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ABSTRACT

Mass properties of the lnman head are eritical elements in developing neck infury threshold criteria
in aceeleration and impact environments. In order to gecurately simulate the dvnamics of the head in
impact and acceleration enviranments. valid mass properties data for the haman head must exist. The
purpose of this study was two-fold: first, to investigate the potential for using computed tomographic
(CT) analvses to calewlate the inertial properties of the human head and second. to divecily measure
and penerate a useful duta set of huwman head mass properties and anthropometey.. Fifteen cadaveric
human heads, 8 male und 7 female, were measiured.  Approximately 35 anatomical features on the
head were digitized and a head anatomical coordinate svitem was defined.  For the direct
meagsurement procedure, each frozen specimen was secured noa lightweight-aluminum box. The mass,
cemter of gravity (CG) and moments of inertia (MOI were then measured.  Thise same properties af
the bax alone were subtracted from the measured quantities to determine each specimen’'s mass
praperties. For the CT analysis. the identical specimen preparation was imaged with CT. With both
stice collimation and wble feed set at Imm, the CT image resolution was 0.284 movoxel
Segmentation of tssue npes based on density thresholdys was used ro divide the volumetric data into
brain matter, bone, and favskin,  Surfaces from these groups were extracted to create volumes
represeniing these strictures. Assigning mass densities fo the segmented volumes, the mass properties
of the head were calenluted using Computer-Assisied Design (CAD) calewlations: for comparison o
the directly measured mass properiies.

INTRODUCTION

he human body's response to excessive accelerations and impact is largely dependent on the
body's inertinl properties and any encumbering equipment. Without doubt, the head and neck are
among the most exposed elements of the body in these harsh dynamic environments. This issue has
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been recognized hy the government and within the medical and commercial communities for several
decndes. A great deal of rescarch has been performed on characterizing the inertial properties of the
hieads and necks of cadavers and living humans (Harless, 1860; Clauser. MeConville, Young, 1969,
Becker 1972: Walker, Harris, Pontus, 1973 Chandler, Clauser, MeCuonville, Revnolds, Young, 1974;
Beier, Schuller, Schuck, Ewing, Becker, Thomas, [980; McConville, Churchill, Kaleps, Clauser,
Cuzes, 1980; Kaleps, Clauser, Young, Zehner, MeConville, [984),

Within the United States Air Foree, devices that encumber the head and neck often melude
helmets, oxygen masks, and helmet-mounted optics, especially for an airerew member.  The mass
properties and the mass distribution of these devices relative to the head are critical design parameters
for helmets and head-supported equipment.  These parameters could affect the comfort, fit,
performance and crash or ejection safety of head-mounted equipment.  The distribution of head-
supported mass could also affects the fatigue experienced by aircrew members. The mass propertics
purameters which have been identified as most important when designing helmet systems are total
head-supported mass, moments of mertin (MOI), and the center of gravity (CG) location of the head-
supported equipment (Knox, Buhrman, Perry, 1992; Self, Spittle, Kaleps, Albery, 1992, Whitestone,
Albery, 1996). Likewise, for advanced computations and acenrate dynmmie modeling, it is essentinl
to have a prior knowledge of the mass properties of these equipment simulited i the model {Schultz,
Oberpefell, Rizer, Albery, Anderson, 1997; Beier et al., 1980,

BACKGROUND

This research was made possible due 10 o Cooperntive Research and Development Agreement
{CRADA) between the US Air Force Research Laboratory’s Biodynamics and Aceceleration Branch
(AFRLAMEPA) and the University of Washington's Orthopaedic & Biomechanics Lab (UW-DBL).
One of the primary missions of the AFRL/HEPA is to conduct experimental research to define the
human response to transient biodynamic stresses such as impact acceleration and aerodynamic forces.
With the goal of developing aeromedical njury tolerance oriteria, it i5 essential to understand the
envelope of dynamic stresses within which the human body can operate without injury. Towirds
establishing these criteria, the experimental research often includes the exposures of human volunteers
to a defined ronge of acceletation pulses,  In order 1o acowately develop these criteria, and
successfully model the head and neck reaction to these pulses, it is important 1o have an accurate
record of the mass properties of volunteer-subjects’ head.  Sinee it 1s impossible to directly measore
the subjects’ head mass properties accurately without segmentation, it would be very helpfl 1w
develop o method for computing the head mass propenties of the living buman,  Hence, the current
studics were conducted 1o nvestigate the potentinl for using computed tomography (CT) analysis o
accurately caleulate the mertial properties of the living human head. Another spplication of this
methodology that would benefit is cusiom-fit and ballasted helmets to lessen the risk of mcreased
bending and rotational moments due to an offset of the current head CG.

Due to recent advancements in medical imaging. we can now provide three-dimensional
reprsentations of CT date. Live humian heads can now be volume rendered.  Segmentation of tissue
types including bramn matter, fat, bone, and skin wall allow for a morphological map of the head to
which mass densities can be assigned. Assuming that o relationship exisis berween Hounsfield Units (a
normalized index of x-roy attenuation used m CT mmaging based on a seale of -1000 (wr) to +1000
ibone), with water being 0), and physical density, each voxel (a contraction for volume element that is
the base unit for CT reconstryction; represented as a pivel in the display of the CT imoge) representing
the object can be assipned o physical density, These segmented volumes can then be osed to
determine mass properties ol the whole head.
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To determine the reliability of using electromic imaging to determine mass propertics, a
commercial mass propertics measurement system with known accuracy (Self et al,, 1992} can be used
to directly measure and validate the imaging results, Our immediate objective was to develop a
methodology to directly measure the mass, CG, and MOIs of cadavenie human head specimens, and to
develop the methodology for calculating the inertinl properties of these specimens using CT analyses.
Once these methodologies are proven accurate and reliable, the ultimate goal of verifying the efficacy
for using CT analysis o aecurntely caleulate the inertial properties of the living human head will be
completed. This will fead o the development of & useful database of human head mass propertics and
anthropometry.  The results of these two procedures will provide human head mass properties: data,
both measured and calculated, with respect 1o o head anmtomical coordinate system, This common
coordinate system allows for comparison of the two methods of data collection. At the time this study
was presented. these methodologies were still being developed ond utilized.  Therefore, the focus off
this paper will concentrate on the current methodology used to colleet these date. A summiary of the
mensured mass propertics dotn are presented.

METHODS
Specimens

Eight male and seven female cadaver specimens were measured. The male specimens ranged
in age from [6-80 years at time of death, with o mean age of 55422, The female specimens fanged in
age from 23-97 years at time of death, with a mean age of 62424, Overall (both male and female), the
specimens mnged o age from 16-97 yeurs at ime of death, with a mean age of 50422,

All specimens were acquired from the International Institute for the Advancement of Medicine
{I1AM), Scrunton, PA. Before delivery, all specimens were scanned for blood-borne pathogens, such
as hepatitis and HIV, The specimens were ordered and received with at least the neck (cervical spine)
gtill attached to the hewd, The necks were used inanother concurrent study, Therelore, in order for the
specimens to be considered, they had o have no history of head or peck trauma. The head and neck
specimens were radiographed for gross degenerative changes or sbnormalities and visually inspected
for confounding pathologies. Any specimens not meeting ‘our requirements were rejected.  All
specimens were handled according to Center for Discase Control (CDC) guidelines upon delivery. All
specimens remained froeen (=20°C) until they were used in the study, at which time they were thawed
secerding 1o the requirements for that particular part of the stody. Al specimens werg naturally
drained. and were not flushed nor embalmed.

Mass Properties: Direct Measurement

Procedural overview.  The procedure consists of measuring the combined mass. CG, and
MOIs of a specimen secured within a support box and then messuring the properties of the support
box hy itself. The contribution from the support box 15 then subtracted from the combination,
resulting in the mass, CG, and MOIs of the specimen alone. All predetermined landmarks on the head
waere then dagitized in order 10 generate a hedd anmtomical coordinate syslem and to acquire the data
necessary to caleulate vanous snthropometry. The specimens” CG location was coleoluted with respect
to & head anatomical axis system. The hepd anatomical axis system was used (o locale the position of
the specimens” CG with respect to the Bead and was defined by anatomical landmarks on the surface
of the head and face. The principal MOl were defined ar the specimens™ CG location. I addition,
basic anthropametric measures were recorded, such as head circumference, head broadih, and head
length.

Eguipment. The dircet messurement procedure included o three-sided orthozonal support hox
]



to secure the specimen during testing; o digital balance and moment table to determine the mass and
CG; an MOL instrument to record the specimens’ principal MOIs; a three-dimensional digitizer 1o
determine the anatomical coordmate system and location of the predetermined anatomical landmarks:
anthropometric tools, such as ribbon tape, and calipers to perform basic anthropometry, and a
computer for data acquisition and analysis.

Marking the anatomical featiires. The first step was to thaw the specimen until the skin was
pulpable. The specimen was then shaved, cleaned and dried.  Approximately 35 predetermined
anatomical features were located by palpating the flesh and marked with permanent ink (FIG. 1),
Lead markers, called Beekley® spots, commonly used in radiographs, were placed on key landmarks
and were used to set up the specimen’s head anatomical coordinate system.  The landmarks identified.
marked and recorded were chosen either to satisfy the requirements for generating the anatomical
coordinate sysiem or to determine physical anthropometric dimensions; for comparison o previous
studies. Some of the lindmarks not shown on FIG. 1 include the apex, occiput, nuchale, and occipital
condyles, as well as three reference landmarks on the forehead.

Traghas

Flty, 1. Anammical Features Recorded

The head anatomical coordinate system. This system is bused on the Frankfort plane of the

Head. Locating, marking with the Beekley® spots and digitizing four key landmarks generates his
plane, The ¥ axis of the head anatomical coordinate system (positive to the left) is generated by
digitizing the Jeft and right tragions, located at the notch just above the tragus of the left and right car.
A vector from the nght infraprbitale normal to the Y axis establishes the X axis of the head anatomical
coordinate system (positive toward the front). The infroorbitale is located at the lowest point on the
inferior margin of the orbit of the right evesocket. The vrigin of the head anatomical coordinate
system is at the intersection of these axes with the Z axis positive upward. The coordinate system is
finally translated 1o the mid-sagittol plane of the head by digitizing the sellion (located at the greatest
indentntion of the nasal rool depression (FIG. 2),

Dizseetion of the neck from the hoad. The head and neck went through a three-step dissection
technique. This multi-phase technique was necessary due to the concurrent neck research. A portion
of the head had to remain intact (attached to the neck) until the neck testing was complete. This
segmentation included a posterior-to-anterior cut from the ocecipital protuberance 1 the zygomatic
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process and sphenoid bone (FIG. 3a). Then an inferior-tw-superior cut completed the initial
segmentation (FIG. 3B). Upon completion of the neck testing, the portion of the skull was reattached
using adhesive (FIG. 3C). The finul segmentation was performed utilizing # technique much like that
of past cadavenie head mass propertics studies (Walker el al,, 1973; Beier et al., 1980). This cut
originates just below the external oceipital protruberance, proceeding anteriorly and inferorly to the
atlantooceipital joint, then onto prevertebral muscle mass, mtersecting with a cut just superior to the
hyoud bone that extends cramally and posteriorly (FIG. 3D),

Z

FIG. 2. Head Anatomical Coordinate System

FIG. 3. (A & B) Initial dissection of the head from the neck 1o allow a portion of the skull o remam
antached o the neck for the conourrent neck stuely,  (C) Reattachment of the portion of the
skull. (D) Final segmentation separates the head and neck.



Securing the head within the support box. In order to directly measure the mass properties,
the specimen was first mounted in a lightweight orthogonal support box. The three sides of the
support box form mutually perpendicular planes that form the X, Y and Z axes with the comer
designaled as the origin. Hook and loop straps or strips of tape were used o hold the specimen tightly
within the box. The box properties are predetermmed and later subtracted, leaving just the specimen
properties. The box not only serves as a means for fixing the specimen during testing, it also serves us
a source from which all the data are imitially referenced.

Wass and CG determinarion. The mass of the specimen was determined by placing the
specimen and support box on an electronic balance and recording the mass (FIG. 4)

FIG. 4. Manikin Head within the Suppor
Box being Measured for CG,

The CG location is determined with the use of the balance and & moment table assembly. The
moment table is an aluminum plate supported by two steel knife-edge blades with their edges parallel
to each other and separuted by 4 known distance.  An aluminum chock is secured to the top of the
plate directly above one of the steel blades. During testing, the chock side of the table is placed on an
adjustable stand and the other side is placed on the electronic balance. The stand 15 adjusted until the
table is level and then the balance is zeroed. The force of the first moment of the specimen within the
box along each axis is determined directly from the balance reading. With the mass of the specimen
within the box as well as the blade-to-blade horizontal separation distance, the position of the
composite center of mass 18 caleulated using summation of moments about the chock edge and resulis
I

r — '*'u'ﬁri
(i Fl P

where F, = Balance reading of specimen within the suppont box on the moment lable (Converted Lo
weight)
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Fip = Weight of the specimen within the support box

R; = Known moment arm blade separation distance

X, o= OG0 coordinate of specimen within the support box with respect to the support box in contact
with the chock,

To determine the CG of the specimen alone, the entire procedure was repeated for the empty
suppor box. The empty suppon box CG was then subtracied from the combined specimen and box
data, resulting in the CG of the specimen. Since first moments are additive, the center of mass of the
specimen with respect to the support box axis system is determined by subtracting the support box
contribution:

where  F7 = Weight of the specimen
Frg = Weight of the specimen within the support box
Fy = Weight of the support box
X =X axis CG location of the specimen
X = X axis CG location of the specimen within the suppart box
Ay = Xoaxis CG location of the support box.

This procedure is repeated For the Y and Z axis CG locations,

Omce the CG is caledlated, the moments about the combined CG of the specimen and box can be
measured.

Momenis of Inertic Deterpmination.  Specimen MOIs were measured with the specimen
secured m the suppori box ond placed on a XR-530 Space Electronics Mass Properties Instrument, The
mstrument measures the MOls abour a torsional pendulum axis. The momeni measured was that of
the pendulum itself, plus the pendulum platform, and the specimen within the box upon the pendulum
platform. The pendulum platform consisted of a 1" x 1" x 25" honeycomb gndded platter. This
platter is marked 0 0.1 in. increments 1o ensure accurnte placement of the specimen within the box.

This instrument functions most gecurntely when the CG position of the object being tested is
initiafly aligned with the fixed pendulum axis. Therefore, the standard procedure was to mount the
specimen within the box on the gridded test platter with the horizontal CG position of the composile
within +/-0.01 in. of the pendulunt’s vertical axis. Onee the specimen within the box was in place, the
MOl measurement was recorded. This process was repeated for all six MOIs, with the specimen
within the box being reoriented between each measurement.

When the platter, given an anpular displacement, 8, from its equilibrium position, is triggered,
it oscillates due to the restoring torque, T, exerted by the instrument’s shaft. The magnitude of T is
given by

r=%o_xo
L

where K, s the torsional spring constant of the shaft and is a function of the shear modulus, G, the
length of the shaft, L. and the polar moment of inertia, J, of the cross section of the shaft.
If the torsional moment of inertin of the platiter 15  and the torsional force acts to bring the
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syatem back to equilibrium, then we can write

This equation can also be written as

that is i homogenous differential equation for which the solution 1s

8=A, Eﬂﬁ1||hf+c1 :'i'iTI.”ILF
! . I

where € and '« are constants which cen be determined from the initial conditions,  1f the il
conditions are

6 att=0 equalsO

b, o 1Y |
nd Boatt=— |[— equals 4
2 sk 4

2

then C, =0, and C: = A and the previous eguation becomes

(K,

H=Asm,‘[T'r

This is the equation for simple harmonic motion that 1,% is the angular frequency, o, al

which the platter and shaft oscillate in radians per second, The period of oscillation, T, 15 ziven by

Solving this equation for the moment of inertia gives
=K1}

The rotational inertial properties of the specimen within the box can be expressed by an inertin
tensor. The tensor values depend on the coordinate system origin and orientation with respect to the
tensor being caleulated. Moment of inertia messurements were laken about six different axes to
generate an inertix fensor from which the onentation of the principal axes and the magmitudes of the
principal MOT were determined.  For simplicity, three of the axes chosen (X, ¥, Z) were about the
cardinal axes (hoth edges) of the support box. Figure 5 shows specimen being measured about one of
the cardinal axes. The remamning three axes (XY, YZ, XZ) were axes in the planes of the three walls
of the support box at 45-degree angles to the cardinal axes. These 45-degree measurements were
taken using a custom-made Hghtweight g as shown in FIG, 6. Al six axes intersect ot the origin of
the box's coordinate system,
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F1G, 5. Maonikan head within the suppon bos FIG. 6. Manikan head within the support box
being measured for MOL about being messured for MO abow
a cardimal pxs o noncardinal axis

From the six moment measurements, the products of inértis or diagonal elements of the inertia
tensor can be determined from the equation

p _duth tan” @ =1+ tan” @)/,
2ung

where Py = the product of inertia in the ab plane

1, = the moment of inertia about the cirdinal 1xis a

Iy = the moment of inerlia aboul the cardinal axis b

L = the moment of inertia about the noncardinal axis in the ab plane

& = the angle berween axis a and axis b,

Because the angle between axes is 457, the equation stmplifies to
podut 1y =21,

ih 5

Upon completion of the six moment measurements with the specimen within the box, the
entire procedure was repeated with the empty box. The box plus jig inertial properties were subtracted
from the mensured composite properties using the parallel axis theorem.

The resulting inertia tensor, which was with respect to the center of mass of the test object, can be
wrilten as
ly =Py —Pg
T=l=Fy & Fie
— P =Py Iz

This inertia tensor is symmetric and can be reduced to diagonal form in which the products

equal zero and the diagonal elements are the principal moments. This is accomplished by determinmg
the values of A which satisty the eguation

(T'=fihn=1
where [ are the principal moments of inertiz.  The vectors associated with these values are the
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directions of the principal axes associated with the principal moments of inertia. These vectors,
expressed as a matrix of cosines, define the directions of the principal axes with respect to the axis
parallel to the box axis system, but are centered at the specimen CG.

Crordinate System Transformation. To this point, ll measurements were located with respect
to the hox coordinate axes, To reference the propertics of the specimen to o head anatomical
coordinste system, the specimen landmarks were digitized with respect to the box coordinate system
(hox edges) using the electronic position coordinate digitizer. The box onigin, focated at the rear and
right-hand comer of the outer box, and points representing the X, ¥, and Z axes of the box (box
edoes) were digitized along with all the pre-marked head and face landmarks (FIG. 7). Those pomnls
ol secessible due to the frame of the box were digitized upon removal of the box along with at least
three points from the previous set, thus allowing for inclusion in the final dita set.

FiG, 7. Munikan bead snd Helmer within Support box bemg Digitized

Mass Properties: Computed Tomography (CT) Protocol

verview, Fifteen unembalmed cadaver heads were used for estimating mass propertics, The
spiral CT data were collected by the University of Washington's Orthopaedic & Biomechanics Lab,
located at the Harborview Medical Center, Seattle, WA. These data were transferred clectronically to
Total Contact Inc., Dayton, OH for segmentation and determination of mass properties.

CT tmaging. The CT imager used was the GE High Speed Advantage System. This system
has an X-Ray strength of 120kV at 80mA. With both slice collimation (thickness) and table feed setat
| mm, the following are the resultant dimensional resolutions:

= 1-D resolution = 273 mm circle at 512 pixels = 0.5332 mmi/pixel

- 2-D resolution =273 mm x 273 mm at 512 pixels x 512 pixels =0.2843 mm’/pixel’
3-D resolution = 273 mm x 273 mm x | mm at 512 pixels x 512 pixels x | pixel = 0.2843
mm fpixel’ = 0.2843 mm’/voxel



FIG. 8, Shee of sprul OT datp with Beelilley® spot and phantom

Figure 8§ shows an example stice of spiral COT dnta,  The image s represented os o gray scale
image and shows the 2-I¥ view of the head. Likewise. the image shows the density phantom (product
mformation) Beekley® spot, os well ns the bone, brom. and soft tssue. Contrary to this image, all
scans were performed with the head m the prone position and progressed caudad.

Segmentaiion and cafculetion of mass properiies, Tissue segmentation was performed using
Analyze AVW as shown in FIG. 9 This biomedical visunlization and analysis software was
developed over the last 1Y years for the Mayo Clinic by a team of physicians, biomedical engineers,
ond programumers.  This program contaings advanced nutomated segmentation routines including
thresholding, 2-D and 3-13 region growing, sotomated boundary  detection, and morphological
processing.  The resulting Houns
bone, and skin.  Surfaces from these groups were extracted 1o ereate volumes representing these
structures, The surfaces were transferred to AwoCAD or o similar CAD package for caleulating the
whole head mass, CG, and principal MOLs (Whitestone, 2000).

icld Units were used to categorize each voxel into brian, CSF, fut,

FiG, 9. Example of Analvee AVW visunlization and annlyses capnbility
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Figures 10A and 10B show the segmented soft nssue (skin) and bone (skull) as extracted from
the spiral CT dom using Analvze AVW. Likewise, in Figures. 10C and 10D the skull is visualized
with the bram. This image was also segmented from the spiral CT date. This exercise demonsirstes
lhe ability 1o segment 2-D CT dam slices resulting in 3-D surface representations of various fissue
IVpIos.

Flig 1, Sepmented soft Dasoeskom (A) and bonesskull § H_r :‘.'h:_‘: eniied hl.‘lnl: skl (1) r||_'|d_
brain ), All imaves were extracied from the spiml CT dita using Analyze AVW.

RESULTS
Mass Properties: Direet Measurement

Data tables, Three data tubles list the measured mass properties for the female specimens
{ Table 1), mole specimens (Table 2, and o summary for all specimens ( Table 3).

A vomparson of the mean values for gender of each recorded measure (mass, CGy, COy,
Cy, MOl MOTy, MOI:) was performed.  All comparisons were performed ot a significance level of
m=A5

if' the varances of the males and females were found to be not significantly different, then &
2-sample, 2-tailed 1-test was performed. Using this statistic, no significant difference was determuned
for CGx iT(13) =059, p=0.5624}, CGy [T (13 =017, p=08668}, and CGz {T (13)=0.82, p=
042831, Conversely, using this statistic, a significant difference was determmed for MOIx (T (13) =
340, p= 00048,

If the variances of the males and females were found to be significantly different, then an
approximate, 2-tailed t-test was performed using  Satterthwaite's approximation for degrees of
freedom, Using this statistic, a significam difference was determined for the mass {T (7.8) =339, p=
0.0074}), MOT, ([T (8.1)=3.84, p = 0.0048], ond MOR; [T (9.3) = 2,55, p= 0.0305],

These statistics indicote that a significant pender difference was found for mass, and the
principal moments of inertia, but not for the centers of gravity,

When the calculated mass properties results become avatlable from the CT mmagmg analyss,
they will be compared to the results shown above. Likewise, these data will be compured 1o the past
studies referenced earlier in this paper.



: Female Specimen Mass Properties

Famale Masa CGx CGy Gy MO, MOy MOl
Specimans (k) {em) {em) {cm) {kg-em’) {kg-cm'] {kg-cm’}
| siNFo2 298 18 D48 255 Bage | 12e1e 124,04
SN FO5 278 034 | o088 288 748 112.07 10787 |
| SN FDE 3,00 04z A58 18 8112 3am | 12348
SN FoT 275 -0.60 0.05 | 319 7E52 118 29 11163
SN F13 278 0.14 004 383 10285 10870 | 7110
SNFIS_ | 308 | 014 410 | 3l | & 19598 | 12275
SN F17 287 076 0.00 281 | 11983 | 12056 B0.32 |
Megan 268 ooz 0.10 284 _ BeEs | 11663 10603
Sid. Dy, 013 045 0.58 047 15.09 1012 2182
Table 2: Mole Specimen Mass Properties
Male Mass CGy CGy [ MOl MAICH MOl
| Specimens. | (kg) jmm) _ [em) {em) (kg-em’) kgem’) | (kg-em’} |
SitMos | 304 4.1 A 220 | 7age | 129 127,50
SN M0 438 T -0.18 211 14543 | 22328 22150
SN M1 353 013 0,48 276 16240 | 16445 110.48
SN M12 3.96 010 -i.22 36t 124.50 L L IG5
 SmM 37 .15 03 | 235 117 63 17454 770
SN M18 azn 033 | o3 157 | 14288 148 64 99 78
SM M18 292 017 025 3.80 110.02 129,77 1017
SN M0 445 0.26 o3 263 18113 20648 L
Mean 3,58 0.13 .08 284 12820 173,64 16061
Sid. Dev 0.53 0.27 .30 075 26 B2 38.27 5588
Table 3: Overnll Specimen Mass Propertics
All Mass CGy GG, G, MOl MOy MO,
| Specimane | (kg} fem) {em) [em) {kg-cm®) [kg-cm’] (kg-em’}
Maan a2y 008 .08 278 109.53 14664 133,32
P. Sid. Dev 0.44 0.36 048 065 2234 Z8.91 43,50
CONCLUSIONS

The procedures used 1o conduet this study consisted of preparing the specimens, marking
predetermined londmarks on the specimens” head and face, performing anthropometric measures on
the specimen, dissecting the head from the neck. measuring the specimens’ mass and CG with respect
to & box coordinate system, measuring the specimens’ principal moments of inertia with respeet to the
specimens’ CG, digitizing appropriate landmarks on the box and specimens 1o transform the CG data
from the box to the head anatomical coordinate system, performing the CT scans, snalyzing the scans,
calculating the mass properties of the specimens, and lastly, comparing the two sets of data (measured

versus calculoted).

The mass, centers of gravity. and principal moments of inertin were directly micasured for 15
human cadaveric specimens.  All computed tomographic scans were performed and are currently in
the process of being analyzed to allow for the caleulation of the specimen mass properties. Upon
completion of this study, the two sets of data (measured versus calculated) will be statistically
compared. Likewise, a comparison of these results with past studies will be performed for both mass
properties and anthropometry.

It is the hope of these authors that this study will determine the efficacy of using electronic



imaging, specifically CT, to determine the mass properties of living human heads, and generate an
additional useful set of human head mass properties and anthropometric data,
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