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Determination of Vertebral Bong Mineral In Vive
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E. Totroduction

Osteoporosis is a disease of the bone in which there is a
simultaneous reduction of corcical and spongy bone, Molean and
Urist (1) have indicated that the loss of the spongy bone i3 more
rapid than the cortical bone. The vertebral bodies contain a

_higher percentage of spongy bone than other bones of the body (2).

It iz therefore believed chat skelietal changes might be detected
earlier by measuring the bone mineral content of the vertebral
bodies racher chan other bones. In additlon, overtc clinical
symptoms 0f osteoporosis nsually appear first in the spine through
collapsed vertebrae ("dowagers hump") and through decreased height,
It iz the area that is usuvally examined by a radiclogi=zt to make

& diagnosis of osteoporosis.

A method of in vivo determination of bone mineral content in
the lumbar vertebras by a linear dichromatic transmission scan has
been described by Roos (3). In an effort te reproduce and extend
his techniques, we have constructed a wvertebral bone mineral measuring
system. A crucial problem ig che accurate localization of the vertebra
to be acanned., In our system & Fluoroscope and lmage intengifier are
uged to locare the wvertebra of interest with the subject in a supine
position. We gre usging Gadoliniumoe133 (Gd=153) wich photon energies
of approximately &3 and 100 keV as 8 dichromatic gamma ray source,
The beaam ia callimated by an adjustable rectangular collimator at
the aource and at the 2 inch diameter Mal (T1) mcintillation crystal,
During this past year equipment for these measurements was desigmed
and constructed. Omly preliminary results will be presented in this
report.

ITI. Theory

Figures 1 and 2 zhow the location and gfructure of the gpinal
colum. Figure 3 depicts a typical third lumbar (L-3) vertebra of
an adult male. The L-3 vertebra ig an irregular body of about 3 by
9 cm as viewed by the source=-detector system. The gource and detector
collimators were degigned to produce a beam 3 cm by 1 om at the level
of L-3 and the vertebra is scanned laterally a distance of about 20 cm.
The results of the transmission messurements of bolh energies
are then processed to give the bone mineral content of the vertebra.

The equatioms for the determination of the smount of bone
minerali and/or soft tisswe in the path of a dichromatic beam have

3Bl 3 20¥ 3110 AS AIAIBOIB

bean previously described by Judy (4} and Reos (3). These aquations are:

DISTRIHUTION OF THIS DOCUMENT 15
* Thiz source is further described in USAEC Report COD-1422-71 (1970).
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where
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M = mags In gmicm

BM = gubseript reierring to bone mineral compoment
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subgcript referring to soft tispue component
I = unzattenuated intensity £or one energy
I = transmitted intensity for one energy

The primes indicate the second energy quantitiasz,

and xl = uéT

Hgrhpy ~ PsTRpy

Ky = g1
“sriem = PsT'BM
Ky = Hpn
KsThEM ~ MsTEM
Ky = * By

Kerhpy = “sTHBY

]
where the p and p zre the mass attepuation coefficients. While
Roos's equations may appear to be different from Judy's because
of the usze of different symbols and scaling facteors, fundamentally
their equations are the zape,

Berause the above equations for decermining the bone mineral
mass assume exponential absorption, it is necessary to determine
to what extent the relatively broad beam iz attenuated by bone and
soft tissue exponentially as a function of thickoess. These eguations
also assume there is no interference between the measurements of the
two photon beams, However, with a dichromatic source twa photon
energies are transmitted simultaneously; one must therefore correct for

"spill over” due to gcatter of the higher energy photons into the




lower energy photon channel. Some of our abgorption mesgsurements
show this effect.

ITII. Equipment
*

4 amall animal fluoroscope was modified for vertebral bone
mineral determinations {see figure 4). Thirty-eight centimeters
below the tabletop of the fluvrescope s €d-153 source holder is
mounted on top of the x=vzay tube. The gource and holder are
removed during che localizafiow of L-3 and then are put back for
the bone mineral determination. The holder iz reproducibly
positioned by four pins. Thirty-four centimeters gbove the table-
top bath an Image intengifier (with a T.V. camera) and a two inch
dismeter NaI{Tl) crystal {with phetomultiplier tube ard collimator)
are mounted {see figure 5). They are fixed at right angles and
are supperted by the same vertical column which supports the x-ray
head belew the table. The image intenszifier and Nal detector can
swing in a horizemtal plane ebove the tabletop so that the image
intensifier is pogitioned for localization, afier which the detector
i1z moved into the same position for the bone mineral measurements.
Accurate repositioning is made peszible by the use of a tapered
pin. The whole syztem can be maved in aither direction in the
horizontal plane. In normal operation the apparatus is moved in
the lacterasl direction by a serewdrive.

The dichromatic source, a 60 mCi Gd-153 source** with principal
anergy peaks at approximately 43 and 100 keV, is initislly coellimated
by ics & mm diameter casging and is further collimated by a 1/16 inch
thick lead sheer. Thisz collimator iz adiusted g0 that the beam is
3 em by 1 cm at the L-3 height. The photons emerging from the body
are then collimated at the detector by a similar rectangular aperture
to minimize the scatter.

Proper setting snd alignment of the source and collimators is
easential, A light source {which czn be substituted for the Gd-153
govrce) was comstructed using a prefocused #222 minjature lamp mounted
behind a & yon diameter plastic tramslucent window. This light source
is inserted into the source holder such that lts position and diameter
is the same as the Gd-~153 source. We compared the light source field
with an x-rey pileture of the Gd-153 beam profile at the L-3 level.

The agreement was excellent; therefore we use the light source for
ad justing and aligning the collimators.

The electronic components needed to process the trensmission
information of the Gd-153 source are shown in a block disgram in
figpure 6. A dual channel analyzer is needed to separate the two
photoelectric peaks, The nuwber of counts in each channel is counted
for a fixed time at each measuring peoink. The information i= then
fed into a buffer from which it can be either printed, punched out
on paper Cape, or recorded on magnetic tape.

* Continents) X-ray Corp., Model 20-80 Horizontal Fluorgscope

**  On loan from Oak Ridge National Laboratory




The imitiai mespurements werg made with the equipment showm

* in figure 7. Two Baird Atomic (Model #530) units, each with a
preamplifier, single channel analyzer and timer-gceler, werg used.
The units were started simpltanescusly and the number of countsa wee
recorded manually. In en effort to facilicate the Bandling of &
larger quantity of data, some method of trameferxing the data to
punched tepe or magnetic L&pe wae neceesary.

The heart of chis new inetrumentation lg a muiti-channel
nnalyzar* {eee figure 8) that can perform multi-channel scaling
and hae a memory capable of 256 six dipit wmibers., We use the
wewory ap & buffer. This unit alsc has a single chawnel analyzer
which we modified to auvtomatically alternate betusen two different
gingle channel analyzer setrings each time the memory locstion ie
advanced. It isx therefore posaible to alternately count and etore
the 43 and 100 keV channels. An entire scan can Be stored in the
analyzer'a 256 memory channels. The numbera in the memory are
then read out into a Teletype model 33ASR uasing the interface
which is a part of the multi-chann=l snalyser. This produces
simultanecusly a listing and » punched paper tape. The paper
tape ia then fed inko a computer for analysis.

The disadvantage of thie eystem ie that only the 43 keV or the
100 keV charmel cam be counted at one time. But this 1s not a
serious limitsation If there are svfficiently high count rates amd
if the gettings of the single channel analyzer are alternated
relatively fast with regpect to the gcarning speed.

IV, Results

The rasults of abgorption studiecs made for water, presaed
board and almminum for the two energy peaks of G3-153 are plotted
frr figure 9. The higher energy abeorption curves are clearly
gxpongntial over at leagt a full decade for thege materxials.

The alight departure from exponential absorption with increasing
absorber thickneaa in the lower energy channel appears to be
primarily due to spillover and perhape partly due to the increased
algnificeance of impevfect resolution of the two peaks. Further
experimente are planngd to attempt to quantify the spillover and
resclution effects.

Figure 10 1s an x-ray photograph fllustrating a phantom of
a human trunk we used for & laterael scan of L-3. The top vertebral
bedy in this x-ray 1= L-1.

The count rates for the lower and upper energy channels and
the calculated bone mineral are showm in Figure 11, We counted
for cme afnute &t ¢ach 1 cm interval. The maximum chenge in count
rate for either channel i{s less than a factor of 2, Over thig
limited range it appeara that exponential abecrptlon in beth
encrgy channels iz a reagonable sssumption.

* Horthern Scientific model HSS0D




¥. Futute Plans

We plan to continuve our work in evaluating sources of error
and performing calibration studies. Because the smail fluoroscope
we were using is not intense encugh we plan to uge & more Iintense
patient fluoroscope for localization. In an effort to decreese the
errors due to repositioning we are plamming to build 8 new scanner
capable of ares scans in addition to linesr scanas. We will also
scan other bones containing & high percentage of spongeosa, such
a5 the cervical spine and the nack of the femur.

This work was supported in part by the U. 5. Atomic Epergy
Commission through comtract AT-{11-1)=1422,
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Figure 1: Humsn anatomical landmarks.

{from A Guide to Radiclogical Anatomy, Fub., No. 69-3416C.
Fublished by CGeneral Electric, Medical Systems Dept.,
Milwaukee, Wis.)
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Figure
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A photograph of the vertebral bone mineral measuring apparatus
with the NaI(Tl) erystal and photomultiplier tube in position

over a torso phantom. The white cylinder to the left is the
image intensifier,



Figure 5: A photograph of the apparatus with the table top partially

removed and with the image intensifier in posgition above
the x-ray tube,
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Figure 10:

An x-ray of the torso phantom we used for

preliminary scans. The top vertebral body
in this photograph is L-3.
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