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TECHNIC AND DOSIMETRY FOF! WHOLE-BODY X-IRRADIATIIQN OF PATIENTS 

STATEMENT OF PROBLEM 
There is no general agreement as t o  the most 

desirable q u a n t i t y  ‘ro specify as the “dose” 
when whole-body radiation is delivered under a 
variety of conditions, Consequently, thei-e i s  a 
good deal of unccrtainty a s  to whe the r  or not  
a specified dose i n  one institution is t h e  same 
8s char given i n  another insritution. The air 
dose measured at a given point where h u m a n  
or anima! bodies ma!; be placed i s  a clcfiniiie 
quantity, bur che integal dose t o  the animal or 
human w i l l  vary according to che shape and 
neigh! of the body. I C  is :vidcnt char we cannot 
accurately compare che cffecrs produced i n  
animals and  h u m a n s ,  or even i n  different human 
beings, by means of either the air dose or the 
integral dose est imated under such circum- 
stances. #‘e would not, for insrancc, consider 
that a v e r y  large man placed at a point where 
2OOr might be measured in air experiences a 
m u c h  greater effect because t h e  integral dose 
to his body is much greater t h a n  chat of a man 
only half h i s  weight. Ideally, for specification 
purposcs we aould like to arrange the exposilre 
circumsrances so t h a t  every cell in the body 
would receive the same dose. By suitable 
experimental design i t  1s possible to do this 
with many whole-body animal studies and it is 
possible to approach it with human irradiation. 
Since i t  represents the integral dose divided by 
the weight o€ the animal, t h e  r e su l r ing  &is@ 
could be called the specrlic irt!cgril d o s e ,  or 
simply rhe u t w n g e  dose or m e u n  d o s e .  The 
specific integral dose or average dose would be 
measured in gram r a d s  per gram or simply in 
rads, I t  seems to me (hat  the term auerclgc dose  
is s i m p l e  and adequate and consequently that 
tccm w i l l  be used throughout  t h i s  rext, 

Ue could plan both  animal and human whole- 
body radiation studies on t h e  basis of average 
dose. To o b t a i n  such a dose it  Is necessary 
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c o  know the air dose that m u s t  be delivered at 
a certain point and to  know the manner in  which 
the subject should be irradiated w h e n  placed 
a t  char point. This could be accompiiskd by 
hl a y n e or tl ’ s p r ix e d  u re for e s t i mat i n g t h 1: i nt egr a I 
dose a s  a furict.iim of the weight and shape of 
r h e  human body. The concept of average dose, 
tlowever, has no general accepiance w i t h  regard 
co exposures t o  which h u m a n  beings may be 
liable. In many practical circumstances i n  
cxtcndecl radiation fields, for example, t h e  dose 
t h a t  is most converiiently specified is char dose 
which ixould he measured by an ionizarion 
chamber at a poi.nt where the human being m i g h t  
be placrd -that .is, the a i r  dose ,  For instance, 
i f  the dose rate a t  a given point in the field 
around a nuclcai: bomb was 200 rhour  as 
ineastired with an ionization chamber, a person 
p l a c e d  that  poinr for one hour would receive 
an exposure of BOr. I n  actuaI fact, under most 
circumscances, the average dose would be 
perhaps a little niore than half of [his value. 
Thus, we should distinguish clearly between 

whole-body cxlpoStlte, meaning air dose (in 
roentgens) at the point, and  whole-body dose, 
meanink averahe dose (in rads). 

The (question nalw arises a s  to the manner in 
which the meail Ilshal dose for h u m a n  beings, 
or for animals fix that mat te r ,  i s  specified. 
There i s  a good deal of confusion on this point. 
I a m  u n c e r t a i n  :IS to the basis for t h e  present 
h u m a n  mean lethal dose, but  it seems likely t h a t  
i r  was derived from the: dose that a person might 
have received at Hiroshima or Nagasaki ac a 
particular poinr i n  a radiition field. This corre- 
sponds to the oir dose at t h a t  point. At the 
present lime, therefore, it probably would be 
nlore useful to specify t h e  whole-body exposure 
in terms of t h e  air. dose measured at the midline 
point of t h e  h u m a n  patient. From c h i s  value w e  
could ,compute the  average dose which would 
a l low US to Compare t h e  radiation effects in- 
duced in one patient w i t h  those occurring 
i n  other hnm;nn beings-even in persons of 
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substantially different size -and in animals. 
It should be recognized that the average dose 
appears to offer t h e  only satisfactory correlation 
between one species and another. Perhaps some 
of t h e  confusion surrounding LD, values, par- 
ticularly i n  larger animals, will disappear when 
the average dose is specified for each of the  
circumstances. 
Relation between whole-body exposure ond whole- 
body dose 

Suppose we have irradiation circumstances 
io which the radiation field varies only very 
slowly in intensity, so slowly that the variation 
over the dimensions of the human body is 
negligible (in effect, infinite focal skin dis- 
tance). The air dose or whole-body exposure 
can be measured with an ionization chamber at 
a given point P at which the midline of the 
patient will subsequently be placed. However, 
if the dose i n  the medium i s  donvarying, the 
position of P i s  quite uncritical and t h e  air 
dose at the midline i s  the same a s  the air dose 
at the surface of the body. Consequently, the 
sk in  dose at the surface i s  the measured air 
dose multiplied by the backscatter factor. Alter- 
natively, in  some circumstances ‘the sk in  dose 
might be measured directly under appropriate 
backscatter conditions. The average dose in 
the body may be found by multiplying the air 
dose at the point by the backscatter factor and 
then by Mayneord’s estimate of t h e  average 
dose factor for t h e  body ( 1 ,  2, 3). The integral 
dose may be estimated from this by multiplying 
by weight in grams. 

If the field i s  varying, for example, according 
to the inverse square law (in circumstances 
where the focal to point distance / i n  an x-ray 
irradiation is not infinite), then the whole-body 
exposure (air dose) is measured af P and the 
patient placed so that P i s  at the midline of the 
patient. The skin dose at a point A closer to 
the t u b e  than  P by half the lateral dimension of 
the patient, a, is obtained by the  air dose at 
P multiplied by ( I - ~ )  times the backscatter 
factor. Fhen this skin dose i s  multiplied by 
Mayneord’s mean dose factor and by the FSD’ 
correction to the mean dose factor, t he  average 
dose is obtained. Again the integral dose may 
be obtained by multiplying by t h e  weight in  
grams. 

-.iJ 

‘ F O C P ~  d i n  distance. 

Mayneord’s mean dose factor varies, of course, 
with t h e  dimensions of the patient, but for a 
given s e t  of circumstances the value of f will 
usually be constant and the relationship between 
the  average dose and the measured air dose 
at P can be set  down in tables or graphs. To 
determine the average dose, then, the  only 
measurement required would be the air dose 
at P. 
Effect of wall of trootmw~t room 

In any  practical circumstance i n  which x-ray 
whole-body irradiation is used, there will gen- 
erally be a wall close to the patient since i t  
is usually necessary for f to be large in  order 
to provide a large enough field. This wall will 
complicate t h e  situation (1) because i t  provides 
a backscattering contribution to the measured 
air dose at P, and (2) because the backscattered 
radiation from t h e  wall may  provide a small 
contribution to the average dose in the patient. 
The more serious error will probably occur in 
t h e  measurement of the air dose at P. It  m a y  
be desirable i n  some instances to measure t h e  
s k i n  dose at t h e  surface point by using a 
phantom of wax with a chamber mounted on it, 
but this measurement of the skin dose will not 
be independent of the backscattered radiation 
from the wall unless maximum backscatter 
alreadEoccurs at the point of measurement. This 
may be the case for AP irradiation, but i s  not 
the case for lateral irradiation; consequently, 
i t  i s  preferable to determine the relation between 
air dose at f and t h e  skin dose at the  surface 
experimentally for each set of irradiation cir- 
cumstances. In most cases a n y  contribution from 
the wall during the actual irradiation will be 
negligible if the patient fills most of the 
field area. 

1 

d 

WHOLE-BODY X-IRRADIATION AT THE 
M. D. ANDERSON HOSPITAL 

The procedure followed at the AI. D. Anderson 
Hospital has been to measure the air  dose rate 
at a particular point P where t h e  midline of the 
patient will be placed. In specifying the air 
dose, the backscatter contribution from the wall 
is ignored initially but considered later. The 
irradiation is given by delivering half t h e  
specified exposure (based on air dose rate at P) 
laterally through one side of the patient. The 
patient is then turned over and the other half ex- 
posure delivered laterally through the other side. 
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Meorutement of skin dose 
D u r i n g  these exposures, condenser c h m b c r s  

are piaccd in the mid-axi l lary  line ol the arm!;, 
rncasurinp on one side the cntrancc d a s e  and o n  
the orher side the e x i t  dose. In general the 
exposure has  been given i n  a series of steps 

( three t o  each h;ilf:l so that thc chamber meas- 
uremcnts can be made. The chambers give fa ir ly  
reliable comparative results between one an- 
other, but their calibration and sensiriviry w i t h  
rl::;pect to V ~ C I O ~ ~ C I I S  may change w i t h  tinre. 
The sensitiviry is checked from time to time 

t'ABLlZ I 
Dosimetry  data of 3 7  putientz  who receitvd n nl:minul  dose of ,700 r whole-body x-irradiation 

Exposurr was performed under the followinis conditions: Gcnrrd Electric Maxition, 
250  kv., 3 mm. C u  HVL, 30 mr, maximum; apCroximote dose rare rr 105 cm., 5.5 - 4  r/min; 
FSD, rppr,ximarcly 190 em; midl ine  id prrtient, 205 cm; mean average d o s e  of the 
3 )  pncicnts ,  l3O.l-+4.8 rads; m a n  integra! dose, 8.06-L 1.23 mcgrgr:irn rads. 

Paticnt 

c 

1 
2 
3 
4 
5 
6 
7 
8 
7 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22  
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 

--- 
L a  t cr rl 

d irn en s i on 
dimctcr  

(cm.) 

34.5 
3 4 . 5  
3065 
3 1  
34 
33 
31 
31 
31 
3 3  
35 
32 
3 1  
32 
34 
30 
28 
33*5 
30 
32 
30 
2 3 , 5  
30 
33.5 
27 
40 
32.5 
3'5.5 
35 
32 
3 1  
32  

29.5 
36 

-7- 

28 

-- 
AOdY 

w e i g h t  
(kR.1 -- 
53.3 
59.0 
62.5 
56.5 
55.7  
6 1.2 
57.5 
71.3 
46.0 
69.0 
91.0 
67.0 
$7.4 
54. I 
72.0 
63.2 
5 2 . 3  
62.8 
63.3 
58.8 

44.2 
66.7 
71,5 
55.4  
88.8 
62.2 
64.9 
65.4 
, 8 . 4  

53.3 
50.8 
51 .3  
76.8 
66.2 

47,s 

-?-I 

I__-- 

12l5.8 
125.3 
132.2 
131.4 
126.6 
128.0 
119.6 
131.4 
13 1.4 
lIS.0 
1?5.2 
I??, 6 
131.4 
129.0 
126.0 
133.2 
136.8 
127.2 
133.2 
1?9.6 
r33.2 
146.0 
133.2 
127.2 
138.8 
118.4 
128.8 
134.4 
125.2  
113.6 
131,4 
123,G 
136,S 
134.0 
123.0 
---I 

--- 
'Variation 
( per cci? I 1 

f 2 1  
2 2 1  
i 15 
5 16 
t 20 
I 19 
f 17 
?: 16 
5 16 
2 19 
5 2 2  
t 17 
? 16 
i- 17 
t 20 
,+ I 4  
f 11 
5 19 
i 14 
t 17 
t 14 
+ G  
2 14 
2 19 
2 10 
f 32 
f 18 
2 2 3  
f 22 
$ J7 
3 16 
t 17 
f 11 
f 14 
f 24 -- 

6.73 
7.42 
E. i7  
7.44 
7.05 
7 .  ti 3 
7.4J 
9.47 

8.83 
11.40 
8.158 
7.55 
7.0 1 
9-11 

h.05 

~ 

6.03 
6.80 
7.66 
6.77 
6.45 
7 -08 
6.67 
8.4 1 
5.57 
7.43 

10.40 
7 . 8 3  
6.7 1 
6.44 
7.55 

1 

i 
1 
j 
1 
I .  

$ 

1 
1 

8.44 7.44 
7.15 6,46 
8.00 7.19 1 
8.44 7.19 
7.62 6.77 
6.64 S . 9 0  
6.45 6.58 
8.70 7.75 
4.10 8.45 
7,68 7.11 

10.52 9.08 
7.99 7.03 
R.08 7.35  
3,19 7.70 

110.0 1 7.45 
7.0 I 5.59 
6.59 5 . 5 5  
7.02 6.9 1 

10.28 9.36 
a. 18 7.58 

4 
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o i s r w c  m o m  *-UT wuacc i. P 

FIGURE 1 
Eilect oi backscatter, caused by  a wall at 240 tm 

distance itom the x-ray source, on the inverse square 
relationship between dose rate and target distance. 
The straight line represents the inverse square law, 
while the open circles denote measured values. 
Increasing d e v i a t i a  of the experimental values from 
the IUW occuis as the scattering wall is approached. I 

- YEASURED CURVE 

----THEORETICAL CURVE 
( INVERSE SOUARE LAW) 

I -\. \ 

3 I .  , % I  - 
150 180 '? .. - '  210 240 

OlSTANCE F R O Y  X-RAY SOURCE in  em 

FIGURE 2 
Relationship between dose rate and target distance; 

the backscattering wall i s  located at 240 cm. 

4 

and some variations have been shown. The 
average dose and the integral dose may be 
estimated using the forward skin dose as the 
s u m  of both entrance doses determined by these 
chamber measurements. The exit dose is ignored 
in the calculation and served only as a check 
that t h e  wall backscatter is very small since 
the exit dose agrees rather well wi th  the ex- 
pected depth dose. The skin dose is then used 
w i t h  the mean dose factor and the FSD cor- 
rection co estimate the integral dose in  gram 
roentgens (3). This means that t h e  average 
dose and integral dose are determined inde- 
pendently of the air  dose measurement. Sub- 
sequent experiments indicated that i t  would be 
preferable to base the average dose and integral 
dose determinations on t h e  air dose at P and 
to use the condenser chambers only a s  a 
check. This procedure is followed in the final 
dose specification. 

Positioning od irrodiotion of patient 
The unit used for these irradiations i s  a 

G. E. Maxitron operated at 250 kv. with a 
Thoraeus I11 filter providing an HVL of about 
3.0 mm. of copper. The tube was used without a 
diaphragm and the beam aimed horizontally at 
a wall 240 cm. away. The area of the beam at 
the wall was a circIe of approximateiy 120 cm. 
diameter. The patient w a s  placed in a sitting 
position within the beam, slumped over so that 
the individual occupied about half of the b e a m  
area. The midline of the patient was at approxi- 
mately 2 0 5  cm. and all air dose measurements 
were made at approximately 205 cm. 

The variation of air dose with distance from 
the  tube in this arrangement was subsequently 
determined using a 25 r Victoreen cham er nor- 

used throughout the calibration procedures are 
based on NBS calibrations). The curve in 
figure 1 indicates the departure from inverse 
square law a s  the chamber approaches the wall 
and backscatter from the wall becomes a con- 
tributing factor to the measurement. It  i s  clear 
that at 205 cm. there is an error of approximately 
5.5 percent i n  the air dose determination d u e  
to backscatter from the wall. If i t  can be 
assumed that the patient subsequently shields 
t h e  wall from the beam, then the true air dose 
at the midline of the patient is actually t h e  
nominally specified value less  5.5 percent; thus ,  
a nominal dose of 100 r is actually 94.5 r a n d  

a 

mally used for calibration purposes(al1 c $ ambers 
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o n e  o f  200 r is 139 r. Furthermore, ~t lis possible 
to obtain f r o m  figuire 2 the air  dose at the 
surface disrsncc for a n y  given value ol' d, the 
hall-lateral dimension. For values of jg of 15 cm. 
or more, t h e  contribution of t h e  wall backscatrer 
ro the air dose is negligible, To obtain the skin 
dose, the value for the air dose at t h e  correct 
distance is raken from the graph (fig. 2) and 
mulriplied by t h e  backscarter factor. 
Megruremcnt of the backscatter factor 

The cross-scctiorral area of the trunk is 
approximatciy 1,200 cm.a A c c o r d i n g  t o  Johns 
(4,  p. 89) ,  the backscatter factor for 3 rnm. Cu 
HVL and an area of 400 cm.' is 1,,31:L I f  i:hc 
various factors for 3 mtn. Cu HVL arc' plotted 
against area, the backscatter is f s u n d  to i n -  
crease to a value of about  1.36 ac 1,200 cm.' 
Xfeasurcments made wit ;?  t h e  Bornkc ionization 
chamber vcry  close to the surface of a Rater 
phantom and i n  air yield a backscat ter  fnccor 
of 1.36. h!e;.lsurements at  the surfa'ce of ii flat  
wax phan tom of approximately 1,200 mi,' v:irh 
t h e  chamber embedded in the wax phanrom were 
made w i t h  bo th  the Vicroreen 25 r Iehamber and 
condenser chambers, and yielded backscatter 
factors between 1.33 and 1.35. In  the Boiake 
measurements no increase above t h e  1!,200 cm.' 
was observed. Consequently, a backscatter 
facror of about 1.35 to 1.36 is about maxiilium 
for this qua l i ty  of radiation. However, in the 
lateral irradiation, the backscatter facror may 
w e l l  be less because of the curved narure of 
t h e  surface cxposed to t h e  beam and because 
the 1,200 cm.' is a c t u a l l y  the effective area of 
t h e  f i e l d  at  the midline, but  not at the surface. 
Measurements yere therefore undertaken, using 
condenser chambers ac the curved surfac'e of 
a hlasonite phantom made in. t h e  shape of ZI 

chest and approxim,ately under the conditions of 
a normal lateral irradiation. These yielded 
backscatter of 20 percent rather than 35 percent. 
Consequcnrly, the skin dose at an): given value 
of a,  the half-lateral dimensions, can be found 
by taking the air dose value from figure 2 and 
mult iplying by the curved surfncci backscatter 
factor, 1.20. This facror may vary a little w i c h  
t he  sire of chest and the shape of the lateral 
w a l l ,  but an average value of 1.20 has been 
used throughout. T h e  condenser chamber, in 
t h e  practical irradiacion, was rarely in t h e  
position of maximum backscatte:r and cons+ 
quencly n;ight be expected to read l o w  values. 
In  figure 3 t h e  rcsulrant values of skin dose 
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per  100r (nominal) delivered i n  air at midine are 
Iplotted <a,qainsc lateral #dimensions of the patient. 
Meorurcrncnt of depth dose distribution 

Depth dosc rne::isuremen(s were made w i t h  a 
Romke dosiincl:tx in a maximum backscatter 
phanrorri; [he pharilom had an area of approxi- 
mate ly  1,200 cm.' and was filled with water. 
This yielded r h e  depth dose curve shown in  
figure 4. The measuremencs w e r e  raken w i t h  t h e  
phantom replacirig the patient close to  the wall, 
bu t  even at the i;;reater depths no iriflucnce of  
[he wrll was noticed in the measurerncnts. 
Consequently this factor c m  be ignored in t h e  
actual irradi:uicm (of the patient, This depth dose 
curve w i l I ,  hovievcr, not represent the actual 
s,ituation in the patient close co the fron; surface 
exposed to thc I:)earn, because there :he skin 
dose is about 11 percent less, as w e  have 
cilrcady seen. . I t  appreciable dcprhs in the 
paticnr's trunk., the depth dose w i l l  be sub- 
:jtanrially the same  A S  .chat  indicated here. 
L'nforrrinntely t h i s  accual situation C O U ! ~  not be 
rnensurcd dirrectl) at 1:hi.s time because no c h e s r  
phantarn in water, through which rhe chamber 
could be moved, was available. However, t h e  
depth dose is required, at this poinr, only to 
check the  approximate value of 11 co be used for 
this quality of radiation. Mayneorc's graph 
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0 ;  I I . I .  I 1 
0 10 20 30 

DEPTH IN em 

FIGURE 4 z 
Percentage depth dose caused by x-radiation of 

250 kw., 3 m m  Cu HVL, 190 cm. FSD,  and a iield of 
approximately 1,200 crn a Measurements were made 
with a small ionization chamber probe (8omke)  and 
a water phantom. 

!i I \  

FIGURE 5 
Average dose per unit skin dose 

p the product of the linear 
and the half-lateral 
derived the values from the fonnula for the average 
dose for rm ellipse US quoted in the text. This  graph 
bas been plotted from Mayneord's calculations 

. (3, p. 362, table 2). 

(3, fig. 6) yields a value of p of 0.053 cm:' for 

curve of figure 4 corrected for distance, is . F 3 mm. Cu HVL. The value from the depth dose 

0.063 cm:' If the  backscatter at the  surface 
is lower, a s  w e  anticipate, the value should 
actually be less. Mayneord's values were de 
termined under better conditions in this respect. 
Consequently a value of 0.055 cm:' for p has 
been assumed throughout. 

Application of kyneord'r  concepts 
Mayneord (3) presents most of the material 

used in t h i s  analysis. The integral dose in  an 
ellipse (3, p. 362) is equal to nabDo [1.000- pa + 
0.625(pa)'-0.292(pa)'+0.10~(pa)4-0.0343(pa)5+- .. 1. 
The bracketed quantity is the average dose and 
Mayneord gives values (3, p. 362, cable 2) for the 
average dose against pa. For convenience this 
has been plotted in  figure 5. 

If w e  now take the value of p,  equal to 0.055, 
a s  proposed above, the value of average dose 
for different values of lateral dimensions ( 2 a )  
can be plotted a s  shown in figure 6. These 
values are for the  trunk only. This graph has to 
be carried on to about 40 cm. because the lateral 
dimensions are greater than the anterior-posterior 
(.qP) dimensions for which Mayneord did most 
of h i s  work. I t  may be noted that his formula 
(3, p. 362) applies equally well to lateral inadi- 
ation, provided that the proper major-minor axes 
are used and that there i s  exponential decrease 

2. 

0.3' I I I 
20 25 30 35 40 

LATIRAL DlYtNSlON IN em 

FIGURE 6 

Relation between average dose per unit skin dose 
and lateral dimensions (trunk). This curve is derived 
from that of figure 5 using the values p=O.O55 cm" 
( s e e  text). The curve will apply to the trunk on13 , 3 
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oi dost  w i t t i  depth. This i s  approximately true, 
a s  we h a w  d r c a d y  seen. The values for the 
trunk mus t  now be compounded with the values 
for thc l imbs  in order to obtain  che f inal average 
dose, In hfayneord's work che limbs have been 
taken on rhe average, as ' I/tQ of rhe AP dimen- 
s i o n s ,  but rhe lacera1 is about '4 times larger 
than t h e  AP d i m e n s i o n s .  Therefore the  l imbs  
should be taken as of the lateral, or just 
abour half. Consequently w e  can plot  t h e  average  
dose for the l imbs b'y caking 'I/,, of cht! lateral 
d i m e n s i o n s  and u s i n g  hlayneord's v a l u e s  (3,  
p. 363, table 4). S e e  figure 7. In order co get the 
whole body average dose we n o w  take % of the 
trunk value, I,; of chc l i m b  v a l u e ,  for a particular 
lateral dimension, and d r 3 w  a new graph (fig.  8) 
for t h e  average dose for the whole  body a g a i n s t  
the lateral dimensions. These values; w e  fo r  an 
i n f i n i t e  focal s k i n  distance a s  detcrniined f r o m  
3 f n J m o r d ' s  darn, For the a v e r a g e  focal skin 
d i s i a n c e  used in rhese measurements ,  110 cm., 
[hey should &e modified by a factor provided by 
.\fayntord ( 3 ,  p. 364, fig. 4), yielding tor 190 cm. 
a factor of  0.91. This concction is indicated 
also in figure 8. Conabining this graph aith 
figure 3, indicating t h e  s k i n  dose for 100 r 
delivered a i  205 cin., yields a f i n d  kmph 
(fig.  9 )  of  t h e  average  dose per nominal 100r 
in air ar 2 0 5  Cm. Using t h e  factor, 0.97 rads per 
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FIGURE 8 

R a l s f i o n  6etuvet1 mcrnqc dose per unit skirt dose 
aed Itaterat dirnerrsizins ( u 4 o l e  body), U s i n g  the duta 
of figvrln 6 and ,figure 7 and rhc fact t h i r  tbc trunk 
rc',5rcscrirs % and !he limbs 'A O/ the total body weight, 
this cutwe is tfcrit:ed /or the ybote body. T h e  valrrcs 
rcprcsunled in /iI$u:bdes 6 and 7 w e  sfrictly correct 
JOT inj ini te  focal skipi distance only; /or u dislnnce 
0,1 190 cm. a lac'tor of 0.91 should be applied 
!hrougbout, This has been done /or the v d u e s  
represenred in figure 8. 

F I G U R E  9 

Graph sbouizng the amrage dose in rads as a 
/unction o/ Ibe h t w r a l  dimensions, Conibitisrion o/ 
the resulzs o/ / igure 3 with those o/ f igure  8 enables 
the average dose in roeritgens to be exp.*esscd as a 
function of lizterdl dimcinsions, Appiica!ion of thc 
f d C l Q 7  0.97 rads pgr I . O t  for this vitality of rudiatzon 
enables thr vulucs in i i g w c  9 to  be expressed in rads. 

7 
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roentgen ‘for t h i s  quality, we  are able  to show 
in figure 9 also the  average dose in rads as a 
function of the  la te ra l  diameter. T h e  final 
integral  d o s e  c a n  be obtained directly, knowing 
t h e  pat ient’s  la te ra l  d iane ter ,  b y  taking t h e  
average d o s e  from figure 9 and multiplying by the 
weight in grams, giving t h e  answer in  granrrads.  

Variation in average dose 
It  would be desirable  to have some estimate of 

the  variation of dose throughout t h e  body. T h i s  
could be expressed  as a percentage variation 
of t h e  averaRe dose.or a l ternat ively i n  the form - 
of murimurn or dose.  T h e  former is t h e  
more convenient.’ff?!: take a typical  example, 

average 

with 2a t32.5 cm., two parallel  opposing depth 
d o s e  c u r v e s  (fig. 4) will  yield the central  a x e s  
distribution shown in figure 10. T h i s  graph 

i 

I I I 

0 10 20 30 
OEPTn IN TRUNK I N c m  

FIGURE 10 
Graph showing the variation in dose across the 

trunk The effect of delivering half the irradiation 
though each of two parallel opposing lateral lields 
i s  shown. The maximum and t& minimum doses are 
about 20 percent above and below the average dose. 
Tbis variation i s  greater for larger lateral dimensions 
and less for smaller lateral dimensions. 

8 

probably represents  a greater variation than  
would be found with a depth d o s e  for the  actual  
s i tuat ion in  the .body which h a s  a smaller value 
of p. T h e  variation of the  maximum and minimum 
doses above and below the  average is of t h e  
order of 18 to 20 percent. Plot t ing ocher such  
dis t r ibut ions for other va lues  of 2a y ie lds  t h e  
curve of figure 11, showing percentage variation 
i n  the  average dose as a function of 2a. Even  
with t h e  la rges t  pa t ien ts  i t  is s e e n  chat the  
variation d o e s  not exceed  230 percent and for 
most pa t ien ts  the  variation is only about 15 to 
20 percent.  

Comporiron of meorund and calculated skin doses 
T h e  condenser  chamber measurements of en- 

t rance dose yield va lues  which (even when 
corrected for a n  ear l ier  error in calibration) are  
a small percent lower than expected from the  
air  dose determinations and the est imate  of 
skin dose.  T h e  difference is due (1) to poss ib le  
higher temperature condi t ions on the skin of t h e  
patient,  (2) to the fact  that the chamber is rarely 
at the posit ion of maximum backscatter,  and 
(3) to t h e  fact that t h e  midline of the  patient 
may be slightly farther away from the tube than 
t h e  point of air  measurement, 205 c m .  An error 
of more than 5 cm. in  t h e  positioning is consid- 
ered unlikely, however, and t h i s  will give r i s e  
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FIGURE 11 
Graph showing the percentage variation in average 

dose as a function of the lateral dimensions. The 
variation in the dose becomes greater as the lateral 
dimensions increase ( see  legend to figure 10). 
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inregral dose is then chis average dose multi-  
plied by the weight of the individual. The 
variation in  aVer;39" dose is taken from figure 11. 
'This proccdure h a s  been followed i n  making up 
rhc tablc ora the dosirneiry of all paticncs 
irradiated at a nominal uir dose of 200 r. 

to an error ot no more than 3 perccnr in the m e  
air dose co chc midl ine .  Furthermore, (tie vari- 
ations and general unreliabiliry of chis cype of 
condenser chamber, a s  coinpared wi th  the sterrtli- 
ness of the exposure mcasurcments with the 
Victorecn chamber and the consistency of rhc 
backscatter determinations w i t h  a variecy of 
measur ing  instruments ,  support the desirability 
of basing all subsequent estimates on rhe a i r  
dose determination. Therefore, while che con- 
denser chamber determinarions O C  invegral dose 
are included for comparison, rhey are regarded 
as  acting only a s  a useful experimental check 
on the air-dose determinai:ion. 

SlJMMARY 

A prescribed air dose has been delivered to 
each individual and a record of h i s  lai.eral di- 
ameter and w e i g h t  kepi. This nominal  ,air dose 
is modified by a factor of 0.945 t o  excludc ihe 
wall backscatter fromi the measuremerit and yield 
the acrual air dose. The average dase in rads 
is determined f rom rhe final graph (fig.  9) of 
average dose per nominal lOOr at 205 cm.  The 
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