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R- int r rer t  of &e Wiverrity of ciaetana& grorrp 
octabollc tffccrtr of $ o a l c i 4  radiation ip b.r\m8 and midliev doses *&- 
the order of 25 t o  200 r 8 d  are wed.  W w e  a atagla Cobalt 60 mwpce 

howad in an 8idor.de A (Atomic kurg'of  Canada) unit. kr our w t & p  

distance rquirements h c n  k e a  r ia ir imd by placirq~ the patimat in 
s i t t i n g  pos i t i on  wi th  lower e x t r e m i t i e s  r a i s e d  and wi th  the  head t t l t e d  

e l i g h t l y  forward. The p a t i e n t  I s  thus  f i t t e d  i n  a square a rea  of about 

30 inches on each s i d e  ( a c t u a l l y  wi th in  the  50X isodose l i n e ) .  

60 f i e l d  f o r  t o t a l  body r a d i a t i o n  using the  present  source IS shovn i n  

s l i d e  1. Prom the  f a l l  off of dose r a t e  wi th  inverse  equare and the  

dev ia t ion  found i n  t h i s  inverse  square law e x t r a p o l a t i o n  as t he  wa l l  

of t he  room is approached, the  d i s t ance  of 282 an t o  p a t i e n t  midl ine was 

choaen. Here i t  is 8een t h a t  the  f i e l d  size is approxirrately 73 by 74 cm 
t o  t he  50% isodose l i n e .  The approximate loca t ions  of the  cen te r  of 

the  head, t runk ,  and knee a reas  a r e  noted i n  t h e  e l i d e .  The Intadtabion 

is del ivered  by giv ing  h a l f  the  s p e c i f i e d  exposure l a t e r a l l y  through 

one s ide  of the  p a t i e n t .  The p la t form on which the  p a t i e n t  i s  sea ted  

is then  turned around and the  o the r  ha l f  exposure de l ivered  l a t e r a l l y  

through the o the r  s i d e .  

t o  at*  
. . *  i 

The cobal t  

Preliminary nwaourements amde in a nuoonl te  phantom uring doekeetcro 

-placed on lateral rur f~ccr  and a t  tbc'midline of the head, trunk, radcltnoc 
por t ion8  of'** phantap art  rhwn i n i l i d e  2. 

l oca t ed  at  & em. t o  t he  p a t i e n t  midl ir t . ,  vhich is 8 1 B O  approximately 

56 ca. fr& tbe roQa vall, expomure rater were measured at  pofnt r  A, B, 
and C, at 'the head level m d  D, 1, and F at tn& 1 ~ ~ 1 ,  and C, I, .Y crad 
It a t  knee level. 
is seen t h a t  the  mutimum v a r i a t i o n  i n  these  exposurea is about 16%. 

Even though t h e r e  is f a l l  off  of the  exposure a t  the  head and knee r eg ions ,  

the l e s s  a t t e n u a t i o n  of the beam by the  l e s s  th ickness  of t i s s u e  a t  these 

pos i t i ons  tends t o  f u r t h e r  equal ize  the  exposure.  

With the Cobalt  10urm 
.:, I "  

.. 
. 3. 

If the do8r rater  at .b, E, .rtd X are  -red, it" 
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The exposure to the patient is determined as follove: 

The percentage depth dose at a t i e m e  depth of half the lateral 
d ~ n r l o n e  of the patient for a 400 84. cp. field . rea and a raurcr-rkin 

Fy - , U I t m c e  of 80 i s  given. Depth dome a t  thc peater .ocrrce-~k.b. + 

I e '* ibtaace tued &X th, path& w Lasnd .oltQlyimg th ir  depth W e  
a- * ** 

i '  'b the .od&lhd . r .  ?' fact& porhlated m e $  mad -ton. w &'.- 
). r win$ th. &td &pth dose at tba -t@n't ddlilu (1/2 lateral , e 

'then ccrleuhted. Divldiu the brclnc8tter factor $frr8 th. Jr' 'd 

exposure at the porition of the rurfacc. 
required to give the desired mldline dore in rads. This is in essence 

for the distance8 involved here the same as ueing the tumor-to-air 

ratio; that l o ,  using the tissue exposure to air  expoeure at location 

of tissue as the ratio for obtaining the air exposure at midline. 

P 
*: , .  

Air exporure at midline 

It is realized that the assumption made here is one of uniform 

tissue attenuation. A160 the possibility of some deviation from the 

true value by the use of the F factor extrapolation. HOwever, a direct 

comparison of the calculated and measured phantom doses were made for 

a patient having the a m e  lateral trunk dimension as the masonite 

phantom. 

patient is riven in slide 3. 

made in the masonite phantom and vhich canpare quite vel1 with the calculated 

doses. The combined dose of the two radiation fields i r  8180 given in 

The relative depth dose for each lateral exposure to this 

Indicated by the crosetes are measurements 

.- thh figure r a d  shmm .\good hPQY)geaCour distributlon through thiCW$ient 
. ?  

Ai(+ varfation). 

d i r t r i b u t d  is ibolen for the e x t ~ a d  2attr.l dkanrionr for the &*hts 

' i n  thd tot;i,.body 

maxLP.1 lateril  dFmenrfon of % em. 

fn  rl idr 4 th. &hmm variation i n  lateral d o q  .; 

winima~ later& $iarnrimr i a  26 a. aria '  
?or t h e  24'Ca. lateral dimenmion, 

. ***  + t ' 
4 r r X a  +!?&8tfOn in dore i 8  32, v h a e u  u, 8 t t 8 i U 8  4 tilt&# O f  gtrlx 

r *  

for the patient M a g  the % eae l8tcf.l dlssru&bn. 
a lro  h e n  made recently with the Alderson Rando Phantom and L i t h i m  

Fluoride with the same good agreement. 

2hb cback b.r 



As an a d d i t i o n a l  experimental  check of t he  r a d i a t i o n  expoewe 

condi t ions ,  ion chamber dosimeters  were placed i n  our e a r l y  experiments 

(now we w e  l i t h ium f l o r i d e  dorlmeterr) on la teral  rides of the  t runk ,  

head, m d  knee8 of p a t i e n t e  during urporurer. 

m a l ,  w e e  quite -11 r i t h  the a a l c u l w e d  valuer for t b m o  plLglonr. 
There readings  do, In 
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Ue k ' % l . o  ) n f o r v d  mime prrtl.1 (h81fi Lrradiatioar, ' .  

Slide S iadio&rr remltr of ruurr.ownW n d a  r i t h  lithltr f l w r i b  
t o  d e t e r a i d '  &e e u c t  f i e l d  8frc. Par' the )ax i rodore  l ine,  a f ie ld  

-81- of 374 a. by 73% an f a  &vea. 'zha xtphoid w u  choaen a8 the .-. 
po in t  on the tmnk that  determiner the uppor m lousr ed8e of the 
beam. This  choice of the  xiphoid r e s u l t s  i n  50% of the  body being 

i r r a d i a t e d  f o r  p a r t i a l  ( lover )  body as cornpared t o  42% of the  body 

f o r  p a r t i a l  (upper) body i r r a d i a t i o n .  baeuremente  were a l s o  made i n  

the  Alderson Bando phantom us ing  l i t h ium f l u o r i d e  t o  determine the  

f a l l  o f f  of t h e  bean: beyond the  502 isodo~e l i n e .  S l i d e  6 ehovs 

r e l a t i v e  doses f o r  Cobalt  60 p a r t i a l  body (upper) i r r a d i a t i o n  as 

measured wi th  T1  100 puwder a t  t he  cen te r  of t he  Alderoon Rando phantom 

u s i n g  l a t e r a l  r a d i a t i o n .  The dose drop8 o f f  apprec iab ly  here  and it 

reaches a l e v e l  of a few percent  a t  4 t o  5 inchee below the edge of 

t h e  beam. For the  lower ha l f  i r r a d i a t i o n ,  ( s l i d e  7 ) ,  the  expooures 

a t  the  head l e v e l  a r e  i n  the  order  of one t o  1#%. 
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The approach g ive3  above a t tempts  t o  canpeneate t o  s a n e  ex ten t  

f o r  the d i f f e r e n t  l a t e r a l  d b e n a i o n s  of the  p a t i e n t  by giv ing  the  same 

midline abeorbed doee i n  r ads .  Humver, the i n t e g r a l  dose6 f o r  t h e r e  

patient8 may r t l l l  be d i f f . r d .  frr the %&mol bf'briation Wsdf& <,' .- ~ 

report wrUtm by U.K. Sinclair a d  

., .- 
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Art Q10 en the teu&nique of 3 

,+?$ 
aoncept  of -ap  dora w88 tared i n  8x1 btteapt to f u r t h e r  correlate ~ 

dorar k + e n  patient# c a p e n s a t i q  for tu p t i e n t ' r  r i m .  I n  g- 

. t h i r  concept the tr& d f p e n t i ~ a r  are em-d;d 4 t h  the  body val& -, 
f o r  the limbs in orde r  to obtain t h e  f l u 1  meraga dooe (8wrr.ge 

dose f o r  t he  limb8 found by t ak ing  21/40 of the  l a t e r a l  dimension) 

f o r  the whole body h e e d  on the  l a t e r a l  t runk  dimension. From the 

body weight and the  average dose,  t he  i n t e g r a l  dose expressed i n  megagram-rads 

i s  determined. We have done t h i s  by computing new curves f o r  t he  

d o 8 h t T p  & * h o l e  bod7 x - i ~ 8 d f & t i ~ y ~  p8tient8. b w d b 8  .' 
-2 
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Cobalt 60 radiation. 

skin dose and patient lateral dimension 8nd between average dose divided 

by skin dose and the patient lateral dimtnrion for the trunk only 

and alro for the limbs only. 

i n t e p a l  dose to the  patient. 

(radr) vith &rrociated intepal dose ca1cul8tionr for fairly atrm 
patitat r l u r  (wightr md later81 dimnoFaPr) in tbe vaiour daat p a a p r .  

These a r e  curve8 which rhow reletionehlps between 

With thio technique we have computed 

Table in rlide 8 prerents ridline dote 

we sound it rmmviut convenient (ri&tly or vrotqlp) t o  t a l k  
Ln t.rmr of integral dore in a t t a n p t i q  t o  coarpue ioaa of the port- 

irradiation 8pdrc?m@8, 

rymptoms following whole body irradiation in human cancer patients. 
The regression curve for this data provides some information as the 

stimulus (prodromal symptoms) at which a proportion of an irradiated 

population would be expected to respond. 

Slide 9 gives the frequency of prodromal 

Of particular application fo r  integral dose was to attempt to 

correlate poet-irradiation symptoms for whole body and partial (half) 

body irradiation (slides 10 and 11). 

In the presentation, I have included the terms air exposure, tissue 
exposure, tissue absorbed dose, average dose, and finally integral dose. 

The predicament is that all of these terms have been for dosimetry 

expression in total body irradiation studies. 

that an expression for doee etandardizatlon is needed, we are unsure as 

to how thie can be approached. The ixnediate need i r  a standardization 

of the air exposure ktween the vuiour  centerr. 
detailed patient description io made, ve MY be better prepared to 
make the trawition to o w  rtandard terrinolom i n  the future. 

Although all of UB realize 

If thie i e  done and 



February 22, 1967 

CINCINNATI GENERAL HOSPITAL IRRADIATOR 

Primary interest of the University of Cincinnati group is to study the 
metabolic effects of ionizing radiation in humans and midline doses of 

the order of 25 to 200 rad are used. We use a single Cobalt 60 source 

housed in an Eldorado A (Atomic Energy of Canada) unit. In our set-up 
distance requirements have been minimized by placing the patient in a 

sitting position with lower extremities raised and with the head tilted 

slightly forward. The patient is thus fitted in a square area of about 

30 inches on each side (actually within the 50% isodose line). The cobalt 

60 field for total body radiation using the present source is shown in 

slide 1. From the fall off of dose rate with inverse square and the 

deviation found in this inverse square law extrapolation as the wall 

of the room is approached, the distance of 282 cm to patient midline was 

chosen. Here it is seen that the field size is approximately 7 3  by 74 cm 

to the 50% isodose line. The approximate locations of the center of 

the head, trunk, and knee areas are noted in the slide. The irradiation 

is delivered by giving half the specified exposure laterally through 

one side of the patient. The platform on which the patient is seated 

is then turned around and the other half exposure delivered laterally 

through the other side. 

Preliminary measurements made in a masonite phantom using dosimeters 

placed on lateral surfaces and at the midline of the head, trunk, and knee 

portions of the phantom are shown in slide 2 .  With the Cobalt source 

located at 282 cm. to the patient midline, which is also approximately 

56 cm. from the room wall, exposure rates were measured at points A ,  B, 
and C, at the head level and D, E, and F at trunk level, and G, I, and 
K at knee level. If the dose rates at B, E, and I are compared, it 
is seen that the maximum variation in these exposures is about 16%. 

Even though there is fall off of the exposure at the head and knee regions, 

the less attenuation of the beam by the less thickness of tissue at these 

positions tends to further equalize the exposure. 



The exposure to the patient is determined as follows: 

The percentage depth dose at a tissue depth of half the lateral 

dimensions of the patient for a 400 sq. cm. field area and a source-skin 

distance of 80 cm. is given. Depth dose at the greater source-skin 

distance used for the patient was found by multiplying this depth dose 

by the so-called F factor postulated by Mayneord and Lamerton. By 
using the corrected depth dose at the patient midline (1/2 lateral 

dimension of the trunk) and the conversion ratio of . 97  rads per 
roentgens for the Cobalt 60 gama radiation, surface exposure was 

then calculated. Dividing by the backscatter factor gives the air 

exposure at the position of the surface. Air exposure at mi-dline 

required to give the desired midline dose in rads. This is in essence 

for the distances involved here the same as using the tumor-to-air 

ratio; that is, using the tissue exposure to air exposure at location 

of tissue as the ratio for obtaining the air exposure at midline. 

It is realized that the assumption made here is one of uniform 

tissue attenuation. A l s o  the possibility of some deviation from the 

true value by the use of the F factor extrapolation. However, a direct 

comparison of the calculated and measured phantom doses were made for 

a patient having the same lateral trunk dimension as the masonite 

phantom. The relative depth dose for each lateral exposure to this 

patient is given in slide 3. Indicated by the crosses are measurements 

made in the masonite phantom and which compare quite well with the calculated 

doses. The combined dose of the two radiation fields is also given in 

this figure and shows a good homogeneous distribution through this patient 

(+ 8% variation). In slide 4 the maximum variation in lateral dose 

distribution is shown for the extreme lateral dimensions for the patients 

in the total body study, Minimal lateral dimensions is 24 cm. and a 

maximal lateral dimension of 36 cm. For the 24 cm. lateral dimension, 

a maximum variation in dose is - 3%, whereas it attains a value of + 11% 
for the patient having the 36 cm. lateral dimension. This check has 
also been made recently with the Alderson Rando Phantom and Lithium 

Fluoride with the same good agreement. 
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As an additional experimental check of the radiation exposure 

conditions, ion chamber dosimeters were placed in our early experiments 

(now we use lithium floride dosimeters) on lateral sides of the trunk, 

head, and knees of patients during exposures. 

general, agree quite well with the calculated values for these positions. 
These readings do, in 

We have also performed some partial (half) body irradiations. 

Slide 5 indicates results of measurements made with lithium fluoride 
to determine the exact field size. For the 50% isodose line, a field 
size of 37& cm. by 73% cm is given. 
point on the trunk that determines the uppor or lower edge of the 

beam. This choice of the xiphoid results in 58% of the body being 
irradiated for partial (lower) body as compared to 42% of the body 
for partial (upper) body irradiation. Measurements were also made in 

the Alderson Rando phantom using lithium fluoride to determine the 

fall off of the beam beyond the 50% isodose line. Slide 6 shows 
relative doses for Cobalt 60 partial body (upper) irradiation as 

measured with T1 100 powder at the center of the Alderson Rando phantom 

using lateral radiation. The dose drops off appreciably here and it 

reaches a level of a few percent at 4 to 5 inches below the edge of 
the beam. For the lower half irradiation, (slide 7), the exposures 

at the head level are in the order of one to l%%. 

The xiphoid was chosen as the 

The approach given above attempts to compensate to some extent 

for the different lateral dimensions of the patient by giving the same 

midline absorbed dose in rads. However, the integral doses for these 

patients may still be different. 

report written by W.K. Sinclair and by Art Cole on the technique of 

dosimetry for whole body x-irradiation of patients. 

concept of average dose was used in an attempt to further correlate 

doses between patients by compensating for the patient's size. 

this concept the trunk dimensions are compounded with the body values 

for the limbs in order to obtain the final average dose (average 

dose for the limbs found by taking 21/40 of the lateral dimension) 
for the whole body based on the lateral trunk dimension. From the 

In the School of Aviation Medicine 

Mayneord's 

In 

body weight and the average dose, the integral dose expressed in megagram-rads 

is determined. We have*done this by computing new curves for the 



Cobalt 60 radiation. 
skin dose and patient lateral dimension and between average dose divided 

by skin dose and the patient lateral dimension for the trunk only 

and also for the limbs only. With this technijue we have computed 

integral dose to the patient. Table in slide 8 presents midline dose 

(rads) with associated integral dose calculations for fairly extreme 

patient sizes (weights and lateral dimensions) in the various dose groups. 

These are curves which show relationships between 

We have found it somewhat convenient (rightly or wrongly) to talk 

in terms of integral dose in attempting to compare some of the post- 

irradiation syndromes. 

symptoms following whole body irradiation in human cancer patients. 

The regression curve for this data provides some information as the 

stimulus (prodromal symptoms) at which a proportion of an irradiated 

population would be expected to respotld. 

Slide 9 gives the frequency of prodromal 

Of particular application for integral dose was to attempt to 

correlate post-irradiation symptoms for whole body and partial (half) 

body irradiation (slides 10 and 11). 

In the presentation, I have included the terms air exposure, tissue 
exposure, tissue absorbed dose, average dose, and finally integral dose. 

The predicament is that all of these terms have been for dosimetry 

expression in total body irradiation studies. 

that an expression for dose standardization is needed, we are unsure as 

to how this can be approached. The immediate need is a standardization 

of the air exposure between the various centers. 

detailed patient description is made, we may be better prepared to 

make the transition to some standard terminology in the future. 

Although all of us realize 

If this is done and 


