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Dr. Edward W. Webster 
Department of Radiology 
Massachusetts General Hospital  
Boston, Massachusetts 

UCCM/RCCI .958018.002D 

March 13, 1969 

Dear I)r. Webster: 

Enclosed i s  the a b s t r a c t  f o r  the in-vfvo dosimetry top ic  o f  the 
r a d i a t i o n  dosimetry session o r  for the radiobiology session a s  i s  con- 
sidered suitable by the  Program Comnittee. The a b s t r a c t  is  forwarded 
as per John Laughl ln 's  r e c e n t  correspondence w i t h  me. 

S i  ncerel y , 

James G. Kereiakes, Ph.D. 
Professor of Radiology 
(Radi ol ogi c Phy s i cs ) 

JGK/sjk 
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I BONE MARROW DOSIMETRY IN A CO-60 IRRADIATED TISSUE-EQUIVALENT HDW P I W T O N  

James G. K e r e i a k e s ,  Edward B. S i l b e r s t e i n ,  J. Winston Rogers,  and Eugene L .  
' Saenger  ( U n i v e r s i t y  of  C i n c i n n a t i ,  C i n c i n n a t i ,  Ohio, U.S.A.) 

Whole body and  p a r t i a l  body i r r a d i a t i o n  ( e i t h e r  upper  h a l f  o r  lower h a l f )  i s  
, b e i n g  used  i n  t h e  t h e r a p y  of c e r t a i n  c a n c e r s .  This  t h e r a p y  i s  g i v e n  as  a s i n g l e  

d o s e  b i l a t e r a l l y  w i t h  t h e  x i p h o i d  s e r v i n g  as t h e  r a d i a t i o n  f i e l d  boundary f o r  
u p p e r  and lower h a l f  i r r a d i a t i o n  exposures .  Hematological  s i d e  e f f e c t s  are ob- 
s e r v e d  as a r e s u l t  o f  t h e s e  exposures .  C o r r e l a t i o n  of t h e s e  e f f e c t s  w i t h  p a t i e n t  
m i d l i n e  d o s e ,  i n t e g r a l  dose ,  or a v e r a g e  dose is  d i f f i c u l t ;  however, p o s s i b l e  
c o r r e l a t i o n  w i t h  "active" bone marrow d o s e  w a r r a n t s  f u r t h e r  s t u d y ,  p a r t i c u l a r l y  
f o r  t h e  p a r t i a l  body p r o c e d u r e s  where some "ac t ive"  bone marrow remains  p r o t e c t e d  
d u r i n g  t h e  p r o c e d u r e .  The purpose  i n  t h i s  s t u d y  was t o  de te rmine  e x p e r i m e n t a l l y  
" a c t i v e "  bone marrow d o s e  u n d e r  s i m u l a t e d  whole body and p a r t i a l  body cobal t -60  

' exposure  c o n d i t i o n s  f o r  humans. A t i s s u e - e q u i v a l e n t  phantom (Rando) c o n t a i n i n g  
a human s k e l e t o n ' w a s  used .  
l y  p l a c e d  i n  bone cav i t i e s  as demonstrated by r a d i o g r a p h s  of each phantom s e c t i o n .  
The c a v i t i e s  s e l e c t e d  were based  on l o c a t i o n s  of " a c t i v e "  bone marrow s p a c e s  as 
i n d i c a t e d  by E l l i s l .  
t h e  i n t e g r a l  d o s e  t o  " a c t i v e "  bone marrow was c a l c u l a t e d .  "Active" bone marrow 
i n t e g r a l  d o s e s  f o r  lower half-body and upper half-body are  68.9% and exposures  
37.0%, r e s p e c t i v e l y ,  of t h a t  de te rmined  f o r  whole body exposure under  t h e  i r r a d i -  
a t i o n  e x p o s u r e  c o n d i t i o n s  g i v e n  above. 
marrow d o s e  d e t e r m i n a t i o n s  i n  t h e  c l i n i c a l  hemato logica l  p a t t e r n  observed f o r  
humans i r r a d i a t e d  under  s i m i l a r  exposure  c o n d i t i o n s  w i l l  be d i s c u s s e d .  
1 E l l i s ,  R . E . ,  Phys.  Mcd. B i o l .  5 : 2 5 5 ,  1961. Supported by DASA C o n t r a c t  So. DA- 
49-146-XZ-315 and by P u b l i c  H e a l t h  S e r v i c e  T r a i n i n g  Grant  No. 57992-02-63, from 

Capsules  f i l l e d  w i t h  l i t h i u m  f l u o r i d e  were j u d i c i o u s -  

From t h e  a v e r a g e  r a d  dose and " a c t i v e "  bone marrow w e i g h t ,  

The i m p l i c a t i o n s  of t h e s e  " a c t i v e "  bone 
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BONE MARROW DOSE IN A 6 0 C ~  IRRADIATE0 TISSUE-EQUIVALEidT 
HUiAN PtiANTOi4 USING LITHIUM FLUORI3E OOSIMETRY 

James G. Kereiakes and Eugene L. Saenger 

Whole body and partial body irradiation (either upper half or  lower half) 

I s  being used i n  the therapy o f  certafn cancers. T h i s  therapy is given as a 

single dose bilaterally w i t h  the xiphoid serving as  the radiation field boundary 

f o r  upper and lower half irradiation exposures. Hematological sided effects 

are observed as a result o f  these exposures. Correlation of these effects to 

patient integral dose is dffficylt, however, possible correlation w i t h  "active" 

bone marrow dose warrants further study, particularly for the partial body 

procedures, where some "active" bone marrow remins protected d u r i n g  the procedure. 

The purpose i n  this study was to experimentally determine "active" bone marrow 

dose under s i m l a t d  whole body and par t ia l  body cobal t-60 exposure condftlons 

for humans. A tissue-equivalent phantom (Undo) containing a human skeleton 

was used. Capsules f i l l ed  w i t h  l i t h i u m  fluoride were judiciously placed i n  bone 

cavities a s  demonstrated by radiographs of each phantom section. The cavities 

selected were based on locations o f  "active" bone marrow spaces a s  indicated 

i n  the review ar t ic le  by Ellis ( 

bone marrow weight, the integral dose to "active" bone marrow was calculated for 

each anatomical phantom section. Total gram rads to the whole body "active" 

bone marrow were found t o  be 56477, 38903 and 20916 gram.rads for whole body, lower 

half-body, and upper half-tody, respectively, per 

"Active" bone marrow integral dose for loner half-body exposure 1s 68.5% o f  that  

determined for whole body exposure under the irradiation exposure conditions given 

above. 

clinical hematological pattern observed for humans irradiated under similur 

exposure cpaditions will be discussed. 

>. From the average rad dose and "active" 

.R .trunk mid1 ine a i r  exposure. 

The importance of these "active" bone marrow dose determinations fn the 


