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The estimate described above and t h e  estimate of absorbed dose t o  the 

progenitor cells on bone surfaces are essent ia l  20 an estimate of most oi the  

c a k e r o g e n i c  risk undergone by radium patienxs being followed a t  the  Center 

for Human 4adiobioiogy a t  ANL. The restriction of our 'attention to  overall r isk 

t o  these  two t i s s u e s  is based mainly on the observations of Court &own and 

Doll on mortality of cancer r'olrdwing radiotherapy for ankylosing spondylitis (1). 

The la t ter  show that t h e  overall increase in  the combined number of leukemias 

and cancer  of t he  irradiated skeleton is nearly 3/5 of total  increase in  a l l  cancer  

\ 

c a s e s  occurring within the  same period. 

Dose t o  t h e  Active 3one Marroy 

Basicallv.  the estimates herein pri..sented are based on t h e  averaqe 

absorbed dose  t o  the  marrow for ches t ,  spinal and pelvic diagnostic exposures 

irwestigated experimentally by the S. K. I. group (2) (3) who judiciously placed 

ionization chambers 2; i-epre sentative sites within most bones containing marro? , 
under various Kvp's and f i l ters .  

irradiated field are stated in  reference 2 ,  where reference is made to the  pertinent 

anatomical literature. 

mostly impos sib1.e to calculate by direct  interpolations from the published data  

on mrads per Milliampere-second (MAS) a t  a given K v p  (Kilovolt peak) because 

the number of MAS a s e d  at ANL is unknown, s ince the timings are  based on a n  

empirically calibrated phototimer. 

factors such as target-fiim d is tance ,  f i l ter  and u s e  of intensifying screen and 

Portions of act ive marrow present in  the 
I 

Calculation of the  doses  accruing i n  A N L  procedurzs were 

( 4 ) .  Except for th i s  parameter, other ex2osure 

gr id ,?  filtration and rectification of thz H. V .  applied t o  the x-ray tube are 

*The single exception is the presence of t h e  grid in the ANL technique for the 
la teral  view of t i ie ce,rvical spine contrasted t o  the  lack of it a t  Sloan-Kettering 
Insti tute (SKI). 
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identical  at bcth insti tutions.  In Table I ,  e x p o s u e  parameters zt ANL and 

SKI are compared ~ G T  ches t ,  spinal and ?e!-viz ex7osures.  The esximates of 

MAS effective a t  P , N L  for ' the  usually slightly different Kvp values  a t  SKI are  

calculated by the empirical formilla derived from Reference (8) for 2 mm A1 

fi l tration, namely 

, 

. I' 
&here the subscripts A and S refer to ANI, and SKI respectively; t hese  and 

other assumed MAS va lues  in Table I ?.re enclosed in  parentheses.  

In particular, t he  estimated ANI,  vaiues  of averase marrow dose  in 

mrads have been estimated for the various exposures as  follows: 

Chest :  Identical MAS value to SKI'S because of The very slight 

difference in  va lues  of Kvp's. 

Cervical Spine, u. : Although the dose at  AIVL should be lower than 

, t h i s  is compensated by both (5) SKI'S because of higher Kvp's 

field overlap and slightly larger f i l m  s i ze  a t  ANL. So no change 

from t h e  SKI estimate was  made. - 

Cervical Spine, Lateral: The main correction on the SKI value is made 

for the presence of grid at ANL. A factor of 4 x the  SKI dose  

is assumed to  compensate for t h i s .  (See ref. 1, p.99). 

Thoracic Spine , A. P . and Lateral: Correction for influence of different 

Kvp on iMAS h a s  been made in opposite directions for each  of 

t h e  two views and the corrections almost compensate each  

other, dosewise.  

Lumbar Spine, u. and -- Lateral: The  d o s e s  assumed are identical  t o  the 

ones  a t  SKI, although downward correctionz i p  MAS are probabiy 

in  order. The omission is made to  compensate for field overlap. 

-- Pelv is ,  &E.: The MAS for this technique was  not derived from SKI 

exposure data  but from MIT techniques,  because the  Xvp uskid 

there were identical  t o  ANL. Average r n z r r c ~ ~  d c s c  per M A S  are 
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taken from the  a.ppropri;tc SKT gra2h. The deliberste &Dice 

in FA, 

overlap. 

s higher M A S  valce is tc compensats for pro5abiy field 

Published measaremeats and est imates  of mxrow doses  a t  SKI are 

limited to the f ie lds  mentioned above which comprise the bulk of the exposure 

to the active m a r o w .  Comprised in A M ,  skclatal survey, however, are 

included other diagnostic fields including marrow. Thus: 

Fernax, Fiiqht 2nd Left:  The :dAS arz assumed to be i / 2  the num5er 

used for the pelvis. This 'Tatio is derived from the relative 

va lues  of the MAS used for 50th exposures at MIT (0 .4)  
2 co r rec thg  for difference in Kvp (55/60) 

field overlap. The amount of rr'.arrow exposed is assumed to be 

, 

+ a 7% correction for 

( 6 )  . 8% of the to ta l ,  namely 4% i n  the nead of the fenur  2nd 4% 

in :he overlap of the sockets ;  t h i s  is 0 . 2  of the  amount of active 

marrow irradiateci iri the  pelvic exposure (1) (including the 

femoral heads  and necks) .  Hence, to a first approximation, 

Average Dose from 2 femoral f i l m s  = 2 x 1/2 x . 2  x 44 = 9 mrads. 

Humeri, Right and L e f t ,  A,?.: The esscmy;:ion is made that the MAS (3C) 

are identical  to  M I T ' s ,  'using identical  Kvp. The average marraw 

mrad/MAS (. 15 a t  60  Kvp is taken to be identical to the 

exposure of the  cervical spine A.P. (3.4% of total  marrow) 

corrected for fraction of marrow 

* (2)) 

(6) in the head of two hilmeri (4%). 

The result  is: 

Average marrow dose  = 30 x - 1 5  x 4/3.4 2: 5 . 3  rnrads. 

Skull (A .P . ,  Lc ik ra i  - -  and Waters '  view) - -  f 2 Lateral Mast0id.s + -- '2 Posterior ihkstoids 

- 7  i n e  estimate of the average dose to thz marrow, resulting from the 

diagnostic procediires, of t he  skull  and mastoids,  is a very difficult problem, 

enhanced by the shape of the skull bones and the distribution of the marrow withir! 



them. 

the role of these  two factors, i c  wz.s thonGkLL j e s t  to depend mainly ori the 

experimental data and on cale~latiOi?s p rwided  by the  exiensive dosinetr ic  

s tudies  a t  N .  Y.  U . pertinent t o  the x-ray epilation treatment of l ineas  

T o  avoid dor;imetric e r r ~ r s  easily rr,;ldz by si;n$i5]7/ing asscrr,ptions on 

capi t i s  in  children (7);  t h i s  study explored the rizarrow dGse resulting from the 

AdamsoR-Kienbock technique. The la t ter  cons i s t s  of 5 exgosures: 2 la terals ,  

2 A.  P.  ' s  and one vertical to the top of t he  skull;  except for the latter,  these  

exposure fields approximate well  the 7 fields used in  the diagnostic procedures 

a t  ANL. k voltage 0: 100, Kvp and no added filter were used i n  the treatmer.t and 

the T.  S. D.  w a s  2 0  - 25 c m  

qositions above and below scalp t o  record the close a s  accruing from the 5 

exposures used in the treatment; interpolation w a s  used between these readings 

to calculate the dose t o  the marrow assuming that  t he  full thickness  of skull 

bones averaged the equivalent of 2 mrn of A1 and that it was  unifom Zhroughout. 

The N. Y .  U. doses  a t  mid level of the  cranim-. from the coxbination of all 5 

fields averaged 250 rad (no correction for secondary electrons from Sone) 

whereas  the average dose t o  the  sca lp  w a s  600 rads: t h i s  l eads  to  a preliminary 

"depth dose ratio" oi 250/600 = .395. 

and LiF dosimeters were placed at several 

, 

Some corrections to th i s  f i p r e  ought TO be contemplcted. 3ecause  of 

the  very different target-skin dis tances  Setween ANL procedures and N.Y .U. 

treatment ( -  85 or 25 c m  respectively) the  "depth dose ratio" correction of 1.96 

should apply to the ANL figures. A more drast ic  correction i s  due to the "depth 

dose  ratio" because the  Kvp's and filtration in  the two ins tances  are considerably 

different. Assuming the thickness  of the  t i s s u e  of the  scalp a s  equivalent to 

. 2  mm A1 and the mid skull thickness  of 1 . 0  mm A l ,  we must correct for the  

transmission of 1 C O  Kvp no filter (H.V.  < 0 . 7  mm F:l) through t i ssue  equivalen: 

to 1 . 2  inm A1 and the transmission of 70 Svp at  3.2 mm A1 a s  compared to  that  

of 2 mm of A1 I 

.70/. 50 = 1 . 4  which is the factor by which the NYU "depth dose ratio'' ought to 

be corrected: t hese  revisions increase the depth dose  ratio for AN-L techniques 

to 1.4 x .385 x 1.06 = .57.  This is a rather generous correction because t$e 

(8) The ratio of these  t ransmissicns comes approximately t o  
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filtration increascs  a t  obliqce ancjles. As a roush approximation, we shal l  a l s o  

assume that  t he  target-skin dis tance to the head and pelvis are approximately 

the  same. 

14  x 17 field s ize  and sane dfstailce as ANL (Xef. 2 ,  TaXe I) is 96 nr for the  

1 0  MAS used a t  AKL. 

number of exposures a t  ANL 7 vs  5 a t  :\XU (1.4)  and the  "depth dose" mentioned 

above lead the overall estimate to: 

It follows that  the  skin dose, a s  neiisured a t  SKIat 70 Kvp f 2 mm A l ,  

Corrections ct 2rac:ion of narrow in skull (. 12 ) ,  the 

. ,' 
h 

96 x .12  x 1.4 x .$7 = 9 mrads 

a s  the average to the marrow, with no secoridary electron correction. 

This is a hi& figure ziso Secacse  t h e  vertical  f ie ld ,  used i n  tl-,e therapy 

set up,  but not i n  t!-z diagnostic one ,  cm-iribu;es the  hishest  dose to  t h e  sca lp  

and the effect of over,zi.pping f ie lds  has  been taken into accourit in  the thereaeutic 
* 

I dose nei lsuremmts and calculat ions.  

The total  dose  to  the  marrow for cornpie% skeletal  x-ray wiil be the 

total of the  underlined va lues  in  Table I (420 mrads) times the  correction 

. 

necessary to  the estimate of the  con t r ih t ion  of the  -,hotoelectrons Generated in 

bone and ending in the marrow. A perusal of t h e  values  shown by Spiers 

suggests  a correcticn of 1.1 which Srings she average dose to t h e  riiarrc~7 to 

460 mrads. 

reduced 10 nearly 1/2 by simply ornitting t h e  lateral  exposure t o  the lumbar spine 

and to abobt i /3 by foregoing alsc the lateral  view of the thoracic spine.  A 

preliminary estimate of t he  averase marrow dose accruing in MIT disgnosric 

p r o c e d u e s  (where all WAS are explicitly stated) yields  a value of about 550 m a d s  

(See Table 11). 

(9 

it is obvious from Table I that  Yne averagc marrow dose can be 

An approximation to  the dose to the progenitor endosteal cells can be 

made by assuming tha t ,  02 t h e  average, these cells--being clcse to the bor,e--wil1 

receive a dose e.p?rcximatdy 1.5 t i m e s  the average marrow dose ( 7 ) ,  namely, 

roughly 700 m a d s  or; the  average. 
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Cem.  sp .  A'. 1. SKI +8 xi0 - 56 50 6.4 
( 3 2 )  -- Crrv. sp.  A.P .  ANL +lox12 + . 70 

+ +lox12 Later. E\.NL Cerv. sp.  76 9 . 6  --- 
Cerv. s p .  Later. SKI +8 x10 - 68 43 2.4 , 

1 32 Thorac. sp. - A.P. ANL i-14x17 4- 65 (87) - 
Thorac.&sp. A . ? .  SKI +14x17 4- 70 75 30 

Thorac. s p .  Later. ANL + 1 4 :.c 1 7 + 76 (180) - 6 8  
/' 

Thcrac. sp.  Later. SKI +14x17 + 72 2 00 72  

23 Lumbar sp. A.P. A?JL +lCx17 t- 70 (72) - 
Lumbar sp.  A.P. SKI i-14x17 T 63 75 23 

85 (375) -- Lumbar sp. Later. AXL +14x17 I 

Lumbar s p .  Later. SKI 4-14x17 -i 8 2  400 2 13 

F eivi s A.P. XqL -l-ILI,XL'/ 4- 6 5  (100) --A 

Pelvis A.P.  SKI. +14x17 -k 68 75 38 

2 xfe mora A . P .  ANL f14x17 f 65 (5 0) 3- 

2xhumeri A.?.  ANL + 11x14 + 60 (30) 5 . 3  

Skull A.P .  ANL -10x12 + 75 10 1 

2 10 

4 n 1- 

10 1 Skull Larer. ANL -:ox12 f 70 

Skull Waters AiSL -10x12 + 70 10 

2xma stoid s Later. ANT, -19x12 + 70 i o  
2 xma s t oid s Poster. ANL -10x12 i 70 10  P 5 
TFD = 7 % "  (chest);  40'' for a l l  others. 

(+) or (-1 = presence or  absence of z i ther  grid of int .  screen.  
dimen sfon s of filin . 

Filtration = 2 rnm A i  
* 

Nurnbers indicate the 

A .  P. = anterior,, posterior. Later. = iateral  
0 
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