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| -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.
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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.




el = T T i e el e e

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
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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
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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
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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
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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
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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
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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
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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.
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"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