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Small abnormalities in soft-tissue are not readily detected by standard 

x-ray diagnostic techniques. Such techniques depend ordinarily on significant 

differences in atomic absorption coefficients and are normally not effective 

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

having s.imilar atomic composition~ 
1,2 . 

Recently energetic heavy charged particles have been used effectively 

·to determine depth-density differences in soft tissue. A monoenergetic beam 

of such particles 'Will penetrate a particular absorber to a precisely known 

depth, the particle range. For sample thicknesses approximately equal to 

this range, small thickness differences yield large differences in relative 

penetration and may therefore be distinguished with high photographic 

contrast. 
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It is also possible,_ however, to distinguish small density variations 

in soft tissue by using monoenergetic x-rays if digital-imaging and contrast--

enhancement techniques are employed. To detect a depth-density difference 

between two picture elements it is only necessary that there be a statistic-

ally significant difference bet-ween the respective numbers of detected x-rays. 

For example, for each picture element, if 1-1 is the x-ray attenuation 

coefficient and !sx. is a variation in sa1r.ple thickness, then the variation in 

the number of x-rays detected, 

.6.N 
N = 

must be larger than the statistical uncertainty in the total number of 

detected x-rays. For ap average of N x-rays detected per picture element, 

a .one-standard-error thickness uncertsh1ty would be limited by counting 

statistics to 

!sx.l = - ~ tn ( 1- _1:... ) • 
N 

The x-ray fluence required for such a picture -would be 

I= ei-OC 
' 

where x is the thickness of the object, L is the -width of a picture element, 

and E is the detector efficiency. The average radiation dose absorbed by the 

object is then · 



D = 
1.6x10 .. 5 . EN 

XE£
2 
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.j..OC 
.(e -1) 

if E., the x-ray energy, is expressed in ke V. 

f..[~:' ad 

Figure .1 shows, as a function of x-ray energy, the number of counts 

required to distinguish 1% thickness differences in a water absorber. Also 

shown is the average absorbed dose under these irradiation conditions. We 

see from the figure that there are regions of suitable x-ray energy where 

the required number of counts per resolution area and the absorbed radiation 

dose are both quite low. 

Some preliminary experimental measurements have been made to confirm 

these calculations'. Figure 2 shows a sample image taken with a Xe-filled 

multiwire proportional chamber.3 The test object was a 6 x 6 in. lucite 

block contining five 1-in.-diameter holes of depth 1, 0.5, 0.2, 0.1, and 

0.05 em respectively. The image data were collected as a 64x64 array in a 

pulse-height analyzer and very simply processed by computer for image 

. 109 
enhancement and display. The source used was the 22 keV x-ray from Cd. 

As can be seen in the figure the counting statistics were just adequate to 

detect the O.lcm hole, which corresponded to a 1.6% decrease in absorber 

thickness. 

These first results, while preliminary in the sense of not fully 

exploring longitudinal and depth resolution capabilities, do demonstrate 

the potential of such an x-ray detect·ion and imaging scheme for discerning 

smali 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 c ), vs x-ray energy, for resolving 1% Ax/x with one 

standard error. The dose-curve data must be divided by Ei2 to obtain 

absorbed dose in 1-Jl'em. Results are :plotted for x equal to a) 5 g/cm2, 

b) 10 g/cm2 ~ and c) 20 g/cm2 • 

Figure 2 - Samples of a :processed digital radiograph of test object 

described ih text. 

a) uniform distribution of grey shades 

b) high contrast image made by showing as black all :picture 

elements having counts l.03N :3! N :3! 2.00 N 

c) similar to a) with l.o6N :3! N :3! 2.00 N 
d) similar to a) with 1.30N :3! N :3! 2.00 N. 



-6-

1000 

100 

10 

10 20 30 40 

X- ray energy ( keV) 

XBL 747-3583 

Fig. 1 



v 

. . .. 

... .. 
. •· '. 
.. · 

::. . :· .. ' 

.. 

W• D• 

. . . . .. 

. . .. . 

.. 
·: :· 

.. .. . . . . . .. . .. . . . .. . ·. .. .. .. . . 
i~ .. . .. 

. . : 

. . . 

. .. . 

. . . . 

-7-

·~ 
............ . . ~.~.·:~7.~ 

····· ··········· . ....... .. . ...... ..... . . ............ . 
.. ~ : : : :·: ~': ' : . . .. ' ' ' 

., ......... . ............. 

.. . . • • • 

.. . ·:···· ·· .. 

. 
·.!· ••••• · • . ··:: . :· 

.. : .... 
::::::::. 
·~SiiiiiiS • ::::::::· 

. .... .... . .... 
::::i:· 

. . 

. ......... . .............. ............... .............. 
•••••••• I ........ 

a 

• 

.. 

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

. ..... ........ ........ ......... . .......... ·:·::::· . u:• • 

c 

. . . . . . . . . 

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

. . . .. .. ... . .. . .............. . . . .. . .. . .. ...... . .. . . . . ........ . ::· .·· ······: .. ·:··· .·· :··· ... ··· .. ·. 
·:: •.· ... 
·: . . . . . ::. . . .. ··: . :s. :·:· . 

·:. . :·· . : · ... 

.. . . . . . ..• . . :.: =::: :: ••••• . ....... .. . . ·::::.:::::· . . . . ··:::::::=: ·:::: :·:. 
e a ••••• II II 

. ·. 
··~~II 

II II II II 

II II :· .11:11
11

:1111 II 
II 1111111111111111 
II IIIII 111111111111 

II II 111111111111111111 II 
11111111111111111111 

II 11111111111111 
II 1111111111 

II II II, 11111111111111 

:: 
.~· ... 

· .. 
1111 ~~:::::. 
:::::::::11 
11111111111111111111 

1111111111 ...... 

:.:::::::::· 
···~~········ ··~~····· ...... 

. . 
111111111111 
11111111111111 

• ••••••• ~!! 
111111111111111111 . ....... . . ...... . 
··:::·· 

. . 
. . . 

. . . 
111111111111 . ........ . 

. . 

1111111111111111111111 
1111111111111111111111 ......... 
111111111111111111 .......... 

•a:••• 

b 

d 

•• =: 

.. . .. . . . . . : 

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

. . . . . 
. .. . 

XBL 747-1132 

Fig. 2 



..---------LEGAL NOTICE-----------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
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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