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EXPERIMENTAL EVALUATION OF MEDICAL SCMNERS 

CHAPTER I 

INTRODUCTION

Since the advent o f  nuclear rea c to rs ,  the medical p rofess ion  has

made rapid and s ig n i f i c a n t  uses o f  various ra d io a c tiv e  iso top es  to expand

and improve the d iagn os is  and treatment o f  many human d is e a s e s .  One of  

the most in tr ig u in g  o f  these a p p lica t ion s  i s  the f i e l d  of Medical Radio

iso to p e  Scanning. In p r in c ip le ,  scanning permits a c l in ic ia n  to d e ter 

mine the function a l s ta tu s  o f  an organ, or system o f  organs, by d e tec t in g

w ith  external counters the presence or absence o f  r a d io a c t iv i ty  contained

by or w ith in  an organ. This f i e ld  has expanded rapidly  during the past  

10 years and has by no means achieved anthing resembling an equilibrium  

or sa tu r a t io n .  On the contrary, the f i e l d  i s  expanding so fa s t  that new 

developments in scanning equipment and radiochemical compounds are 

reported almost on a monthly b a s is .

Due to the rapid acceptance o f  Medical Radioisotope Scanning by 

the medical p r o fe s s io n ,  severa l commercial scanners are p resen tly  a v a i l 

a b le .  Each o f  these scanners has cer ta in  fea tu res  that are due to com

promises inherent in the design and ap p lica t io n s  o f  the p articu lar  

d e v ic e .  I t  i s  almost a p hysica l im p o s s ib i l i ty  to design one scanner 

which does a l l  things in an optimum fashion and which has the acceptance  

o f  a l l  c l i n i c i a n s .  Like other in d u str ie s  th i s  forms the b a s is  and
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j u s t i f i c a t i o n  for  healthy  and b e n e f ic ia l  com petition.

This report i s  the r e s u l t  o f  an experimental eva luation  performed 

in the f i e l d  on a p articu lar  c la s s  o f  scanners ( r e c t i l in e a r )  which 

comprise, at present, the m ajority o f  medical in s t a l la t i o n s .

The scanners included in the eva luation  are the Ohio-Nuclear 8" 

located  at S t .  Anthony's H osp ita l,  the Picker 5" located at B aptis t  

Memorial H o sp ita l ,  the Picker 3" located  at the o f f i c e  o f  Dr. William  

R e if f ,  and the Nuclear-Chicago 3" Pho Dot located  at V. A. H osp ita l.

All o f  the in s t a l la t i o n s  are in  Oklahoma C ity, Oklahoma.

This eva luation  i s  an attempt to d e f in e  the s i m i l a r i t i e s  and the 

d if fere n c es  that are the r e s u l t  of design compromises, and in cer ta in  

in s ta n ces ,  d if fe r e n c e s  in operational techniques.

Although cer ta in  conclusions may be drawn from the r e s u l t s ,  the 

report i s  not intended to be used as a guide for the s e le c t io n  of a 

"best" scanner. The continued demand by the medical p ro fess ion  for 

highly  s p e c ia l iz e d  d ia g n o st ic  techniques probably preclude the ex is ten ce  

of a s in g le  "best instrument.



CHAPTER I I

BASIC THEORETICAL PRINCIPLES 

All r e c t i l in e a r  scanners have cer ta in  features  which are s im ila r .  

B a s ic a l ly ,  a scanning head containing the c r y s t a l ,  ph otom ultip lier ,  

co ll im a to r  and pream plifier  i s  mechanically driven in a 2 dimensional 

plane over an organ which contains r a d io a c t iv i ty .  The pulses from the 

d etected  gamma ray photons are am plified , e l e c t r o n ic a l ly  separated by a 

pulse  height analyzer, and applied to a read-out dev ice  which i s  e i th e r  

m echanically or e l e c t r i c a l l y  coupled to the scanning head. The time- 

space concentration o f  pu lses  recorded by the read-out system rep resen ts ,  

in p r in c ip a l ,  the r a d io a c t iv i ty  w ith in  the organ being scanned. Thus, 

r e c t i l i n e a r  scanning i s  a 2 dimensional representation  o f  a 3 dimensional 

d is tr ib u t io n  o f  r a d io a c t iv i ty .

Since the gamma ray photons from a rad ioactive  source are assumed 

to be i s o t r o p ic a l ly  d is tr ib u te d ,  the f i r s t  and probably most important 

part of the scanner i s  the co l l im a to r .  Harris^ has summarized the 

n e c e s s i ty  for m ultip le  channel or focusing c o l l im a to r s .  These c o l l i 

mators allow a greater number of photons to be d etected  per u n it  time 

w hile  a t  the same time preserving the s p a t ia l  d i s t in c t io n ,  or r e s o lu t io n ,  

a sso c ia ted  w ith  the d is tr ib u t io n  o f  r a d io a c t iv i ty .

To i l l u s t r a t e  a few basic  considerations  and to emphasize the fa c t  

that compromises are e s s e n t ia l ,  a b r ie f  d er iva tion  o f  cer ta in  geom etrical

3



r e la t io n s h ip s  i s  g iven. Figure 1 i l l u s t r a t e s  the b a s ic  d escr ip t io n  of a 

focusing  co l l im a to r  with 1 channel or 1 ho le .

Crystal

— R

Figure 1: Collimator Geometry for One Channel
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The geom etrical r e la t io n s  are e a s i l y  derived by s im ila r  tr ia n g le s  

and by using  a fac tor  f which represents  the fra c t io n  o f  the c r y s ta l  

which i s  exposed to the r a d io a c t iv i ty  located  near the focal point F 

from the co l l im ator  su rface . The extension  to n holes or n channels i s  

obvious and w i l l  be described la te r .

The e s s e n t ia l  fea tu res  are the s e n s i t i v i t y  to a point source, the 

s e n s i t i v i t y  to a volume source whose dimensions are larger than twice  

the reso lu t io n  d is ta n ce  R, and the re so lu t io n  d istan ce  R.

Thus, the manufacturer has immediately at le a s t  4 var iab les  to 

choose: D--diameter o f  c r y s ta l ,  F - - fo c a l  d is ta n c e ,  T --co ll im a to r  th ick 

n ess ,  d^--diameter of co llim ator  hole at crysta l ( e x i t  P u p il ) .  The r e la 

t ion sh ip  between (number o f  chan nels) ,  d^, f ,  and D e lim in ate  n as a 

variab le  i f  d^, f ,  and D are chosen.

E ffec t  o f  Crystal Diameter on Solid  Angle

Since most o f  the co llim ators  have the same hole diameter at the 

c r y s ta l  edge as at the c r y s ta l  cen ter , the e f f e c t i v e  so l id  angle is  

reduced from to a smaller value which depends on the c r y s ta l  s iz e

and the d is tan ce  F + T.

Figure 2 i l l u s t r a t e s  th is  geometry where i t  i s  assumed that the 

holes  are d is tr ib u te d  uniformly (approximately) over the co l lim ator  

su r fa c e .
211 N X dx 

Since  n . =   °?
T[ X

0

.  f ...   ^
 ̂ (F + T) + X °  (F + T)



Figure 2: E ffect  o f  Crystal Diameter on Solid  Angle

where = to ta l  number o f  ho les

Xq = co llim ator  radius (center to outer hole)

= number o f  ho les  between x and x + dx

t o t a l  =
d  ̂ N  e o

(F + T)^ +

l og (1 +
(F + T)'



d ^ N
t o t a l  = —  ^------  —2—  (1 _  ^  + --------)

X^  ̂ (F+T) (F+T)"̂

t o t a l  = - ^  N -----^  (I _ 1 /2   2------   + -------- ) (1)
(F+T) (F + T)^

^  1 7 ^  "err

where = E ffec t ive  number of h o le s .

Thus, one cannot compare o v era l l  e f f i c i e n c i e s  o f  various co llim ators  

without taking in to  account the decrease in e f f ic ie n c y  of the outer holes,  

For small c r y s t a l s ,  of course, the second term in equation (1) i s  n e g l i 

g ib le  and the to ta l  s o l id  angle i s  times the so l id  angle o f  a s in g le  

channel.

Response to Lateral Displacement o f  a Point Source 

To a f i r s t  approximation the la t e r a l  response to a point source 

located at the foca l plane may be derived by considering that the area 

at the e x i t  pupil (d^), which i s  subtended by a point at the foca l plane,  

can be computed from the in te r s e c t io n  o f  2 c i r c l e s .  The f i r s t  of these  

c i r c l e s  i s  the e x i t  pupil proper, and the second c i r c l e  i s  the one formed 

by the shadow of the entrance pupil (dU) as the point moves l a t e r a l ly  

away from the fo ca l  po in t.  For large T/dg the r e su lt in g  e l l i p t i c a l  sur

faces  may be approximated by two in te r s e c t in g  c i r c le s  o f  diameter d^. 

Figure 3 i l l u s t r a t e s  the geometry o f  th e ir  approximation. The shaded 

area (a^) divided by the c i r c l e  area (A) g ives  the approximate response  

to the la t e r a l  displacement of a point source.



-R,

Figure 3î The In te r se c t io n  of the Exit Pupil 
and Entrance Pupil Shadow

From simple geometry th is  r a t io  i s

1 -
2 9
-R

2%  '  

R  R

or

R R
(3)

Since R̂  i s  proportional to  the r e so lu t io n  radius R (Figure 1 ) ,  

equation (3) can be used to  r e la te  the response a t  the fo c a l  plane by 

using x/R a s  the v a r ia b le .

Thus the count rate from a u n it  po in t source loca ted  a t  the fo c a l  

point i s

U d
S = 

P
N

4 (F+T) 2 e f f



or in terms o f  R, the re so lu t io n  rad iu s ,  becomes

S = N . (4)
P U F (F+T)

The response to a plane source which contains one u n it  o f  a c t i v i t y  

per unit area can be obtained by in te g r a t in g  the product o f  equation (3) 

and equation (4) over the variab le  x from 0 to R,

H R̂  T̂  N
dS = -------  2 11. X dx (1 -  s i n ' l  % -  ^

or

 ̂ 4 F̂  (F+T)^ ^  R IL R

o h o  
R T N

S =  z---------- /  (1 -  sin"^ X -  njY X y  1 -  x'“ ) X dx.
a -  pZ IL % V

It  can be shown that the in teg ra l part equates to 0 .125 , thus

k  2 
ka * T H

S zr -----±- Where k = 0.0625 U , (5)
a p2 (F+T)2 a

Thus the response to a thin volume d is tr ib u t io n  i s  proportional to
4  ̂ 2

the r e so lu t io n  radius to the 4th power (R ) .  The R response to a point  

source and the R̂  response to a plane source (plane radius greater  than 

R) are freq u en tly  used in the design  o f  c o l l im a to rs .

An in t e r e s t in g  r e s u l t  i s  obtained by assuming a spherical source 

of  un it  volume concentration whose radius co inc id es  with the re so lu t io n  

radius R. Using the la t e r a l  d is t r ib u t io n  function

T 2 . -1 X 2 X
 ̂ R -  T"R

the point d i s t r ib u t io n  function

« . . . .

. 2  
(1 -  2 , )

R

4 F*̂  (F+T)'
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and noting that th ickness o f  the spherica l source a t  x i s  R̂ ' -  x^,

then

n  R T N

4  F  ( F 4 T )

or
2 4 ?

-% N
g — G1 i
^ (F+T)^

-1

(  1 -  s in ’*’* X -  X ) (  l|l-x^') X d]

'0

The in te g r a l  can be evaluated and equals 0.107

5 2k  R> N
S = ----- %---------- where k , -  0.107 H". (6)
V pZ (F+T)Z V

Equation (6) in d ica te s  that the s e n s i t i v i t y  depends on rather than on 

R^. If i t  i s  l o g i c a l  to assume th at  the d e fe c ts  to be found by scanning  

are more l i k e l y  to be spherica l than planar, then equation (6) would be 

more ap p licab le  in design than equation (5 ) .

E ffec t  o f  V ert ica l  Displacement on S e n s i t i v i t y  

Figure  ̂ i l l u s t r a t e s  the geometry assumed in the d er iva tion  of the 

response from a v e r t i c a l  displacement o f  a plane source (radius =R') 

located  z d is tan ce  from the fo c a l  p lane, (d + 2R') i s  e s s e n t i a l l y  the 

diameter over which the channels are uniformly d is tr ib u te d .

An approximation to the v e r t i c a l  response may be made by computing 

the r a t io  o f  the re so lu t io n  area ( H R'^) to  the t o t a l  area H (d /2  + R')^ 

a t  z .
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F+T

d + 2 R

Figure 4: Geometry for  V e r t ic a l  Displacement o f  Source

This r a t io  i s :

R’

( - &  + «■) 

 1___________

\2 R ’ fF+T') J

for z greater than 0,

z D'
2R’ (F+T) ' V 2R(F+T7

Where R = re so lu t io n  radius a t  the fo c a l  plane

D'= diameter of co llim ator  a t  cry s ta l  surface over 
which holes are spread

F = fo c a l  length

T = co llim ator  th ickness

The term D'^/4R^(F+T)^ i s  resp on sib le  for  the rapid decrease  in

s e n s i t i v i t y  and fo r  comparative purposes i s  hereby ca l led  " F a ll  Off
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C oeffic ient"  (FOC).

From the terms involved the FOC i s  e n t i r e ly  based on geometry and 

co llim ator  d es ign . For large z ,  the function  R '(z )  approaches a constant
9

times z which would negate the z." v a r ia t io n ,  however a t  th i s  value o f  z 

the term a/A has reached an in s ig n i f i c a n t  v a lu e .  Small Fall Off C o e ff i

c ie n ts  are d es ira b le  for  large volume scanning, however i t  i s  obvious 

that small FOCs are not compatible with large s e n s i t i v i t i e s .  Therefore 

another compromise i s  necessary  in co l lim ator  d es ig n .

Scanning Speed. D e t e c t a b i l i t y ,  and Resolution  

Equations (4 ) ,  (5 ) ,  and (6) can be used to determine the counting  

rate when the scanner i s  sta tionary  and over one o f  the source d i s t r i 

butions p rev iously  described (p o in t ,  p lane, volume). In actu a l use the 

scanner i s  in motion and records, w ithin  s t a t i s t i c a l  l im ita t io n s ,  the 

planar d is tr ib u t io n  o f  r a d io a c t iv i ty .

With the exception  of the point source d is t r ib u t io n ,  the change in  

counting rate as the scanner moves across  the d e fe c t  i s  somewhat cunjber- 

some to handle m athem atically . For t h is  reason, two approximations w i l l  

be used to derive the interparameter r e la t io n s h ip s .

S tra ight Line Approximation

For t h is  case the counting rate i s  assumed to  be C when the scanner

i s  d isp laced  R u n its  from the peak counting rate (C^+C^), and approaches

C +C as a l in e a r  function  of tim e. Thus, C, = C + ktC -C = kC t .  m o  ' t o  m o  m

Figure 5 i l l u s t r a t e s  the type o f  fun ction  assigned. R i s  the r e so 

lu t io n  radius as p rev iously  d escr ib ed .

I f  the scanner were s ta t ion ary  over for  ?" minutes and then
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co R

Figure 5 ‘ The Linear Approximation

moved to  fo r  T  minutes, the r e s u l t in g  count d i f f e r e n t i a l  would be

2 c r  + c r
ft i  )

or

1 2 c r
C T  (1 -r \ ----------   T-) fo r  C much l e s s  than C .

m ' -  Ç, 2  , y  2  m o

As in  any counting problem the c e r ta in ty  o f  i s  e n t ir e ly  determined

by

2 C n f  ? ,
------------  _ ( f r a c t io n a l  d e v ia t io n )  = ( fd )  .

2
Therefore the parameters which minimize (fd )  are the ones being sought.

Since the scanner i s  in  motion in  the actu a l ca se ,  the preceeding
2

equation fo r  ( fd )  cannot be used. The so lu t io n  i s  s t r a ig h t  forward by 

l e t t i n g

5 = scanning speed

' X  = in te g r a t io n  or time constant o f  the recording e l e c t r o n ic s  

N = number o f  independent counting in te r v a ls  in  R
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R -  re so lu t io n  rad ius.

Then
e s t

r  -  m

/ 3
Counts i n  7 '  = t d t  where n - 1 ,2 ,  up to N,

, / ( n - l ) i r

or
e s  2

Counts / In terv a l = “^R" (2 n - l)  7" . This i s  a maximum when

n = N, therefore

e s
Count s / In terv a l = —^ ------ (2N-1)?' , and

2 C 4
(fd)^  = -----------  r -  , s ince N r  = r /S  or r  = R/NS, and

ST (2N-1)?"

(fd )2  = . (7)
C " (2N-1) 7̂

Equation (?) s ta t e s  that T  s h a l l  be large  and that N should exceed 3 . 

However, since N, T, and S are r e la te d ,  equation (?) can be stated  

without the X  dependence.

_ 8 C S
(fd )2  =  - 2    . (8)

C (2N-1) R
IT]

I f  C i s  determined for  a uniform volume d is tr ib u t io n ,  and C o m

determined for  a po int source d is t r ib u t io n ,  equations (?) and (8) can

be used to obtain r _
8 k K T R NT S c 

* * °
k  2  K 2  R^ ( 2 N _ 1 ) 2  R c  2  V 2  

P a  V t
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or ^
 ̂ 8 k T S c

( fd )  = — " r  2 (9)

where = 0.0625 U ^

kp = H /h = 0.25 H

rp2

 ̂ pZ (F+T)2 ' e f f

T = th ickness  of NON-tumor part 0 ^

c = volume concentration NON-tumor o

c  ̂ = d i f f e r e n t i a l  volume concentration o f  tumor 

= volume o f  tumor.

The dimensions o f  the tumor volume should be small compared to 

R since the point source d is tr ib u t io n  was used. Equation (9) does not 

include the e f f e c t  o f  absorption and s c a t t e r .  Although N^/(2N-l)^  

reaches a minimum a t  N = 1 .5 ,  i t  does not change s ig n i f i c a n t l y  u n t i l  N 

i s  greater  than 3* Thus, even fo r  point sources, the b e s t  d e t e c t a b i l i t y  

i s  a sso c ia ted  with large R. On the other hand, i f  the shape o f  the d e fec t  

i s  required , then R w i l l  have to be made as small as necessary  since the 

s p a t ia l  re so lv in g  a b i l i t y  cannot be l e s s  than R. One point o f  in t e r e s t  

i s  that 7  ̂ i s  completely determined i f  S and N are f ix e d —T  = R/NS.

For d e fe c t s  or tumors whose dimensions are of the order o f  R, or 

la r g e r ,  the scanner w i l l  begin d e te c t in g  counts from the d e fe c t  a t  a 

displacement o f  2R rather than R as assumed in  equations (?) and ( 8 ) .

The preceeding d er iva tion s  may be modified to  include t h i s  e f f e c t

by changing the parameters—N to 2N and R to  2R, where T  i s  s t i l l  the

in teg ra t io n  time and N i s  the number o f  independent samples in  R, or 2N

i s  the number o f  independent samples in  2R.



16

Equation (7) then becomes

( „ ) 2 =  A k  (10)
C  ̂ (UN-1) ?"m

and equation (8) becomes

(fd)2 = .5 (11)
C R (UN-1)m

The minimum i s  a t  N = .75 instead of 1 .5  as before . Using the uniform

surface response for and where the d efect i s  of radius R, equation

(8) becomes „
_ 32 T" aM 5

(fd)2 .  -------------------------  j r  (12)
K  "a ’’v ®

where T = non-tumor thickness  o

c = non-tumor concentration  o

c^ = d i f f e r e n t ia l  tumor concentration  

= tumor thickness  

R = resolution  radius and tumor radius .

Using a spherical tumor of radius R, equation (8) becomes

,  32 k T N̂  S c
(fd) = — 2-------------------------^  . (13)

k^^ Kg a /  (UN-l)^

For d efects  which are large compared to the resolution radius R,

there i s  a region of e s s e n t ia l ly  constant count rate over the d e fe c t .
2

The lin ear  approximation i s  of no value in minimizing (fd) and one may 

as w ell use the expression

« 2 C T  2 C

m m
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■using the uniform surface response fu nctions  for C and C . A fter
0  m

s u b s t i tu t in g ,  equation ( l4 )  becomes

2 T c 

k. K. c°2 T 2

g 2 T c
( f d ) 2 =   o jD .. (1 5 )

a a V

( « 7 =  / ' " X ,  ,  ^  (1 6 )
k K c T R Ta a V V

where R,p i s  the tumor radius

and i s  the number o f  independent counting in te r v a ls  in R .̂

I f  the lo c a t io n  o f  the tumor edge i s  to  be determined w ith in  + R, then 

T  w i l l  have to  be R/S or perhaps R/2S, in  which case equation ( l6 )  

be come s
o 4 T S

(fd )2  = ---------------------------—  (17)
k K c Ta a V V

where R i s  much l e s s  than R^,

Summary o f  Linear Approximation.

1 ,  Small d e fe c t s  in large pool o f  r a d io a c t iv i ty :

3
(fd )^  = proportional to   ̂ ^

^ (2N-1)Z

2, C y lin d r ica l  d e fe c t s  (R^ = R) in large pool o f  r a d io a c t iv i ty :

3
(fd )^  = proportional to  —| --------     .

R  ̂ (4N-1)

3. Spherica l d e fe c t s  R̂  = R in large  pool o f  r a d io a c t iv i ty :

? c i\i3
( fd )  = proportional to

r’̂  (4N-1)2



18

Quadratic Approximation

For d e fec ts  of the same order of size as the resolution radius,

the lin ear  approximation shape a t  the maximum counting rate C i sm
probably inadequate.

A quadratic approximation in which the change in counting rate may
2

be represented by = k^t - k^t i s  i l lu s tra ted  in Figure 6.

Figure 6; The Quadratic Approximation 

Using the same variables as before, the following i s  obtained:

and counts in T  = C S t" t^
R

NT

( N - l ) r

= Cm I  (2 N - l )r ^  -  (3N  ̂ -  3N + 1)
3 R

After substitu tin g  S

counts in 7^ = C (3N  ̂ -  1)
^ 3 N



and (fd )

In terras o f  S

19 

4

C 2 ?" (3N2 _ 1)2
ra

_ 18 C «5 g
(fd)^ =------------^  r =----- . (18)

R (3N^ -  1)^

This reaches a minimum a t  N = 1 . ]  although the value i s  almost id e n t ic a l  

a t  N = 1 , 2, or 3.

As in the l in e a r  case , the v a r ia b le s  N and R are changed to include  

the f a c t  that the scanner i s  able to  d e te c t  d e f e c t  counts a t  d i s p la c e 

ments 2R. As b efore ,  N i s  changed to 2N and R i s  changed to  2R, and 

equation (18) becomes

,  288 C S #5
(fd) = -----=----- 9 - _ -------------- _ (19 )

C  ̂ R (12N -  1)

Using the various s u b s t itu t io n s  for  C and C ue have for theo m
quadratic approximations:

1. C ylin drica l defects  (r^ = R) in a large rad ioactive  pool:

(fd)^ = proportional tc 9 9 c *(12N̂  - 1) RJ
2. Spherical d e fe c ts  (R̂  = R) in a large rad ioactive  pool:

(fd)^ = proportional to  —-----^ .
(12N - 1) Rf

Where S i s  scanning speed, N i s  the number of independent samples in R, 

and R i s  the reso lu t io n  rad ius . I t  i s  apparent that the l in e a r  and 

quadratic approximations are id e n t ic a l  in S and R terms.
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Dot Factors and Mechanical Printers  

Most o f  the commercial scanners have a mechanical s ty lu s  which 

p r in ts  a dot or hash mark for  each impulse r e c - iv e d .  This marker moves 

with the scanning head so that there i s  a one to one s p a t ia l  r e la t io n 

ship between the scanning head and marker. Due to the l im ited  rate a t  

which the marker can p r in t ,  there i s  a sc a l in g  c i r c u i t  between the d e tec 

tor and marker which d iv id es  the number o f  incoming pu lses  by some fac tor  

before they actuate  the marker. This fa c to r  i s  ca lled  the dot fa c to r .

Since the marker i s  not actuated  u n t i l  K (dot fa c to r )  pu lses  are 

rece ived , the dot fa c to r ,  in a sen se ,  determines the in teg ra t io n  tim e.  

Unlike the f ix ed  in teg ra t io n  time y  in  the proceeding l in e a r  approxi

mation d e r iv a t io n s ,  the dot fa c to r  produces a variab le  time constant  

which i s  in v e r se ly  proportional to  the t o t a l  counting r a t e .  Since the 

p rin ter  p r in ts  one mark for every K counts

T  ( t )  = K

Average counts/minute over the in te r v a l  

Using the l in e a r  approximation and d iv id in g  the in te r v a l  R/S in to  N 

unequal segments, i t  can be shown th at

= 2NK

or

=n p j. p 2 n - l  where n i s  the nth in t e r v a l .
^0 ZN

During th is  time T ^  the d e tector  w i l l  have detected  K counts, some o f  

which are due to the d e fe c t ,  and some due to  the rad ioactive  pool sur

rounding the d e f e c t .  When C^/C  ̂ Is Very small ' Y ^  can. be expanded in to  

a l in e a r  equation:
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r
 ̂ 1 + (2 n - l )

o

C

2N

Since there are K counts in t h i s  in te r v a l  K -  C 7^ = counts dueo n

to d e fe c t  or

counts due to d e fe c t  =  ̂ 2n -l
Co ZK '

and

(fd )2  =

(fd)^  =

2 C To n

 ̂ m̂ (2 n - l ) 2

[C o 2N

K Cm (2 n - l) '

( fd )2  =
2 C 4N
K ( 2 a - l ) 2

This reaches a minimum a t  n = N so

2
9 2 C,( fd )2  = -------0.

K C 'm

4 N

(2N-1)'

This i s  id e n t ic a l  in form to the l in e a r  approximation for  f ix ed  Y  and 

leads  to the same r e s u l t  i f  N T  -  R / S  and NK/C = R/S.

For K = R C /NSo 2 S
(fd)"  = - ÿ —

C " R m

4N3

(2N -1) '
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which i s  i d e n t i c a l  to equation (8) for point source l i n e a r  approximation.  

The extenxion to range 2R i s  carried out as before producing

2  3 2  C S  N ?(fd) = -----      r for d e fe c t s  of  radius  R.
C R (4N-1)^ m

The main d i f f ere n c e  between dot fac tor  in tegra t ion  and sequentia l

time in te g r a t io n  i s  the increase o f  T  when C + C ( t )  decreases  for  an o m

fixed K. This in creases  the time constant and may produce an impulse 

to the p r in ter  a t  a delayed time fa r  removed from the s i t e  which pro

duced the counts.  This e f f e c t  i s  ca l led  "Scalloping".

Most o f  the commercial scanners use the dot fa c to r  type of  i n t e 

gration although i t  i s  not as f l e x i b l e  as an independently adjustable  

in tegra t ion  time constant would be.

Photo Recorder

In addit ion  to the mechanical or "dot" pr in ter ,  there i s  u su a l ly  

a photographic system coupled to the scanning unit  which converts pulses  

from the d e te c to r  to l i g h t  quanta and records these on photographic  

emulsion.  While the s t a t i s t i c s  are the same, the photo recorder has a 

much f a s t e r  re so lv in g  t ime,  therefore i t  does not require a dot  fa c to r  

d ev ic e .  The photo recorder a l s o  has a cer ta in  amount o f  con tras t ,  or 

non l i n e a r  a m p l i f i c a t io n ,  due to the f i lm emulsion c h a r a c t e r i s t i c s .  I f  

ad d i t ion a l  non l i n e a r  a m p l i f i ca t io n  i s  d es ired ,  var ious  e l e c t r o n i c  c i r 

cu i t s  are av a i la b le  which increase  e i th e r  or both the l i g h t  i n t e n s i t y  

and the l i g h t  pulse duration,  thus causing a more s i g n i f i c a n t  impression  

on the f i l m .  The inherent danger in these high contrast  techniques i s  

that  expected normal s t a t i s t i c a l  v a r i a t i o n s  may produce f a l s e  d e fe c t s
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on the photo scan.

Since both photo and dot scans are produced from the same s t a t i s 

t i c a l  information, one should not be more accurate than the ott ier.  The

d i f fere n c es  in in t e r p r e ta t io n ,  however, eventua l ly  involve the human eye 

wherein ind iv idua l  preferences determine which scan i s  the more u s e fu l .

The E f fec t  o f  Scatter ing  on D e t e c t a b i l i t y  

In the proceeding sect ions  i t  was assumed that the photons or 

gamma rays retained th e ir  i n i t i a l  i s o t r o p i c  d i s t r i b u t i o n .  Due to the 

various sc a t t e r in g  and absorption p rocesses ,  the i n i t i a l  d i s t r i b u t i o n  of  

emitted photons w i l l  change, both in s p a t i a l  d i s t r ib u t io n  and in energy  

d i s t r ib u t io n .  Therefore,  the de tec tor  w i l l  record an energy spectrum 

which w i l l  be d i f f e r e n t  from the source spectrum even though the medium 

surrounding the source contains the same rad io iso tope .

I t  i s  convenient to assume a d i s t r i b u t i o n  having a s in g le  photo

peak and a s in g le  channel pulse he ight  analyzer with an adjustable  window.

Sg dE i s  the number o f  counts from the source proper and

•Emax

Emax

Ng dE i s  the number of  counts from non-source o r ig in ,  then

'Emax
? A  2 Ng dE 

(fd)^ =  S------------2 --------  ( for N g »  s p  (20)

i s  a function of  E, where

Ng = number of  photons per u n i t  energy in te r v a l  
of  non-source or ig in

Sg = number of  photons per u n i t  energy in te r v a l  
from source or ig in
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E = spectrum end point ,  max

max
2

Emax

Equation (20) can be d i f f e r e n t i a t e d  with respect  to E and the 

r e s u l t  equated to 0 to obtain

Np
—  = —   . (21 )

E

Obviously i f  Ng has the same sp ec tra l  shape as Sg, no minimum 
2

e x i s t s  and ( fd) would have the sm al le s t  value a t  E=0. I f  on the other

hand Ng d i f f e r s  from Sg (the usual c a s e ) ,  there may e x i s t  an E such that
2

equation (21) i s  s a t i s f i e d .  At t h i s  E the ( fd)  i s  a minimum even

though some (or most) o f  the spectrum i s  discarded.

The in t e g r a l s  in equation (21) cannot be evaluated in closed form

because no s in g le  mathematical express ion  e x i s t s  for  Ng and Sg. Both

are funct ions  of  d e fe c t  s i z e ,  shape, and depth,  as w e l l  as the shape and

volume of  the non d e fe c t  radio isotope d i s t r i b u t i o n .

Some approximations can be made however, for condit ions  such that

N„ and S„ have id e n t i c a l  shapes between E and E , where E i s  smaller  Hi H» IT13X 1 1

than the photopeak E , Over t h i s  range N„=KS_ and the r a t io  of  the i n t e -P Hi Hj

gra ls  in equation (21) has the value K., I f  Ng a t  E=Ê  d e v ia te s  from Sg

in  a short i n t e r v a l  of  E, then

(fd)^ = minimum a t  E such that  Ng = 2KSg . (22)

Even the approximation of  equation (22) cannot be used unless  Ng 

and Sg are known spectra .  They cannot be determined from the c l i n i c a l  

scanning procedure since the d e tec tor  records both simultaneously .  A 

common procedure i s  to determine Sg from a source in a i r ,  and Ng from a
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p l a s t i c  or water phantom f i l l e d  with a radioact ive  s o l u t io n s .  Neither  

of  these i s  i d e a l .

When the spectrum o f  Ng d i f f e r s  in  shape from that  o f  Sg a t  E 

values  greater  than the photopeak energy E^, equation (21) i s  s t i l l  

va l id  but must be solved grap h ica l ly .
2

Equation (21) r e s u l t s  in the minimum (fd) for  determining the 

ex is tence  o f  a d e f e c t .  Under cer ta in  condit ions  i t  i s  d es ira b le  to max

imize the d i f f e r e n c e  between count rate  a t  the d e fe c t  center  and the 

count rate a t  the d e f e c t  edge.  This could a l s o  be ca l led  maximizing the 

shape f a c t o r .  I f  Sg = 0 a t  the d e f e c t  edge,  equation (21) a p p l ie s  d i 

r e c t l y .  However, i f  due to sc a t t e r  or other reasons,  part o f  Sg i s  s t i l l

detected ,  equation (21) can be modified to  y i e ld  the minimum ( fd )  for

the shape f a c t o r .  Since Ng does not change, equation (21) becomes

ÔE " X̂E / ’̂max
(^OE ■ ^XÊ  dE

where S^g = spectrum of source a t  d e f e c t  center

S^g = spectrum of  source where scanner i s  d isp laced  
X centimeters  from d e fe c t  center .

X i s  arb itrary  and w i l l  depend on how much sharpness i s  d e s ir e d ,  recog-
2

n iz in g  that  as X approaches 0  ( f d )  approaches i n f i n i t y .



CHAPTER III

EXPERIMENTAL PROCEDURE

A very important factor  in deciding the experimental procedures was 

the fac t  that a l l  of  the scanners involved were in c l i n i c a l  use and would 

not be a v a i la b le  for the usual laboratory type s t u d i e s .  Thus, the exper

imental apparatus would of  n e c e s s i ty  have to be dismantled each night so 

that the routine c l i n i c a l  s tu d ie s  could proceed the fo l lowing day. There

fo re ,  the experimental apparatus would have to be portable and reasonably  

simple to transport.

Another factor  was the d e s i r a b i l i t y  to use a range of  gamma energies  

which spanned the energies  rou t in e ly  used in c l i n i c a l  scanning. For th is  

reason, 4 rad io i sotopes  were s e lec ted :

1. Hg-197, E = 77 KV

2. Co-57, E = 122 KV

3. Hg-203, E = 279 KV + ------

4.  1-131, E = 364 KV + -------  .

Au-198 would a lso  have been s e lec ted  except for i t s  short h a l f  l i f e .  

I t  i s  reasonable to assume that the d i f f ere n c e  between Au-198 and 1-131 

could be obtained by extrapolat ion  and inference from the 1-131 data.

The h a l f  l i f e  of  Hg-197 i s  not very s a t i s f a c t o r y  for  an extended exper

imental procedure, however i t  was considered d es irab le  to include at  

l e a s t  one energy in th i s  range.

26
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The ava i lab le  s p e c i f i c  a c t i v i t i e s  o f  the s e lec ted  i so topes  precluded 

the use o f  point sources .  Therefore,  volume sources were used.

Although any number of  source volumes could be used s a t i s f a c t o r i l y ,  

a cy l in d r ic a l  volume 12 mm in height and 12 mm in diameter was used for 

a l l  sources .  With the exception o f  Co-57, the source radio isotopes  are 

rout ine ly  a v a i la b le  at most scanner i n s t a l l a t i o n s .  The Co-57 source 

(5 uc) was donated by Abbott Laboratories.

A source holder co n s is t in g  o f  several  sheets  of  p l e x i g la s s  was con

structed so that tlie t e s t  source could be e f f e c t i v e l y  moved in a l l  three  

dimensions.  P l a s t i c  was used instead  o f  water because of  e a s ie r  d i s 

mantling and p o r t a b i l i t y .  The s l i g h t  increase  in dens i ty  and the s l i g h t l y  

fewer e lec tron s  per gram were not considered objec t ion ab le .  The overa l l  

dimensions o f  the source holder (phantom) were 6 .5  inches by 6 .5  inches  

by 6.5 inches .  The p le x ig la s s  sheet  thickness varied from 1/16 inch to 

1 inch; the 1 inch sheet  being divided in to  th ird s .  The source was im

bedded in the centra l  third of  the 1 inch sheet to allow movement of  the 

source p a r a l l e l  to the sheet plane.  V ert ica l  movement was achieved by 

transferr ing  sheets  from top to bottom, thus changing the source-edge  

d is tan ce .  Lateral motion perpendicular to the motion of  the divided  

sheet was accomplished by moving the scanning head.

The detected  gamma photons were recorded by a 100 channel Technical  

Measurements Corporation Analyzer. The analyzer with i t s  high impedance 

ampli f ier  was e l e c t r i c a l l y  wired to the phototube(s)  pream pli f ier .  There 

was no appreciable e f f e c t  o f  the TMC analyzer on the scanner e l e c t r o n i c s .  

The photopeaks were found at the same scanner analyzer s e t t i n g s  with  or 

without the TMC analyzer connected.  After a su i tab le  warm-up time
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(approximately 30 minutes) ,  the 100 channel analyzer gain was adjusted  

so that channel 100 corresponded to 500 KV.

The quantity  o f  r a d i o a c t i v i t y ,  with the exception of  Co-57, was 

adjusted to produce approximately 10,000 counts per channel per minute 

at the photopeak with the most e f f i c i e n t  co l l im ator  a v a i la b le .

Spectra were determined at each 2 m i l l im eters  of  source displacement  

using the l i v e  time s e l e c t o r  of  the 100 channel analyzer to compensate 

for coincidence  lo s s e s .

The l i v e  time s e l e c t o r  was i n i t a l l y  s e t  to produce a to ta l  of  

10,000 to 100,000 counts per channel.  As the count rate reduced, due to 

the source displacement,  the counting time was increased to produce data 

which would have a very small s t a t i s t i c a l  spread.

The data from the d i s t r ib u t io n  measurements was p lo t ted  on a 3 cyc le  

semilog paper to al low the large r a t io s  of  counting rates  to be presented  

on the same graph. The data from each channel was p lo t ted  against  m i l l i 

meters displacement to in d ica te  the very s t r ik in g  changes in spectra l  

d is t r ib u t io n  which take p lace .

The physical  parameters of  each co l l imator  were measured with a 

vernier  micrometer which has an error of  + .001 inch although t h i s  pre

c i s i o n  was not necessary s in ce  the parameters themselves had var ia t ion s  

in excess  o f  .01 inch.

To simulate the background or non-tumor a c t i v i t y  u sua l ly  found in 

p r a c t i c a l  scanning ap p l ica t ion s  a p l a s t i c  "Purex" b o t t l e  approximately  

6.5  inches in diameter was f i l l e d  to a depth o f  6 .5  inches with a s o lu 

t ion  of  water and the rad io i so tope  being used.  Spectra were obtained  

for each isotope  used (except  Co-57),  and the r e s u l t s  p lo t ted  on semilog
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paper. The normalizat ions  of  such p lo t s  were carr ied out in a s tra igh t  

forward manner.



CHAPTER IV

ANALYSIS OF RESULTS 

As mentioned in the preceeding sec t io n  on theory,  there are several  

parameters involved which are f ixed by the manufacturer. Focal length,  

col l imator th ickn ess ,  hole diameters, number of  co l l imator  h o le s ,  e l e c 

tronic  a c c e ss o r i e s ,  e t c ,  are examples of  these.  With the exception of  

a f ixed  window (14 percent)  in the pulse height analyzer of the Nuclear-  

Chicago Pho Dot scanner,  the e l e c t r o n ic s  of  a l l  4 scanners are very 

s im i lar .  Therefore,  no e l ec tro n ic  comparisons were made.

The c o l l im a to rs ,  on the other hand, do d i f f e r  in design and to 

i l l u s t r a t e  th e ir  d i f f ere n c es  each of  the parameters which are involved  

in the theory were determined by phys ical  measurement, or from the 

manufacturers l i t e r a t u r e .  Table 1 shows these values where F, T, D, D',

N and de are measured dimensions and f ,  R, K ,̂ and FOC are computed

values ,  using the r e la t io n s h ip s  developed in the preceeding chapter.  I t  

i s  apparent that the manufacturers were des igning for a s im ilar  r e s o lu 

t ion  radius (R), p a r t i c u la r ly  for the large hole co l l im ators .

I f  one were in tere s te d  in f inding d e fe c t s  only at the foca l  plane,  

the scanner with the la r g e s t  K̂ R" (where n depends on the type of  response  

fu n c t io n - -p o in t ,  c y l i n d r i c a l ,  or sp her ica l )  would be s e l e c t e d .  For 

reasons already ou t l in e d ,  a large i s  a l s o  assoc iated  with a large Fa l l  

Off C o e f f i c i e n t  (FOC) which reduces the scanner s e n s i t i v i t y  at points

30



TABLE I

COMPARISON OF COLLIMATOR PARAMETERS

SCANNER D D'

inches  inches

Picker 3"
19 Hole 3 2 .5
31 Hole 3 2 .5

Nuclear-Chicago  
Pho Dot

19 Hole 3 2 .95
37 Hole 3 2.86
61 Hole 3 3

Ohio Nuclear  
199 Hole 
253 Hole

8 7.125
8 7.125

Picker  5"
5 BF 85 Hole 5 4 .875

5 FF 265 Hole 5 4 .875
3 BF 31 Hole 5 4 .875

3 FF 163 Hole 5 4 .875

e

inches

.475

.3

.495

.308

.242*

.365

.338

.325*

.175*

.593*

.242*

F

inches

2 . 68
2.48
2.28

3.5
3.5

5
5
3
3

T

inches

3
4

R N

3
3.05
3.1

2.61
3.275

3.35
3.35
3.35
3.35

1 . 2 1
.57

1 . 1 2
.64
.46

1.25
.92

1.24
.665

1.35
.55

e f f

18.7
30.5

18.4  
36
58.5

165
218

81
254

28.7
151

f FOC %a

in -2 in-2

.68 .193 .52

.44 .63 1.1

.54 .35 .71

.43 1.04 1.72

.40 2.38 3.69

.52 1.4 2.47

.57 2.1 4 .16

.38 .36 .52

.34 1.12 1.70

.47 .72 .89

.40 3.16 4 .68

= 1 .05  w for hexagonal h o les  
where w = i n t e r f a c e  width



TABLE I I

COMPARISON OF SCANNER S E N S IT IV IT IE S

SCANNER

Picker 3" 
19 Hole 
31 Hole

R

Inches

.475

.225

K̂ R

Point
Response

.118

.056

Surface
Response

.0265

.00286

Spherical
Response

.0126

.00063

FOC

- 2Inches

.193

.63

Nuclear-Chicago  
Pho Do t  

19 Hole 
37 Hole 
61 Hole

.438

.252

.181

.136
,110
. 121

.0262

.0069

.00395

.0115

.00176

.000715

.35
1.04
2.38

wS3

Ohio Nuclear  
199 Hole 
253 Hole

.49

.363
,59
,55

.142

.072
.0695
.0262

1.4
2 . 1

Picker 5"
5 BF 85 Hole 

5 FF 265 Hole 
3 BF 31 Hole 

3 FF 163 Hole

.486

.262

.532

.216

,123
,117
,252
,22

.029

.008

.071

. 0102

.014

.0021

.038

. 0 0 2 2

.36
1 . 1 2

.72
3.16
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not on the f o c a l  p lane.

The fr a c t io n  of  the cr y s ta l  which i s  exposed i s  given by the factor  

f .  S e n s i t i v i t y  in creases  d i r e c t l y  with f ,  however so does leakage or 

septa p enetra t ion .  No s i g n i f i c a n t  leakage was observed for energies  up 

to 280 KeV, There was de tectab le  septa penetrat ion  a t  KeV, however 

the e f f e c t  was small and probably does not reduce the u t i l i t y  of  the 

co l l imators  for  en erg ies  inc luding ^64 KeV.

The experimental determination o f  R was ca lcu la ted  from the shape 

of the measured d i s t r i b u t i o n  curves o f  counts per channel versus source 

displacement.  I t  was assumed that the t e s t  source (12 mm) would behave,

a t  some d i s t a n c e —l a t e r a l  to the f o c a l  po in t ,  l i k e  a point source and
2

that the gaussian approximation of Brownell would provide a su i tab le

technique for  the determination of  R. Brownell’ s approximation to a

point  source d i s t r i b u t i o n  i s  »2
- 2 . 7 8  a -

Y = Y e R
0

where R i s  the r e s o lu t io n  radius and X i s  the source displacement.

I t  can be shown that

R =   (23)
slope ( lo g  Y)

i f  the slope i s  determined a t  Y = 0.062 Y^. Since the counts per channel  

are p lot ted  on semilog paper, equation (2 3 ) i s  simple to use .

Figures ? and 8 represent  t y p ic a l  r e s u l t s  for  2 gamma ray e n e r g i e s .  

When one attempts to determine the r e s o lu t io n  radius by equation  

( 2 3 ) ,  a s e r i e s  o f  va lues  i s  obtained depending on which channels are used.

I f  the sp e c tr a l  change i s  e n t i r e l y  due to Compton s c a t t e r ,  the b es t  

estimate o f  R i s  the one determined a t  the channel having the s teep es t
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s lo p e .  When th is  i s  done the value of  R obtained i s  approximately 1.25 

times the th e o r e t i c a l  R for H'’-203 and 1-131, and approximately 1.6 times 

R for Hg-197.

Several other d i s t r ib u t io n s  are included in the Appendix. All of  

the curves however, ind icate  that the apparent re so lu t io n  radius increases  

■with decreasing energy. In f a c t ,  the shape of  the d i s t r ib u t io n  curve i s  

so c h a r a c t e r i s t i c  of  the energy that one can almost id e n t i f y  the isotope  

by the shape of  the curve.

No d i s t r ib u t io n  curves were obtained in a i r .  I t  would be expected 

that the apparent r e so lu t io n  would approach R and that the gaussian  

approximation would more nearly  f i t  the data.

Also included in the Appendix are spectra from the large volume con

ta in ers  (Purex b o t t l e s )  with e i th e r  1-131,  Hg-203, or Hg-197. (There was 

i n s u f f i c i e n t  Co-57 ava i lab le  to simulate the large volume s c a t t e r  for 

th i s  energy . )  The same sc a t t e r in g  c h a r a c t e r i s t i c s  are noted in these

spectra as in the source d i s t r ib u t io n  curves.  Therefore,  the window
2

s e l e c t i o n  for minimum (fd)  for the low energies (equation 21) w i l l  

n e c e s s i t a t e  the discarding o f  a large  fract ion  of  the t o t a l  photopeak 

reg ions .  For maximum defec t  shape, the window threshold may even be r e 

quired to be greater than the photopeak energy.

The F a l l  Off C o e f f ic i en t  (FOC) was determined at a v e r t i c a l  source 

displacement o f  2 inches .  The va lues  are in agreement with the th eoret 

i c a l  values in Table 1 for Hg-203 and 1-131 but are s l i g h t l y  greater for  

Hg-197 and Co-57. This d i f f e r e n c e  i s  not unexpected s in ce  the absorption  

c o e f f i c i e n t s  (u^) are greater for these lower energ ies .

No attempt was made to evaluate the co l l im ators  us ing  the optimum
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3
design c r i t e r i a  o f  Beck . To use Beck's data one must have some des ign  

purpose in mind. For the co l l im ators  t e s t e d ,  there i s  no information  

a va i lab le  concerning the manufacturer's  in tent  nor any information a v a i l 

able ind ica t in g  the reasons for the compromises made.

Whether or not the l in e a r  (or quadratic)  approximations and the 

r e s u l t i n g  optimal in teg ra t io n  times are v a l id  remain to be t e s t e d .  The 

theory developed in Chapter II  appears l o g i c a l ,  however, l i k e  a l l  theorie s  

i t  i s  o f  no value unless  i t  can be applied to p r a c t ic a l  c l i n i c a l  scanning.

The shape o f  the d i s t r ib u t io n  curves for low energy gamma sources  

in d ica te s  a large comparative increase  in s c a t t e r .  While most o f  the 

observed sp ec tra l  changes can be explained on the bas i s  of  Compton in co 

herent s c a t t e r ,  the p o s s i b i l i t y  e x i s t s  that coherent sc a t te r  i s  appreci

able .  The separation  of  coherent from incoherent sca t ter ing  cannot be 

carr ied out with  the e x i s t i n g  experimental arrangement. This separation  

probably can be accomplished us ing  higher r e s o lu t io n  dev ices  such as the 

ion d r i f t  d e te c to r s .



CHAPTER V 

CONCLUSION

There i s  a considerable  var ia t ion  in the s e n s i t i v i t i e s  of  scanners,  

depending on the response used for comparison (Table I I ) .  Wide angle 

systems and small R (high re s o lu t io n )  systems are assoc ia ted  with large  

f a l l  o f f  e f f e c t s  which reduce the u t i l i t y  of  these systems for screening  

purposes,

The extension of  the theory developed in Chapter II  and the analys is  

of  the d i s t r ib u t io n  curves lead to the fo l lowing:

1. The data in th is  evaluat ion  does not support the popular b e l i e f  

that low energy gamma emit ters  o f f e r  improved scanning p o s s i b i l i t i e s .  On 

the contrary,  the data suggests  that medium energ ies  (200 - 400 KeV) have 

greater  po ten t ia l  as scanning agents .

2.  The data does not support the opinion o f  some (Blau & Bender)^ 

that Hg-203 has s i g n i f i c a n t l y  b e t t e r  phys ica l  c h a r a c t e r i s t i c s  for scan

ning than 1-131.

3. The th eo re t i ca l  d er ivat ion s  suggest  that i t  may be p oss ib le  to 

produce improved scans by increasing  the reso lu t ion  r a d i i  to values in

excess  o f  those in present use ,  and at the same time using more s e l e c t i v e

4 5windows. C o l l e c t i v e l y ,  due to the R and R terms in s e n s i t i v i t y ,  these  

two changes could r e s u l t  in greater s e n s i t i v i t y  without appreciable lo ss  

in e f f e c t i v e  reso lu t ion .

38
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4.  An optimum of window s e t t i n g s  could be achieved i f  the non- 

defec t  spectrum Ng were determined from the actual type of  organ being  

scanned. This could be accomplished by using the p a t ien ts  themselves  

with multichannel  analyzers.  Spectra could be determined from l i v e r s ,  

kidneys,  bra ins ,  e t c .  This would al low maximum u t i l i z a t i o n  o f  the 

emitted ra d ia t io n s .

5. The e x i s t i n g  read-out systems re s u l t  in data which has no f ixed  

in t e r p r e ta t io n .  A d i g i t a l  numerical system would el iminate one source 

of error (human) in determining whether a defect  was s t a t i s t i c a l l y  pre

sent or not- D ig i ta l  read-outs would a l s o  be more adaptable to e l e c 

tronic  data process ing .  This would not r e l i e v e  the c l i n i c i a n  of  his  

r e s p o n s i b i l i t i e s  in using the r e s u l t s  of  scans,  but would s h i f t  the 

burden o f  s t a t i s t i c a l  an a lys is  to a more uniform system.
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