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An Estiinate of the  Average Absorbed Dose t o  the  Bcrie Marrow of Patients 

SuSjected to Complete Skeletal X-ray Diagnostic Procedures a t  Argonne Natiop.ai 

Laboratory. I 

'7 1). (9 11, '7E) 

by L.  D. Marinelli 

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

progenitor cells ori bone surfaces are essent ia l  t o  an estimate of most of the 

cancerogenic risk undergone by radium patients being followed at the  Center 

for Human Radiobiolocjy at  ANL. The restriction of our *attention t o  overall risk 

to these  two tissues is besed mainly on the observations of Court Brown and 

Doll  on mortality of cancer following radiotherapy for ankylosing spondylitis (1). 

The la t ter  show that the  overall  increase in the combiced number of leukemias 

and cancer  of the  irradiated slceleton is nearly' 3 / 5  of total  increase in  a l l  cancer 

cases occurring within the  same period. 

\ 

I_ Dose  t o  the  Active Bone Marrow 

Basically,  the es t imates  herein presented are based on the  averacle 

absorbed dose  to  t h e  marrow for ches t ,  spinal and pelvic diagnostic exposc7es 

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

ionization chambers 2; representative sites within most bones containing marrcw, 

under various K-~p ' s  and fi l ters.  

irraaiEted field are stated i n  reference 2 ,  where reference is made t o  the  pertinent 

anatomical l i teratwe. Calculation of the  doses  accruing i n  F . N L  procedures were 

mostly impossible 10 calculate  by direct interpolations from the  published data  

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

the number or' M A S  used at A N I  is unkfiown, since the  t imings  are  based on an  

ernpi&ally calibrated phototimer. 

fac tors  such a s  target-film d i s t ance ,  filter and use  of intensifying screen and 

Portions of active marrow present in the 

Except for t h i s  parameter, other exposure (4. 

grid,* fi,ltration and rectification of the H. V. applied to  the x-ray tube are 

*The s ingle  exception is the presence of the  grid in the ANL technique for the 
la te ra l  view of the cervical spine contrasted to  the lack of it a t  Sloan-Ketterizg 
Inst i tute  (SKI). 
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~ tdentical ai  both institutions. In Table 1, ex7osure paraneters  at .Wl and 

SKI a r s  conpared for ches t ,  spinal ana ?elvic exposares.  The estimates of 

MAS effective at ANI, for'the usually slightly different Kvp values a t  SKI are 

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

filtration, namely 
w 

I 

&here the subscripts A and S'refer to ANL and SKI respectively; these and 

other  assumed MP-S va lues  in  Table I ere enclosed in  parentheses. 

In particular, the estina2ed AiNL vniues of average marrow dose in  

mrsds have been estimated for the  various exposures a s  follows: 
. I 

Chest:  Identical MAS value to SKi's because of the very slight 

difference in  value s of Kv2's. 

Cerv'ical Spine, g.: Although the dose  at ANL should be lower thzn 
SKI'S because of hiGher Kvp's (5 1 , th i s  is.compensated by-b-ath 

field overlap and slightly larger f i l m  size at ANL. So no change 

from the  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 MAS h a s  been mzde in  opposite directi0r.s for each of 

the  two views and the corrections almost compensate osch 

other, dosewise. ' 

Lumbar Spine, A.P. - and -- Lateral: The d o s e s  assumed are identical to the 

ones  at SKI, although dovmward corrections io MAS are probably 

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

-- Pelvis,  A.P.: The MAS for th i s  technique w a s  not derived from SKI 

exposure data but from MIT techniques,  beceuse the Kvp uskd 

there were identicai to  A N L .  Averace rnarro-.~ dose >si MAS are 



taken f ro9  the appropria:e SKI Srapn. The deliberate choice 

in X; ' s  higher WAS value is to compmsate  for probably field 

overlap. 

- .  

1. 

. .  

Published measurements and est imates  of marrow d o s e s  a t  SKI are 

limited to the fields mentioned above which comprise the  bulk of the exposure 

to the active marrow. Comprised in ANI, skclctcll sunmy8 however, are 

included other diagnostic f ie lds  including marrow. Thus: 

Femora, Riqht and Left: The ,MAS arz  assumed to be 1/2 the number 

h . 

. 

used for the pelvis .  This ratio is derived from the relative 

va lues  of the,  M4S used for both exposures a t  MIT (0.4) 
2 correcting for difference in Kvp (65/60) + a 7% correction for 

field overlap. The amount of ;:arrow exposed is asstimed to be  

8% of the total, namely 4% i n  the head or' the  femur(6) and 4% 

in  the overlap of the  sockets;  t h i s  is 0.2 of the  amount of active 

marrow irradiated iri the pelvic ex2osure 

femoral heads and necks) .  

(including the 

Rence,  t o  a first approximation, 
. 

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

Humeri, Riqht and Left, A . P . :  The assumption is made that the MAS (3G) 

are identical to MIT's, using identical  Kvp. The average marrow 

mrad/MAS (. 15 a t  60  K V P ' ~ ) )  is taken to be identical  to the 

exposure of the cervical spine A.P.  (3 .4% of total  marrow) 

corrected for fraction of in the head of two humeri (4%). 

. The resul t  is: 

Average marrow dose  = 30 x . ? 5  x 4 /3 .4  = 5 . 3  mrads. 

Skull (A. P.  , Lateral and Waters '  view) - -  + 2 Lateral M3stoid.s + -- 2 Posterior Mas'ioi6s 

The estimate of the average dose to the  marrow, result ing from the 

diagnost ic  procedures, of the  skull  and mastoids,  is a very difficult problem, 

enhanced by the shape of the skull  bones and thc distribution of the marrow within 

. 



- .  
them. T o  zvoid dosimetric errors eas i ly  mad2 by simplifying assump;ions on 

t h e  role of these  two factors ,  it was thouskt j e s t  to de?snd mainly on the 

experimerital data and on calculations provided by the  extensive dosinetr ic  

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

capi t is  i n  children (7); t h i s  study explored :he marrow dose resulting from the 

Adamson-Kienbock technique. The la t ter  cons i s t s  of 5 exposures: 2 l t t e r a l s ,  

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

exposure fields zipproximate well  the 7 f ie lds  used in  the  diagnostic procedures 

at ANL. A voltage of 100, Kvp and no added filter were used  in  the treatment aad 

the T. S. D. w a s  20 - 25 c m  

pos i t ions  above and below sca lp  t o  record the dose  a s  accruing from the 5 

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

to calculzte the dose to the marrow assuming tha t  t he  ful l  th ickness  of skull 

bones averaged the equivalent of 2 mm of A1 and that it was uniform throughout. 

and LiF dosimeters were placed at several 

~ 

. 
The N.  Y. U. d o s e s ' a t  m i d  level of the cranim-i from the combination of all 5 

fields averaged 250 rad (no correction for szcondary electrons from bone) 

whereas  the average dose  to t h e  sca lp  w a s  600 rads: this  leads  t o  a preliminary 

"depth dose ratio" of Z59/600 = .385. 

Some corrections to t h i s  figLre ought i o  be contemplated. Because of 

the very different target-skin d is tances  betw2en Ah% procedures and N.Y . U .  

treatmei-it ( *  85 or 25 c m  respectively) t he  "de?th dose ratio" correction of 1. C6 

should apply to the ANL figures. A more dras t ic  correction is due t o  the "ds?th 

dose  ratio" becai;se the  Kvp's and filtration i n  the two izstarices are considersbly 

different. Assuming the thickness  of the t i s s u e  of the  sca lp  a s  equivalent t o  

.2 mrn A1 and the  mid skull thickness  of 1.0 mm A l ,  we must correct for the  

transmission of 100 Kvp no fi l ter  (H.V. < 0 .7  mm P:l) through t i s sue  equivalent 

to 1 . 2  mm A1 and the  transmission of 70 Kvp a t  3 . 2  mm Al a s  compared t o  that  
(8) of 2 mm of A!. The ratio of t h e s e  transmissions comes approxirnately $0 

.70/. 50 = 1.4 which is the factor by which tne NYU "depth dose  ratio" oucht t o  

be corrected: t hese  revis ions increase the depth dose  r&io for ANL techniques 

to 1.4 x ,385 x 1.06 = .57. This  is a rather generous correctior, because tqe 
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. .  
. effect ive th ickness  of the sku l l ,  which ::he x-rays mzs: cross  i r~ k t e r a l  a d  f rmta l  

. projections to reach the  marrow, is hig:?z,.r :h:nnn 1 .3  XEI of A1 equivalent and the 

r a t e s  above will  decrease and eventually bzcoxe  less than unity as the  

filtrarion increases  a t  oblique angles .  A s  c r o q h  approxi;nation, we shall  a l s o  

. assume  tha t  the target-skin d is tance  io ths head and pelvis  are approximately 

the  same. 

14 x 17 field s i ze  and s a m e  d is tance  as A S L  (Xiei. 2 ,  Table I) is 95 mr for t h e  

10 MAS used at ANL. 

number of exposures at AhZ 7 vs  5 at hXJ (1.4) and the "depth dose" mentioned 

It foilows tha t  the  skin dose  , a s  measured a t  SKIat 70 Kvp f 2 nrr? A l ,  

Corrections of fraction of marrow in skull (. 12) , the 

above lead  t h e  overall estimate to: 
h 

\. 

96 x . 1 2  x 1.4 x .,57 = 9 mrads 

a s  the  average t o  t h e  marrow, with no secocdary electron coz-ection. 

This is a hish figure a l s o  because  the  vertical  f ie ld ,  used i n  the thera?y 

set up, b i t  not in  t k  diagnost ic  one ,  contributes the  h ishes t  dose to  the scaip 

and the effect of overiaaping f i e lds  has been taken into account i n  the therapeutic 
7 

I dose  ineasurernents and calculat ions.  

The to ta l  dose  to  the marrow for complete skeletal  x-ray wil! be the 

to ta l  of t h e  underlined va lues  i n  Table I (420 mrads) t i m e s  the correction 

b 

necessary  t o  the estirnate of t h e  contribution of the photoelectrons generated in 

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

sugges ts  a correction of 1.1 which brings the average dose to  the marrcw to 

460 mrads. It i s  obvious from Table I t ha t  the average narrow dose can be 

reduced t o  nearly 1/2 by sim?ly omitting the  lateral  exposure to  the lumbar spice 

and to  about 113 by foregoing a l s o  t h e  la teral  view of the  thoracic spine. A 

preliminary est imate  of the  average marrow dose accruing in MIT diagnostic 

proce9ures (where all MAS are explicit ly s ta ted)  yields a value of about 550 rnrzds, 

(See Table 11). 

( 5 )  

An approximation to t h e  dose t o  t h e  progenitor endos tea l ' ce l l s  can bc 

made by assuming that ,  on the  average,  t hese  cells--being c lose  to  the bone--will 

receive a dose  approximately 1 .5  tines the  averace marrow dose (71, namely, 

rcug3Jy 700 n r z d s  on the avzrage . 



2s;ima;e of .\veragc: Absorixd DOSS to ~/iar;o:.r ~. 7-0- ,.. Corn?iete Skz:z:tal X-2ays As Given iQ.:Il 
E , .  I?. ~ d " , c c : .  Tnx en s I iyirig 

Part Position Institution ~ c r e c r .  Grid i ;V?(pe~k)  MAS dost? Z-.YECS 

- 
c 
3 85 (10) I 

Chest A.P. SKI +14x17 - * 86 1 0  3 

70 (32) - cem. sp. A.P.  ANL +lox12 c 

Cerv. s p .  Later. ANL +lox12 + 75 (32) - 

+14x17 - Chest. A.P.  ANL 

6 .4  

Cerv. s p .  A.P.  SKI + 8  x10 i 56 50 6.4 

9.6 

Cerv. sp .  Later. SKI +8 x10 - 68 40 2.4 

Thorac. sp. A.P. ANL +14x17 + 65 (87) i 32 

T horac . &sp. 

Thorac. sp.  

Thorac. sp.  

L:dmbar sp .  

Lurnbar sp. 

LumSar s p .  

Lumbar sp. 

Peivis 

Pelvis 

2xfemora 

A . P .  

Later. 

Later. 

A .P .  

A.P. 

Later. 

Later. 

A.P. 

A.P. 

A.P.  

SKI 

ANL 

SKI 

ANL 

s i 1  

ANL 

SKI 

m i  

SKI 

ANL 

+14x17 

+14x17 

I-14x17 

+14x17 

i14x17 

+14x17 

+-14>;!7 

+14x17 

+ i m 7  

+14x17 

4- 

+ 
+ 
+ 
4- 

+ 
+ 
+ 
+ 
+ 

70 

76 

72 

70 

68 

85 

a 2  

65 

68 

65 

' 30 

- E8 

72 

23 

23 

- 

2 IC 

2 10 

-- 4 4  

38 

9. 
2xlzuneL-i A.P .  ANL + 11x14 + 60 (30) -- 5 .3  

Skull A . P .  ANL -10x12 + 75 10 +\, 
Skull  Later. AML -10x12 + 70 10 

Skull Waters ANL -10x12 + 70 10  

2xma stoid s Later. ANL -1Oxi2 + 70 10 
2xmastoids Poster. ANL -10x12 + 70 10 

TFD -- 72 "  (chest); 4G'' for all others. Filtration = 2 mm A! 
* 

(+) or (-1 = preserAce or absence 0-f either grid of int. screen. 
dimensions of fila. 

Numbers indicate the 

A.P. = anterior., posterior. Later. = lateral 
v 

t 
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