform and
peripheral electronic counter to measure oscillatioan periods. The rigid,
lightweight platform was fitted with & centered mounting post for & balanced
horizontal attschment to the pendulum. Ar electric hoist, vertically aligned
above the platform and pendulum centers, was used to 1ift the platform and
subject for individual and composite balancing. The platform, disconnected
from the pendulum, was first raised by the hoist to clear the pendulum
mounting post then lowered a swall distance onto support blocks at both ends
for subject wmounting and aligoment. The subject was guided to a supine
position on the platform so that her approximate ceanter of gravity was near to
that of the platform. The loaded platform was then raised a small distance
from the support blocks aud stabilized to wvisually check the vertical
aligoment of the platform pivot post and the pendulum post receptacle, This
procedure was repeated, if necessary, to shift the subject's position for
proper alignment of the post and receptacle. The balanced platform was then
lowered onto the perndulum and locked. The hoist cables were removed and the
platform set in motiom to check the ramge of motion. At least six complete
test runs were made for each subject to obtain values for averaging. A test
was considered complete after any three sequential counts of oscillation
periods did not vary more than 0.1 percent. If the timer did not indicate
three valid sequeantial counts within 10 or more oscillation periods, the
platform was stopped and restarted for snother test run. Altogether, a total
of 25 subjects were tested.

B-4
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In 13 of the 25 comparisons, the stereophctome&ricall% estimated
principal moment exceeded the measured X moment by percentages GLQE% ranging
from a3 low of 0.07 percent to a high of 5.74 percent (subjecthgﬁﬁ} {Table
B-3). In the 10 cases where the estimated principal moments underestimated
the measured X moments, the underestimates ranged from a leow of (.23 percent
to a high of 5.74 percent {subject #14). The mean percent, while pesitive,
approached zero (0.153 percent! with a standard deviation of 3.10 percen:i. It
must be noted that in the experimental determination of the total body moment
of inertia, any error in the location of the center of gravity will result iz
an overestimation of the measured moment as:

Ixx (observed) = I,, (absolute) + 42¥

where d is the distance of the measured from the true center of gravity snd M
is the total body mass.

A reinterpretation of the observed correspondence in the {measured vs.
estimated) moments given the positive error in measured moments would mean
that the error associated with the term {d2M) is, on the average, egual to the
overestimation oi moments due to the observed "~ 10 percent overestimation of
volume., An alternative interpretation would be that the error term in the
measured woments is negligible and the estimating of the momeats from volume,
using a segment density of 1 gm em3 (an underestimation of segment density)},
in essence, reduces the effects on the computed mements of the overestimstion
of volume.

Comparative Anthropometry

The complete se! of asnthropomelric measurements was raken twice pn each
of four subjects in order to determine the accuracy of these measurements.
The second set of measurements was taken within one or two days of the first.
For each of the dimensions on a given subject, the second measurement was
subtracted from the first., The results indicate that for each subject the
differences were reasonably small, with a wmean A value of 1.07 percemt. This
translates to an average difference of 4.32 mm and a standard deviation of
4.9] mm, The differences ranged from zero to 30 percent, with the largest
percentage differences appearing ir the skinfolds (e.g. 30 percent value for
anterior thigh skinfold = 9 mm).
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TASLE B-3

COMPARISON OF MEASURED X MOMENTS AND STERECMETRICALLY ESTIMATED
PRIRCIPAL X MOMENTS OF INERTIA FOR THE TOTAL BODY

Measured Iy, [Estimated Ipy

Su ect H?lg?t Stag:ge (gm ca? x 102) ﬁg@ ca? x 102) A A%
27 42.5 147.7 567,920 530,282 22,342 4.48
15 45.6 152.6 604 ,49C 562,233 -12,257 -2.03
33 50.2 163.6 808,650 £52,856 - 5,794 -G.72
35 50.5 156.3 7i7,530 758,710 61,180 5.74
42 50.6 161.9 779,850 792,078 12,228 1.57

P 53.3 159.6 802,278 806,486 4,208 $.52
22* 54 .8 160.2 770,980 789,815 18,836 2.44
38 58.0 160,3 846,450 850,074 3,624 0.43
37 59.0 162.5 893,430 807,637 14,207 1.5%
13 59.1 158.3 884,850 824,715 19,855 2.47
28 59.2 157.3 819,300 835,072 15,272 i.88
23 60.2 160.7 867,790 86G,723 - 7,067 ~0.81
30 60.9 152.3 835,820 300,620 -35,200 ~4.21
21 fl.4 161.5 875,090 912,771 37,681 4.31

8 62.1 166.5 $90,130 951,083 =48, 047 ~4.85
32 62.5 165.8 959,870 466,309 - 3,381 ~4.37
39 £€3.4 166.4 957,960 945,792 - 2,168 -0.23
12 65.1 165.6 1,021,400 1,027,251 5,853 .37
46 65.8 16G.1 1,002,680 1,043,791 41,111 4.10
3i* 67.8 157.2 896,670 904,959 8,289 g.92
il% 70.6 172.3 1,152,680 1,153,494 814 0.87
44 76.9 164.3 1,860,240 1,068,075 - 7,835 -0.74
46 78.% 156.8 1,029,900 934,433 =35,467 -3.44
15 86.5 189.5 1,387,000 1,307,312 -79,688 -5.74
45 94.9 162.0 1,286,790 1,217,320 -69,570 -5.40

* Experimental control subjects
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Comparative Stereophotogrammetry

To determine the accurscy of the stereophotc technigues, three
sequential setsz of dJdata photographs were produced for comparisea with esch
other. In addition, a duplicate analyszis ¢of a fourth photographic sst was
made., Table B-4 compares the differences in stature, tofal body volume, and
total body imertis for four subjects, each photographed three times.
Percentsge difference values®* vary from 0.02 to 0.13 perceant for stature, 0,24
to 1.69 nercent for total body volume, and 1.24 to 3.04 percent for total body
inertia. To further tast the validicy of the photometric technique, Tsbie B-5
compares the results of the duplicate anszlysis frowm the film sets of the four
control subjects. This table first compaves the dimensional differences,
expressed as percentages, ir the three separate, origins! stereophotosetric
zaalyses, then compares the difference between a duplicate dJdimensionsi
analysis of a single photographic set. Differences remsin inconseguential.

Comparison of anthvopometric Values with Stereophoto Values

A coumparison of sterecmetrically obtained linear body dimensions with
those measured by marual. anthropometric techniques wss made om the 3l
variables that were determined to be compsrable for the entire study sample.
This comparison was an effort to identify a possible cause in the phenomenon
of voiume overestimation by stareometric techniques., The approach was to
treat results of the twe experimental techniques as matched samples and
compare the differences. The summary data for the sample are iisted in Table
B-6 as the (1) mean differemces, (2) standard deviation of the differences,
{3) a percentage cowmpariscn of the two mean values (sterecphotometrics as a
percent of anthropometrics), and (4) 2 significance ststistic (P value). The
P value statistic is included to indicate the significance of the mean value
shift. Since the anthropometric landmarks were used to position the targets
and offzets for stereophotography, there should de no differences between the
two measures because of individuval interpretation of laundmarks. The
differences between the weans, using standard scovese

. XA
Anthropometric SD

Z

* Percentage difference was calculated as the renge {(msximum minus miniaum) of
observed values divided by the mean value x 1060,
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TABLR B-%

VARIATIONS IR STATURE, TOTAL BODY VOLUME, AND TOTAL BODY
INERTIA (Ixx) VALUES OF CONTROL SUBJECTS DERLVED FROM

SEQUENTIALLY RDUPLICATED SETS OF STEREOPHOTOGRAPHS

. Comtrol . Photo Total Body

Totsl Body
- Subjeet Series  Stature Volume Inertis (Iyy)
. Rumbey Number (em) {ec) (gn _cml)
' 1 161.00 57,160 80,648,643
2 160.88 57,745 81,598,993
3 160.97 $8,144 82,856,809
7
X 160.95 57,683 81,701,482
SD 0.06 495 1,107,846
3 0.07 1.69 2,67
1 161.02 59,068 78,981,585
2 161.01 58,749 78,529,441
: 3 160.99 58,422 77,426,348
22
: -4 161.01 58,746 78,312,458
SD 9.01 323 800,003
z 0.02 1.09 1.97
258.83 72,105 90,495,530
2 . 158.94 73,166 93,328,675
3 159.08 73,213 92,911,047
31 .
X 158.97 72,827 92,245,201
SD 0.10 626 1,529,279
z 0013 1.51 3.M
1 172.95 75,009 115,349,366
2 172,92 75,188 113,923,889
3 172.% 75,147 114,433,677
12
X 172.94 75,115 114,568,977
sD 0.01 %4 722,312
2 0.02 0.24 1.24
B-8
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TABLE B-3

COMPARISOUS OF VARIABILITY IE DRRIVED DATA TECHNIQUES FROM
DUPLICATE ANALYSES OF SINGLE STEREOPROTOGRAPHIC SETS ANWD
SINGLE ARALYSES OF SEQUENTIAL SERIES OF STEREOPHOTOGRAPHIC
SETS WITE CONTROL SUBJECTS

Percent variation of total range in derived
veiucs of single and duplicate enalyses

Stéreophotometric
Data Type and Sub ject Sab ject Sub ject Sub ject
Anslysis Procedure - 7 22 3 11

STATURE

1. S8ingle snalyses of
seqgoential photo sets 0.67 0.92 0.13 0.02

2. Bupiicatq analysis of
single photo set 0.08 0.0 0.09 0.04

TOTAL BODY VOLUMZ

1. Single analyses of
sequentiel ‘photo sets 1.69 0.24 1.09 1.51

2. Duplicate snsiysis of
single photo szt 2,12 1.84 0.65 1.73

TOTAL BODY INERTIA

1. Singl> analyses cof
sequentizl photo sets 2.67 i.24 1.97 3.04

2. Duplicate anglysie of
single photo set 2.58 2.64 0.16 2.23
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TABLE B-6

A COMPARISON OF ANTHROPOMETRIC AND STEREQPHCTO VALUES

Percentage

B Max Max Comperison

' SD Pos. Neg. 4 of
Variable Anthro  Photo X A A A Range Means
Bitragion 131.6 136.6 5.0 3.0 12.4 -4.9 17.3 104.00
Stature-~Cerv 225.6 230.8 5.2 8§.9 22.8 -=20.2 45.0 102.00
Rad-Styloid 230.7 236.1 5.4 4.0 12.4 ~4.2 16.6 102.00
Axillary—-Arm D 113.8 120,11 6.3 5.9 25.8 -2.7 28.5 106,00
Abdomen Lgth 49.4 54.1 4.7 4.5 15.2 =3.9 16.1 109.00
Symph Ht-Iliac Ht 164.1 167.7 3.7 7.1 2.0 -%.3 35.3 102.09
Fibulare Ht 408.9 . 413.1 4.2 2.4 8.7 -1.4 10.1 101.00
Acromion Ht 13190.1 1320.3 10.2 10.3 40.1 -8.3 48.4 100.70
Bispinous Br 232.5 237.7 S.2 3.5 12.6 -3.0 13.6 102.00
Bustpoint Br 180.2 183.0 2.9 2.4 10.2 -1.8 12.0 102.00
Tibiale~Sphyrion 359.5 361.8 2.4 3.9 il.1  -5.3 16.4 100.60
Stature 1612.4 1618.2 5.9 9.3 38.9 -11.2 50.1 100.30
I1liac Ht-ASIS Ht 78.6 79.8 1.2 5,3 14.1 -3.7 23.8 102.00
10th Rib Ht 1025.1 1028.0 2.9 4.2 13.6 -4.6 18.2 100.20
- Acromion-Rad 297.6 298.4 1.0 5.37 15.9 -12.1 28.6 100.30
Tibiale Ht 422.1 £22.6 0.5 3.8 12.¢0 -7.7 19.7 100.10
Troch-Sphyrioa  771.0  771.8 0.9 6.0 9.0 -23.9 32.9 100.10
Suprasterrale Ht 1315.2 1316.0 0.8 7.2 16.67 -12.6¢ 29.2 100.06
Cervicale Ht 1386.7 1387.4 0.7 5.5 22.5 -11.3 33.8 100.05
Bustpoint Ht 1164.2 1164.6 0.4 12.9 30.4 -=27.5 57.9 100.03
Foot Breadth 92.2 92.2 J3.04 2.4 3.2 -5.5 g.¢ 100.00
Trochanterion 833.5 832.6 -0.94 5.8 7.4 -26.83 3%.2 $9.80
Iliac Crest Ht 975.7 973.9 -~1.9 5.0 6.0 -19.4 25.4 6$9.80
Tragion Ht 1489.6 1486.0 -3.6 8.4 21,1 -23.5 44.6 99.75
ASIS Ht 897.1 894.1 -3.0 5.4 6.8 -14.7 21.5 99.66
Cerv-10th Rib 361.6 359.5 =2.2 4.0 8.9 -8.9 17.8 99.40
Symphysion Ht 811.6 806.2 -5.4 8.7 6.6 -34.5 41.1 99.30
GCluteal Fold Ht - 717.53 712.7 -=4.9 4.8 7.3 =20.5 28.0 99.30
Hand Breadth 77.6 77.0 -0.6 1.9 4.4 =3,5 7.9 99.20
Troch-Fibulare 424.6 419.5 -5.1 5.2 2.5 -30.6 33.1 98.80
Sphyrion Ht 62.6 60.8 -1.84 2.5 4.3 -7.9 12.2 $7.10
* Insignificant at P £.05

Values are expressed in millimeters
3-10
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M"
Sided
P
Value
S
.001
002
091
.001
.001
-002
0901
.001
001
001
001
001
«126%
001
.208%
.352*%
«JO8*
453*%
2327
834
«912%

.276%
010
. 004
.002
.002
.001
.001
.036
.001
.001



to place the sztereophotometric measures within the anthropometry dis-—
tribution, are illustrated in° Table B-7. For example, the variable of
bdbitragion breedth shows a five millimeter mean difference between techniques.
This value, divided by the standard deviation for the anthropomeiry (4.79);
resultes in another value {1.04) that reprvesents the number of standard
deviations that the stereophotometric mean has shifted away from rthe
anthropometric mean value. Translating this value intc percentile points, the
stereophotometric mean would renk at the 84th percentile level of the
enthropometry distribution {Tabie B-7). Two thirds of the stereaphoto
measurements are larger- than the traditionazl anthropometric values. Since
only 2 relatively small number of dimensions were compargble, it is unclear if
this represents a consistent trend. Several 2xplanations can be wade for the
differences obssrved betweer the two techniques. Changea in body posture,
etages of the vespiratory cycle, and the amcunt of pressure applied to the
soft tigsue with the measuring imstrument are all possible causes of
measuremeat discrepancies. It should be sirassed that differences in these
values reflect s difference in techmiques and are not thought to reflect
errors in either metheod.
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TABLE 3~7

T et T LT a  m e a a

RELATIVE NUMBER OF STANDARD DEVIATIONS THAT PHOTOMETRIC
MEAN VALUES BAVE SHIFTED AWAY FROM ANTHROPOMETRIC MEAN VALUES
{Listed sathropcmetric percentiles indicate the level
at which each photometric mean occurs after shift)

Body Medsurement

Bitragion Breadth
Vertex~Cervicale Distance
Radiale-Stylion Length
Axillary Arr Depih
Iliac Crest-10th Rib Distance
Iliac Crest-Symphysion Distance
Fibulare Height
Acromion Height
Bispinous Breadth
Bustpoint-to~Bustpoint
Tibiale-Sphyrion Distance
Stature
Iliac Crest-Anterior Superior
Iliac Spine Distance
10th Rib Height
Acromion-Radiale Length
Tibiaie Height
Trochanterion-Sphyrion Distance
Suprasternzle Height
Cervicale Height
Bustpoint Height
Foot EB.seadth
Trochaanterion Height
Iliac Crest Height
Tragion Height
Anterior Superior Iliac
Spine Height
Cervicale~10th Rid Distance
Symphysion Height
Gluteal Fold Height
Hand Breadth
Trochanterion-Fibulare Distance
Sphyrion Height

Pos:tive values indicate photometric
Nogative values indicate photometrie

B-12

Relative Anthropometric
Photo X Percentiies of
SD Shift Photometric X
1.04 84.0
0.45 &7.0
0.43 67.0
0.39 65.0
0.26 60.0
.22 59.0
9.20 58.90
0.19 57.0
0.17 57.9
.16 56.0
0.12 55.0
0.10 54.0
0.08 53.9
0.06 52.0
0.06 52.0
¢.02 50.8
.02 50.8
0.02 50.8
¢.01 50.4
g.01 30.4
¢.01 50.4
-0.02 49,8
-0.03 49.0
-8.06 48,2
-N,07 47.0
~0.10 46.0
-0,12 45.0
-0.13 45,0
-3.16 &4.0
-0.19 42.0
-0.47 32.6
overestimations.
underestimatiorns.
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