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Small abnormaliﬁies in-softQtissue are not readily detected by -standard .
X=-ray diagnostic'téchniqpes. Such techniques depend ordinarily on significant
differences in atomic absorption coefficients and are normaliy hot effective

in distinguishing small "depth-density" [[p(x)dx] differences between regions

haﬁing similar atomic'comﬁosifion;

Ly

o - 1,2 | :
Recently energetic heavy charged partilcles have been used effectively

‘to determine depth-density differences in soft tlssue. A monoenergetic beam

of such particles.will renetrate a particular absorber to‘a precisely known
dépfh,'the particle range. For'sample thicknesses approximately equal to
this fange, small fhi¢kneés differences yiéldilérge differences in relative
éenétration and.may thérefore 5e aistinguished with high photographic .

contrast.
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It iS'alSO‘pOSSible, however, to disﬁinguish small density variations
in soft tissue by using ﬁonoenergetic x-rays 1f digital—imagiﬁg and contrast--
‘enhancement techniques are employed. To detect a depth-density difference
between two picture elements it 1s 6nly necessafy'that there.bé'a stgtistic—
ally significant difference between the respeétive numbers of‘detected~x—rays.‘
For example, fér'eaéh picture element,‘if Q is the x-ray.attenuation
coefficient and &x is a variation in sample thickness,.then phe vgriation in

the number of x~-rays detected,

<l

(1-e"H5)

must be larger than the statisticél uncertainty in the total number of
‘detected x-rays. For an average of N x-rays détected per pleture element,
8 ]onefstandard—error thickness uncerteinty would be limited by counting

staﬁistics to :
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The x=-ray fluence required for such a pleture would be

I= _—5 e s

el
where x is thebthickness of the object, £ is the width of a picture element,
and € is the detector effiéiency. The average radiation dose sbsorbed by the

object is then -
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if E, the x-ray energy, is expresséd iﬂ keV.

Figure 1 shows, as.a funetion of x;ray energy, the number of counts
required to distinguish 1% thickness differences in a water absorber. Also
zéhown 1s the average absorbed dose under these irfadiation'conditions. We
see from ﬁhe figure that there are reéions éf suitable x-ray eﬁergy where
the required number of counts per'fesolutidh area and the absorbed radiation
dose are'both quite low;

Some.preliminary experimental measurements have been made to confifm
these calculations’ Figure 2 shows'a sample'image taken with a Xe-fllled
-multiwire proportional chamber;3 The test obJect was a 6 x 6 in. lucife |
‘block contining five 1—in;-diameter holes of depth 1,.0;5,'0.2,»0.1, and
0.05 cm respeétively. The image data.weré collected as a 64x6L array in a
‘pulseéheight anaiyzer and very simply proceésed byIcOmputer fqr image'
enhancemént and disélay. The source.uéed was the 22 keV x-fay from long.
As can be seen in the figure the-counting stafistics'were juét adequate to
detect the 0.1.cm hole, which corresponded to a 1.6% decrease in absorber
thicknéss. o

- These first results, while preliminafy in the senée of not fully
éxplbring 10ngi£ﬁdinal and depth resolution capabilities, do deménstrate
the potential-of sﬁch an x-ray detection and imaging scheme for discerning

small depth-density differences in soft tissue at sub-mrem delivered doses.
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Figure Captions

Figure 1 - Detector counts’ (---), and average relative dose to a water

.«

absorber (- )’ vs x-rayAenergy, for resolving l% Ax/x with one
. standard error. The dose-curve data must be_divided_by ef? to obtain
absorbed dose in wrem. Results are plotted for x equal to a) 5 g/cmz,

b) 10 g/cme;fand'c) 20-g/cm2f

Figure 2 - Samples of avprgcessed digital rad;bgraph of test object
déscribea in text. |
o a)  un1form distribution'cf grey'shadesb»
b) high contrast image made by éhowing’as black all picture

o7

=1

elements having counts 1.03N s N s 2,00
¢) similar to &) with 1.06F s N £ 2,00 N

d) similar to a) with 1.308 s N s 2.00 T.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
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any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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