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The problems involved in making a comparative study of moving field 
dose distributions are well known. The foremost of these is the need for a large 
number of comparable dose distribution data with different values of para- 
meters, such as field sizes, degrees of rotation, sizes and shapes of phantom, etc. 
Because the calculations (or measurements) involved in determining moving 
field dose distributions are tedious, several earlier works developed approximate 
methods of calculation but the procedures were still too time-consuming to 
obtain a large number of dose distributions. Another problem has been that in 
most cases the results obtained by different methods of calculation cannot be 
used in a comparative study owing to the different assumptions being introduc- 
ed into them. The development of the use of digital computers in the calculation 
of moving field distributions (4, 9, 15, 16, 18, 20, 21, 22, 24, 25, 27) has 
removed these problems and the effects of different physical and geometrical 
parameters on dose distributions can now be studied more completely. 

The present study of the effects of different parameters in planar rotation of 
cobalt 60 beams is based on part of the findings in a project on the study of 
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radiation dose distributions sponsored by the International Atomic Energy 
Agency (23). The calculations were carried out at the Institute of Computer 
Science of the University of Toronto using an IBM 7090 computer. The details 
of the method of calculation will be described elsewhere. 

Studies on the effects of different parameters to moving field dose distribu- 
tions in general follow one of two different approaches. One approach is to 
take the so-called ‘efficiency of therapy’ defined either as the ratio of the 
maximum skin dose to the dose at the target center (17),  or as the ratio of the 
integral dose in the target volume to the total integral dose in the body (5). 
This latter ratio is also called the ‘integral dose efficiency factor’ (3). As has 
been pointed out by FRANK ELLIS, (1959), the integral dose is not of great 
importance as long as it remains below a level between 25 and 30 megagram- 
rad. The homogeneity o f  dosage throughout the tumour, the avoidance of 
‘hot spots’ and the dose level in the healthy tissue should be of major impor- 
tance. The second approach is to compare directly the complete dose distribu- 
tion patterns, and this is the approach adopted in the present study. 

Scope of study 

Physical and geometrical parameters in moving beam therapy can be 
considered in three categories: (1) characteristics of the radiation beam, (2) 
motion of‘ the beam and (3) the characteristics of the irradiated body. The 
different parameters in each category are as follows: 

1. Radiation beam: 
Energy of the radiation* 
Field size 
Dose distributions of single stationary beam (penumbra and shape of isodose 

curves) 

2. Mo tion : 
Type of motion* 
Distance from the source to the centre o f  rotation, SAD 

3. Irradiaied body: 
Shape and size of the body 
Position of the centre of rotation in the irradiated body 
Composition of body material* 

This paper is limited to a study ofcobalt 60 dose distributions in homogene- 
ous unit-density phantoms using simple planar rotation, i.e. with the central 
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Fig. 1. Different sizes of oval phantom according 
to HAYNES a n d  FROESE'S equation. 

ray of the beam describing a plane perpendicular to the long axis of the patient, 
a motion which is also known as circumaxial moving beam (7).  Other moving 
beam techniques, such as bi-arc and bi-centric planar rotation, or conical rota- 
tion, are not included. In  this study, the three parameters indicated by an aster- 
isk (*) in the above list remained unchanged. The effects of the other parameters 
studied in this paper are based on dose distributions from measured single 
field isodose curves for a cobalt 60 beam of a 2 cm diameter source at 33 em 
from the distal end of the collimator and 75 cm from the center of rotation. 
The values of field sizes, degrees of rotation, and shapes and sizes of body 
contour (idealized) used in this study were as follows: 

1. Field sizes: 
Geometrical definition at the center of rotation 
4 x  4 c m  6 x  6 c m  8 x  8 c m  

10 x 10 cm 12 x 12 cm 15 x 15 cm 

2. Degrees of rotation: 
360°, 300°, 240°, 180" and 120" 

3. Shapes and sizes of phantom: 
Circular: 10 cm, 20 cm, 30 cm and 40 cm diameter 
Oval: (see Fig. 1) 
10 x 15 cm 15 x 20cm 20 x 3 0 c m  25 x 40cm 

HAYNES and FROESE'S (1957) equation of idealized body contour is 
r = A-B cos 2 6 

wherc A = ( a  + b ) / 2 ;  B = ( a  - b)/2; a and b are the semi-major and semi- 
minor axes of the phantom. 

In calculation of dose distributions the tissue dose at the centre of rotation 
was always taken as 100. The advantages of this are that the dose at a definite 
point is taken as thc refercncc, thus excluding any possible ambiguity, and 
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Table 1 

Distances in cm from center o f  360 degree rota:ion to various percentage isodose curves in a 30 cm 
diameter circular phantom with six dzfeerent j e l d  sizes, and ratios of these distances to the hal f je ld  

zridths 

O/ /O 

Dose 
Field sizes in centimeters 

4 x 4  6 x 6  8 x 8  1 0 x 1 0  1 2 x 1 2  1 5 x 1 5  

100 
90 
80 
70 
60 
50 
40 
30 
20 

Distance from center o f  rotation 
0 0 0 
1.4 2.5 3.7 
2.0 3.2 4.5 
2.5 3.7 5.2 
3.0 4.4 5.9 
3.6 5.2 6.9 
4.4 6.3 8.6 
5.8 8.7 12.0 
9.4 __ - 

0 
4.9 
5.7 
6.5 
7.5 
9.0 

11.7 

0 
6.1 
6.9 
7.9 
9.2 

11.2 
14.5 

0 
7.7 
8.7 

10.0 
11.9 
14.6 

Ratio qf dirtancz to halfjeld widh  
90 0.75 0.83 0.93 0.98 1.02 1.03 
80 1.00 1.07 1.12 1.14 1.15 1.16 
60 1.50 1.46 1.48 1.50 1.53 1.59 
50 1.80 1.73 1.73 1.80 1.87 1.9.5 

further that the isodose curve is then tied to the only point where a dose cal- 
culation can be carried out simply from a knowledge of the patient’s contour 
and tabled quantities, such as tissue-air ratios, I t  may be noted, however, that 
as a result, in the cases of arc rotation or in cases when the centre of rotation 
is not at the geometrical centre of the idealized phantom (eccentric set-up), 
the maximum doses in the calculated dose distributions have values higher than 
100, and will no longer always be at the centre of rotation. 

1. 
11. 
111. Center of rotation not at center of the phantom, 360 degree and arc 
rotation. 

(In addition, dose distributions of a cobalt 60 beam under other geometrical 
conditions were also calculated, and they are discussed in a further section.) 
IV. Companion of dose distributions for beams with different sizes of penumbra 
and at different source-axis distances. 

The analyses of data are presented in four sections as below: 

Center of rotation at center of the phantom, 360 degree rotation 
Center of rotation at  center of the phantom, arc rotation 
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Fig. 2. Dose profiles on a radius of a 
30 cm diameter circular phantom with 
field sizes 4 x 4, 6x6,  8 x 8, 10 x 10, 
12 x 12 and 15 x 15 cm of cobalt 60 360 
degree rotation. 

I. Center of rotation at center of phantom, 360 degree rotation 

The dose distributions of 360 degree rotation with the center of rotation at  
the center of a circular phantom are simplest and the isodose curves in such 
cases are a series of circles with a common centre at the centre of rotation. 
As long as the phantom remains circular, a change in the values of various 
parameters, such as field size, size of the phantom, etc, will affect only the 
length of radii of the isodose circles, and, therefore, comparison of different 
dose distributions may be made by simple comparing of the lengths of radii 
of different percentage isodose circles. When the phantom is oval in shape, 
the isodose curves are also oval but with their long axes at right angles to 
the major axis of the oval phantom. However, the oval pattern is less promi- 
nent for the high percentage isodose curves than for the lower ones. The 
90 yo and 80 yo isodose curves, for instance, are generally very nearly circles. 

A. Efect of j ie ld  size in  the plane of rotation. As has been pointed out by several 
investigators (1 1, 12, 13, 26), the length of the field perpendicular to the plane 
of rotation has little effect on the dose distribution in the plane of rotation. 
Only the field width in the plane of rotation is important. Our findings also 
confirmed this conclusion. In  practice the dose distribution in the plane of 
rotation for any square field can be equally used for other field sizes, so long as 
the field width in the plane of rotation remains the same. The increase of 
field width in the plane of rotation has two important effects on dose distribu- 
tions: (1) the area of the continuously irradiated region is increased, and (2) the 
doses at  points outside the continuously irradiated region become higher. 

The effect of the field size on dose distributions may be first considered by 
noting the variation of doses on any radius of a circular phantom with 360 
degree rotation. 



134 

i 

K. C. TSIEN, J. R. CUNNINGHAM AND D. J. WRIGHT 

I 1  
Y ) i  lsodeses 

2 0  

* 5 1.8 - - 
- 1.6 

- 
1 1 4  

- f I 1  

; 1.0 
Fig. 3. Ratio of distances between center of rotation and I 
the 90 "/6, 8 C  ?i, 60 "I, and 50 y/o isodose curves to i 
corresponding half field, width plotted against the half 0 8  
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The distances from the centre of rotation to various percentage isodose 
curves for a 30 cm circular phantom with field sizes 4 x 4 cm, 6 x 6 cm, 
8 x 8 cm, 10 x 10 cm, 12 x 12 cm and 15 x 15 cm are given in 'Lable 1. A 
graphical representation of the same data are given in Fig. 2. We further 
marked off the distances corresponding to half of the field width and the full 
field width from the center ofrotation on each curve in Fig. 2, and joined 
each series by a dotted line. The upper dotted line shows the variation of 
dose at the edge of different geometrical widths of the field. The dose at this 
position is smaller for smaller field widths (14). I t  is 80 yo for a field width 
of 4 cm, and 93 "/o for a field width of 15 cm. The lower dotted line in Fig. 2 
shows the variation of dose a t  distances equal to the full length of the field 
width from the centre, which is in the range o f40  yo to 50 yo for all field 
widths. Since the dose fall-off is most predominant in the region between these 
two dotted lines, we indicated this as the fall-off dose zone and noted that in 
this zone the change of dose is slower for larger fields. 

In  order to further investigate the effects of field width, the ratio of the 
distances from 90 Yo, 80 yo, 60 yo and 50 yo isodose curves to the centre to the 
corresponding half-field width were calculated (second part of Table 1) and 
plotted in Fig. 3. These data show that the ratios for field sizes 4 x 4 crn to 
15 x 15 cm vary from 0.70 to 1.03 for the 90 yo isodoses, from 1.00 to 1.16 
for the 80 %, 1.50 to 1.59 for the 60 %, and 1.80 to 1.95 for the 50 Yo. In  all 
cases, the 50 yo isodose curves are just within the boundary of twice of the 
half-field width. I t  is shown by Fig. 3 that whereas the ratio €or the 90 yo 
ircreases faster when the field-width is increased from 4 cm to 10 cm, on the 

/' I 
/ 1 I I 1  I !  

I 
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I L / F , ~ l d . w t d * h ,  Ern 

I 1  ' I  
I I 
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Table 2 

Dirtances tn cm .from center o f  360 degree rotation to various percentage isodose curves, on both major 
and minor axes o f  a 20 ;.: 30 cm oval phantom, with six different jield sizes 

*(, Field s i x s  in centimeters 

4 x 4  6 x 6  8 x 8  

Dose Minor Major Diff. Minor Major Diff. Minor Major niff. 

100 0 0 0 0 0 0 0 0 0 
90 1.5 1.4 0.1 2.6 2.4 0.2 3.9 3.5 0.4 
80 2.1 1.9 0.2 3.3 3.0 0.3 4.6 4.2 0.4 
70 2.6 2.3 0.3 4.0 3.6 0.4 5.4 4.9 0.5 
60 3.1 2.8 0.3 4.7 4.2 0.5 6.3 5.6 0.7 
30 3.8 3.4 0.4 5.6 4.9 0.7 7.4 6.4 1.0 
40 4.9 4.0 0.9 7.0 5.8 1.2 9.3 7.7 1.6 
30 6.6 5.2 1.4 9.5 7.5 2.0 -_ 10.3 - 

20 -- 7.9 - 13.0 ~~ 

~~ 

10 x 10 12 x 12 15 x 15 

Minor Major Diff. Minor Major Diff. Minor Major Diff. 

100 0 0 0 0 0 0 0 0 0 
90 5.1 - 4.7 0.4 6.3 5.9 0.4 8.0 7.4 0.6 
80 6.0 5.5 0.5 7.2 6.6 0.6 9.0 8.4 0.6 

9.3 -- 70 6.9 6.2 0.7 8.3 7.5 0.8 -_ 
10.9 - 60 8.0 7.0 1.0 9.6 8.6 1.0 - 

50 9.6 8.3 1.3 10.1 - __ 13.3. -- 

40 ~ 10.3 - 

30 - -  14.0 - 

- 

12.7 - - 

other hand, the ratio for 50 0/6 dose increases faster for field widths larger than 
10 cm. From these results we may draw the conclusion that when the field width 
is over 10 cm, the increase of the area of 100-90 94 high doses with the field 
width becomes more gradual as compared with the increase of area with doses 
in the range of 90-50 O/,. 

Similar data for a 20 x 30 cm oval phantom are given in Table 2. Irrespec- 
tive of the field width, the distance from the centre to any isodose curves on the 
minor axis is always greater than the corresponding distance on the major 
axis of the phantom. As the field width is increased, the difference between the 
distances on the two axes also increases, and this difference is more marked 
for the lower percentage isodose curves. 
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Table 3 

Distance in cm f r o m  center o f  360 degree rotation to thz 90 76, 80 and 50 :/; 
isodose curves in four differmt sizes of circular phantom zc ilh field sizes 6 x 6 cm 

and I 5  x I 5  cm 

Circular F.S. G x 6 cm F.S. 15 x 15 cm 
phantom 
diameter, cm 90 o& 80 9b 50 90 0.; 80 0; 50 "d 

2.4 3.1 - - _. - 10 
20 2.5 3.2 5.2 
30 2.5 3.2 5.2 7.8 8.7 _ _  
40 2.5 3.2 5.2 7.8 8.8 16.3 
Max. diff. 0.1 0.1 0 0 0.1 

- .. - 

-~ 

If we compare the results for a 20 x 30 cm oval phantom with those for a 
30 cm diametercircularphantom, it is seen that for a given field width, the 
distance of the same percentage isodose curve from the centre on the minor axis 
of the oval phantom is always greater than that for the circular phantom, 
whereas the corresponding distance on the major axis of the oval phantom is 
always smaller. The effects of the changes in shape and size of the phantom is 
further dsicussed in the following section. 

B. Efect of the shape and size ojf'phantoms. There have been some references to the 
effects of the shape and size of the phantom on the dose distribution pattern 
of moving beam in several papers (2, 19). Some have reported that the size of 
phantom has little effect on the dose distributions, but without any indication 
as to the magnitude of the effect. BRAESTRUP 8r MOONEY (1959), however, 
have shown that the cobalt 60 isodose distribution curves for a 32 x 46 cm 
elliptical phantom can be applied to other sizes of phantom, varying from each 
other by a fixed radial increment in all directions, such as 28 x 42 cm, 24 x 38 
cm, 20 x 34 cm and 16 x 30 cm. 

In  the present study, dose distributions were calculated for eight different 
phantoms: 10, 20, 30, and 40 cm diameter circular phantoms, and 10 x 15 
cm, 15 x 20, 20 x 30 and 25 x 40 cni oval phantoms. The distances from the 
centre of rotation to the 90 "/b, 80 yo and 50 yo isodose curves for field sizes 
6 x 6 cm and 15 x 15 cm with 360 degree rotation for the shapes and sizes 
of phantoms mentioned above are given in Tables 3 and 4. It may be seen from 
Table 3 that irrespective of the field size, the change in the distance of the 90 yo 
and 80 % isodose curves to the centre does not exceed 1 mm when the diameter 
of the circular phantom is increased from 10 to 40 cm. 
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Table 4 

Distances in cnz from center of 360 degree rotation to the 90 ? A ,  80 06 and 
50 04, isodose curves, on both major and minor axes in four dzferent sires of 

oval phantom, with$dd sizes 6 x 6 cm and 15 x 15 cm 

Oval 90 1; 80 04 50 "4 
phantom 
cm Minor Major Minor Major Minor Major 

Field sire 6 x 6 cm 

10 x 15 2.5 
15 x 20 2.6 
20 x 30 2.6 
25 x 40 ?.7 

Max. diff. 0.2 

Fze!d sire 15 x 15 c w  

15 x 20 - 

20 x 30 8.0 
25 Y 40 8.4 

Max. diff. 0.4 

2.4 
2.5 
2.4 
2.4 

0.1 

__ 

7.4 
7.3 

0.1 

3.2 3.1 
3.2 3.1 
3.3 3.0 
3.4 3.0 

0.2 0.1 

_ _  - 
9.0 8.4 
9.6 8.3 

0.6 0.1 

- 5.0 
5.3 5.0 
5.6 4.0 
5.9 4.7 

0.6 0.3 

13.3 
- 13.0 

- 0.3 

I n  the case5 of oval phantoms, change5 in the size of the phantom have only 
slightly more marked effects for larger field sizes. The data in Table 4 show 
that, while for field size 6 x 6 cm the maximum difference between the 
distances of 90 76 or 80 yo isodoses to the centre for different phantoms is 
2 mm on both the-minor and the major axes, so is for field size 15 x 15 cm 
the difference 4 mm between the distances of the 90 % isodoses on the minor 
axis and 6 mm of the 80 yo isodoses. The difference between distances of 
90 94 or 80 yo isodoses to the centre on the major axis is in all cases only 
1 mm though the difference between the distances of the 50 "/o isodoses are 
somewhat larger. As the phantom size increases, the differences between the 
distances for all percentage isodose curves on the minor and major axes also 
increases. 

Based on these results, a composite dose distribution chart for any particular 
field size can be drawn, which would be applicable within a range of different 
sizes of both circular and oval phantoms. In Fig. 4, an example is giLen of 
such a composite dose distribution chart for a field size 6 x 6 cm. In  practice 
this composite chart can be used for all fields with a width 6 cm in the plane 
of rotation and for 10 to 40 cm diameter circular phantoms and 10 x 15 cm 
to 25 x 40 cm oval phantoms, provided that the centre of rotation is at the 
geometrical centre of the phantom. Although the isodose curves in the composite 
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Fig. 4. Composite cobalt GO 360 degree rotation dose 
distribution plan for a field width G cm in the plane 
of rotation (applicable to circular phantoms 10 to 
40 cm in diameter and to oval phantoms 10 x 15 cni * ' 2 3 4 5 L," to 25 x 40 cm in size). -- - 2 -- 

chart are not thin lines, especially the 50 o/o isodose curves (see Fig. 4), this 
limited uncertainty of the exact position of isodose curves need not hinder its 
use in treatment planning. In  fact, in the region of greatest interest, i.e. near 
the target, this composite chart is accurate to within 6 mm for all phantom 
sizes studied. 

11. Center of rotation at center of phantom, arc rotation 

The comparison of the effects of different parameters on the dose distribution 
patterns is more complicated in arc rotation than in 360 degree rotation, 
mainly because of the introduction of a new variable, i.e. the arc dimensions. 
Dose distributions for field sizes 4 x 4 cm, 6 x 6 cm, 8 x 8 cm, 10 x 10 cm, 
12 x 12 cm, and 15 x 15 cm with 300, 240, 180, 120 degrees arc rotation 
were calculated. No attempt is made to reproduce all the data here, since they 
will appear in an atlas of radiation dose distributions (1). A few selected exam- 
ples are presented here for the purpose of illustrating some of the effects of 
certain parameters on the dose distributions. However, instead of dealing 
separately with effects of individual parameters, the following sections will 
discuss in more general terms the changes in the characteristics of dose distribu- 
tions of arc rotation, with special reference to the magnitude and the position 
of the maximum dose, the dose profiles on the arc bisecting line, and the shape 
of isodose curves. 

A. Magnitude and position qf maximum dose. The most distinct feature of dose 
distributions in arc rotation, irrespective of the shape of the phantom and the 
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Fig .  5. Maximum doses and their displacements from center of rotation 
of a 30 cni diameter circular phantom for 300,240, 180 and 120 degrees 
ofrotation with field sizes 4 x 4, 6 x 6, 8 x 8, 10 Y 10, 12 x 12 and 
15 x 15 cm. 

field size, is the shift of the maximum dose away from the center of rotation. 
This is in contrast to 360 degree rotation where the maximum dose is always at 
the center of rotation, unless the center of rotation is not at the geometrical 
center of the phantom, or the phantom is very irregular in shape. 

In  this study, the maximum dose has been calculated always relative to the 
dose at the center of rotation, which is taken as 100. The effect of changes in 
the degree of rotation is illustrated by plotting the magnitudes of the relative 
maximum doses and their displacements from the center of rotation as a 
function of the field width and the degree ofrotation as in Fig. 5, which is for a 
30 cm diameter circular phantom. This interesting lattice pattern provides an 
overall picture of' the effects of both the field size and the angle of rotation. 
Taking a special case, it is seen that for a field width of 12 cm and 120 degree 
angle of rotation the relative maximum dose is nearly 40 yo higher than the 
dose at the center of rotation and is displaced about 6 cm away from the center. 
From this graph it is seen that, in general, the magnitude of the relative maxi- 
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Fig. 6. Dose profiles of 240 dt-gree rotation on the minor axis of a 20 x 
field sizes 4 x 1. 6 x 6. 8 x 8, 10 x 10, 12 x 12 and 15 x 15 cni. 

6 8 10 

30 cm oval phantom with 

mum dose and its displacement from the center increases with the increase 
of the field size and with the decrease in the degree of rotation. The maximum 
dose relative to the dose at  the center of rotation is higher and further away from 
the center of rotation for the same degree of arc when the field width is larger; 
this is also the case when the field width is constant but the angle of rotation is 
smaller. Jt may also be noted in passing that a graph such as Fig. 5 can also 
be used to estimate the relative maximum dose for other field widths and 
degrees of rotation within the range given in the graph. 

B. Dose projles on the arc bisecting line. The curves in Fig. 6 give one example of 
dose profiles on the arc bisecting line in arc rotation. The data are for 240 
degree rotation on the minor axis of a 20 x 30 cm oval phantom and six 
field sizes from 4 x 4 cm to 15 x 15 cm. I t  is seen that while the magnitude of 
the relative maximum dose increases with larger field widths, as mentioned in 
the last section, the gradient at the central portion of the dose profiles remains 
constant irrespective of the field width. It has been found that the dose profiles 
on the arc bisecting line for other degrees of rotation also show this same 
characteristics, but the smaller the arc of rotation the steeper the dose gradient 
in the central portion of the dose profiles, showing that the dose distribution 



DOSE DISTRIBUTION IN COBALT 60 PLANAR ROTATION 141 

100 

F S  1Ytm 

I Phantom surface 
I--- ~ - 

10 R 6 4 2 0 C.R. 
Minor O X I S  of  20 I 30cm phantom (wc  bisector) cm 

0 2 4 6 8 10 12 14 
Field width, cm 

Fig. 7. Upher diaguram. Dose profiles (90 "/o of maximum dose portion) 
of 240 degree rotation on the minor axis of a 20 x 30 cm oval phan- 
tom. Lower diagram. Length of the 90 ?(, of maximum dose on the 
minor axis of a 20 x 30 cm oval phantom plotted against the field 
width. 

in that region is less uniform. For this reason small angles of rotation are not 
advantageous for practical purposes. 

If we take the maximum dose on the dose profiles as 100 yh, the dotted 
horizontal lines in Fig, 6 indicate the positions where the dose is 90 o/o of the 
maximum dose for different field widths. The length of the dotted line for 
each field width thus represents the size of the actual 90 yo dose region along 
the minor axis of the phantom. The changes of the length of the 90 yo dose 
region and its position on the minor axis (arc bisecting line) with the field 
width can be seen more clearly in the upper diagram of Fig. 7, where the 
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L -  1 
0 5 cm 

Fig. 8. 90 yo and 50 76 isodose curves for a field sizr 8 x 8 cm with 
360. 300, 240, 180 and 120 degrees of rotation and with a 20 V 30 
cm oval phantom taking the minor axiy as the arc bisector. (M in- 
dicates the position of the maximum dose.) 

respective curves for different field widths are no longer superimposed. The 
curve above the 90 yo dose dotted line for each field width give indication 
of the variation of’ the doses between 90 yo and 100 yo along this section of 
the arc bisecting line. In  the lower diagram of Fig. 7, the length of the dotted 
line is plotted against the respective field width and we see that this length 
does not proportionally increase with the increase of the field width. In  fact, the 
increase becomes relatively small when the field width increases above 8 cm. 

C. Shafie of isodose C U Y U ~ S .  I n  arc rotation, the shapes of different percentage 
isodose curves are distinctly different and change with the degree of rotation. 
The 90 yo and 50 yo isodose curves are shown in Fig. 8 for 360, 300, 240, 
180 and 120 degrees arc rotation, with a field size 8 x 8 cm, by using a 20 x 30 
cm oval phantom, taking the minor axis of the phantom as the arc bisecting 
line. 

As seen in the case of the 90 yo and 50 yo isodose curves, when the degree of 
rotation becomes less than 360 degrees, the isodose curves are deformed in 
such a way that the lower portion (the side opposite to the beam entrance 
surface) of the curve becomes flatter with the decrease in the degree of rotation. 
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Fig. 9. Position and shape of 90 o/o isodose curves (maximum dose as 
100) for a field size 8 x 8 cm with 300, 240, 180 and 120 degrees 
of rotation and with a 20 x 30 cm oval phantom taking the minor 
axis as the arc bisector. 

But when the degree of rotation is 180 degrces, or less, the change in the shape 
of 50 yo isodose curves are in the opposite direction, and the lower portion of 
the curves is convex downwards as shown in Fig. 8. 

Taking the maximum dose as 100 yo, the positions and shapes of 90 yo 
isodose curves for 300, 240, 180 and 120 degrees of rotation are shown in Fig. 9. 
I t  is seen that with the decrease in the angle of rotation, the area enclosed by 
the 90 yo (of maximum dose) isodose curves becomes smaller and more oblong 
in shape, and moves away from the center of rotation. 

111. Center of rotation not at center of phantom (eccentric 
rotation), 360 degree and arc rotation 

Theoretically, the center of rotation may be located anywhere in the 
phantom. However, discussion in the present paper is limited to cases in which 
the center of rotation is always located on the arc bisecting line for arc rotation 
and remains on the major or minor axis when an oval phantom is used. 
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Fig. 10. Dose profiles of 240 degree rotation on the arc bisecting diam- 
eter of a 30 cm circular phantom with field size 8 x 8 cm, the center 
of rotation displaced 2, 4, 6, 8, 10 cm anteriorly and 2, 4, 6, 8 cm pos- 
teriorly from the center of the phantom. 

A. Magnitude and position o x  the maximum dose. In  360 degree eccentric rotation, 
the maximum dose is also no longer located at the center of rotation, but moves 
to the side with less absorbing medium. The relative magnitude of the maxi- 
mum dose and its position depend on how far the center of radiation is away 
from the geometrical center of the phantom. However, it has been found in 
this study that the magnitude is never too great in comparison with the dose at 
the center of rotation in all cases with 360 degree rotation. 

When the angle of rotation is less than 360 degrees, whether the center of 
rotation on the arc bisecting line is situated between the center of the phantom 
and the entrance side of the beam, or on the opposite side, is also an important 
factor affecting the dose distribution. 

When the center of rotation is situated on the arc bisecting line between the 
the center of the phantom and the entrance side of the beam, the relative 
maximum dose is generally greater than that obtained with the center of 
rotation at the center of the phantom. The two factors, the arc rotation and the 
difference of the lengths of absorbing medium in different directions of beam 
entrance increase the effect on the maximum dose. O n  the other hand, when the 
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Fig. 11. Dose profiles of 300 degree rotation on Fig. 12. Dose profiles of 180 degree of rotation 
the arc bisecting minor axis of a 20 x 30 cm on the arc bisecting minor axis of a 20 x 30 cm 
oval phantom with field size 8 x 8 cm, the ova1 phantom with field size 8 Y 8 cm, the 
center of rotation displaced 4 cm anteriorly and center of rotation displaced 4 cm anteriorly and 
posteriorlv from the center of the phantom. posteriorly from the center of the phantom. 

center of rotation is situated on the opposite side of the beam entrance the 
effect of these two factors on the maximum dose will tend to cancel out each 
other; therefore, in some cases of this arrangement a uniform dose distribution 
is obtained around the center of rotation, and the maximum dose is again 
located at  the center of rotation. However, when the rotation is less than 180 
degrees, this can not happen, because there is no beam entering from the side 
with less absorbing medium of the phantom. 

B .  Dosz profiles on the arc bisecting line. The dose profiles with a field size 8 x 8 
cm under three different irradiating conditions are shown in Figs 10 to 12. 
The dose profiles on the arc bisecting line are given in Fig. 10 for 240 degree 
rotation with a 30 cm diameter circular phantom, when the center of rotation 
is displaced in 2 cm steps on the arc bisecting diameter from the center of the 
phantom. In  Fig. 11, the dose profiles on the arc bisecting line are given for 
300 degree rotation with 20 x 30 cm oval phantom when the center of rotation 

10 -5G20W. A c l a  Radiulogica  T h e r a p y  Phyrics Bio logy  Vol .  4 (1966) 
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Fig. 13. 90 isodose curves for field size 8 x 8 cm with 360,300. 
240, 180 and 120 degrees of rotation and with renter of rotation displaced 
4 cm anteriorly from center of phantom on the minor axis of a 20 x 30 cm 
oval phantom (minor axis as the arc bisector). 

and 50 

is displaced along the minor axis (arc bisecting line) of the phantom 4 cm to 
either side of the center of phantom. In Fig. 12, the dose profiles under the 
same conditions as in Fig. 11, but for 180 degree of rotation, are given. 

In Fig. 10, when the center of rotation is displaced 8 cm from the center of 
the phantom on the side opposite to the beam entrance for 240 degree of rotation, 
and in Fig. 11, when the center of rotation is displaced 4 cm also on the side 
opposite to the beam entrance for 300 degree of rotation, the central part of 
the dose profiles in both cases is nearly flat, which shows that the doses are uni- 
form in that region. From these results it can be seen that a treatment arrange- 
ment, by placing the center of rotation between the center of the phantom and 
the side opposite to the beam entrance on the arc bisecting line, can be a very 
useful technique with arc rotation. In  fact the use of this technique has been 
suggested by HALE (8) several years ago. However, the use of this technique, 
presently called ‘reverse arc technique’, cannot possibly have this advantage 
if the angle of rotation is less than 180 degrees. 

C. Shape of isodose curues. From the foregoing discussion we have seen that the 
relative magnitude and the position of the maximum dose, and the dose 
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Fig. 14. Dose profiles of 360 degree rotation on a radius of a 30 cm 
diameter circular phantom for field size 8 x 8 cm of cobalt 60 
beams with different size of penumbra a t  a source axis distance 75 
cm. 

profiles on the arc bisecting line change both when the degree of rotation is 
changed and when the center of rotation is displaced. The shapes of the 90 "/o 
and 50 yo isodosc curves with a field size 8 x 8 cm are shown in Fig. 13 for 
360, 300, 240, 180 and 120 degree rotation using a 20 x 30 cm oval phantom, 
with the center of rotation displaced 4 cm away from thc center of the phantom 
on the minor axis towards the entrance side of the beam. If wc compare this 
diagram with Fig. 8, in which case the center of rotation was at  the center 
of the phantom, it is seen that, in spite of a difference of 4 cm between the 
positions of the center of rotation, the general pattern of isodose curves in 
these two cases for the various degrces of rotation remains the same. 
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Table 5 

Dictances in cm f r o m  center of 360 degree rotation to the 90 o,;, 80 9 ;  and 
50 O/b isodose curue.? in a 30 cm diameter circular phantom with a j e l d  size 

8 x 8 cm of jour  dafererit cobalt 60 beams 

Type of beam, SAD 75 cm Distance from center of 
rotation in crn 

Source SDD Penumbra 
diameter crn at 7.5 cni 90 7; 80 50 0 ,  

cm 

Hypothetical - 0 4.2 4.5 5.8 
point source 
2.0 50 1 .oo 4.1 4.5 6.3 
2.0 33 2.54 3.7 4.5 6.9 
2 .O 25 4.00 3.2 4.3 7.2 

IV. Comparison of dose distributions for beams with different 
sizes of penumbra and at different source-axis distances 

The effects of the size of the penumbra of the beam on dose distributions in 
planar rotation were studied by comparing three sets of data, all for 360 degree 
of rotation with a 30 cm diameter circular phantom. The three sets of data 
used in this study are as follows: (1) dose distributions of four beams with 
different geometrical sizes of penumbra: i.e. zero (point source), 1.00 cm, 2.54 
cm, and 4.00 cm, at SAD 75 cm; (2) dose distributions of three beams, each 
with approximately the same size of penumbra 1 cm, at SAD 55 cm, 75 cm, 
and 95 cm; ( 3 )  dose distributions of two beams with approximately the same 
size of penumbra 2.5 cm, at  SAD 55 cm and 75 cm. The isodose curves used 
in the calculation for the beams with zero and 4 cm penumbra at SAD 75 cm 
are hypothetical. 

Using the first set of data, the dose profiles for a field size 8 x 8 cm are 
shown in Fig. 14. The distances from the center of rotation to the 90 o/, 80 yo 
and 50 % isodose curves in these four cases are set out in Table 5. It can be 
seen that the distance from the center of rotation to the 90 yo isodose curve 
decreases from 4.2 cm to 3.2 cm with the increase in size of penumbra. The 
distance to the 80 yo isodose curve remains constant at 4.5 cm as the penumbra 
is increased from 0 to 2.54 cm, but decreases to 4.3 mm for the beam with a 
hypothetical large penumbra of 4 cm. On  the other hand, the distance to the 
50 yo isodose curve increases from 5.8 cm to 7.2 cm when the penumbra of the 
beam is increased from 0 to 4 cm. If we discount the two hypothetical beams 
with 0 and 4 cm penumbra, the magnitude of the change in distances from the 
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DOSE PROFILES OF COBALT-60 360 DEGREE 
ROTATION. F.S. 8 X 8 em, CIRCULAR 
PHANTOM 30 cm DIA. 

~ 

SAD 55 cm p = 0.89 cm 

75 cm p = 1.00 cm 
9 5 c m  p = 0.88 cm - 

0 ,  rtonce from the Center, em 

Fig. 15. Dose profiles of 360 degree rotation on a radius of a 30 cm 
diameter circular phantom for field size 8 x 8 cm of cobalt 60 beanis 
with approximate 1.00 cm penumbra at  source axis distances55 cm, 
75 cm and 9.5 cm. 

center of rotation to the 90 yo, 80 yo and 50 yo isodose curves for beams with 
penumbra between 1 and 2.5 cm is not of great importance in the cases at 75 
cm SAD. 

In  Fig. 15, ths dose profiles for beams with penumbra 0.89 cm at SAD 55 
cm, 1 cm at SAD 75 cm, and 0.88 cm at SAD 95 cm, are shown. It is seen 
that the dose profiles of these three beams are nearly the same, except at the 
region approaching the surface, where the doses with SAD 55 cm are a little 
higher than others. However, the differences of dose profiles for a beam with 
penumbra 2.63 cm at SAD 55 cm, and 2.54 cm at SAD 75 cm, are greater, as 
shown in Fig. 16. 
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Fig. 16. Dose profiles of 360 degree rotation on a radius of a 30 cm 
diameter circular phantom for field size 8 x 8 cm of cobalt 60 beams 
with approximate 2.5 cm penumbra a t  source axis distances 55 cin 
and 75 cm. 

Additional information is obtained by plotting the distances from the center 
of rotation to 90 yo, 80 yo and 50 % isodose curves against the geometrical 
sizes of penumbra at  the center of rotation with different source-axis distances, 
as shown in Fig. 17. This figure gives us an overall picture of the effect of the 
size of penumbra at  different SAD on the dose distributions. It shows that there 
are nearly no differences in the dose distribution for beams with the same 
penumbra at SAD 75 cm and 95 cm. However, though the dose distributions 
for SAD 55 cm show little difference from those for beams at SAD 75 cm and 
95 cm, when the penumbra of the beams are all small, there is a greater 
difference as the size of the penumbra is increased, say over 2 cm. We may 
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Fig. 17. Distances from the center of rotation 
of a 30 cm diameter circular phantom to the 
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conclude from these results that the beam with a large penumbra is more 
undesirable in using rotation techniques with the SAD 55 cm than when the 
SAD is longer. In  other words, it is more important for a beam to have a 
smaller penumbra when a short source-axis distance is used. 

Conclusions 

The results of the foregoing study of the effects of different parameters on 
dose distributions in cobalt 60 planar rotation suggest some of the optimum 
conditions in which the rotation technique may be used to the best advantage 
in radiotherapy. 

In the first place, full advantage is obtained with the rotation technique 
only when the field width required in the plan of rotation is not more than 10 
cm and when the degree of rotation is larger than 180 degrees. This is because 
with larger field widths, the dose 'fall-off' outside the constantly irradiated 
region becomes increasingly less steep, and with smaller arcs of rotation, the 
doze in the target volume becomes less uniform. Nevertheless, in some cases, 
which necessitate the use of a large field width, the use of the rotation technique 
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may be preferred, because the doses received in certain regions outside the 
target volume is still somewhat less than when using multiple fields. On  the 
other hand, cases which might be treated by small-arc technique usually 
can be treated by other methods more adequately, namely by shifting the 
center of rotation to the center of the target volume, or by using wedge- 
filtered beams. 

The effect on dose distribution due to the size of body contour was studied 
in considerable detail with eight different shapes and sizes of phantoms. The 
results obtained not only support previous findings that this effect is not large, 
but show the magnitude of the displacement of specific isodose curves with 
changes in the size of body contours. It was found that change in the position 
of the 80 yo isodose curve with a field size 15 x 15 cm is of the magnitude of 
only 6 mm for different sizes of oval phantoms. This leads to the conclusion 
that for practical purposes a composite isodose curve drawn somewhat thicker 
than usual can be used for a large number of different shapes and sizes of body 
con tours. 

The results of this study also lead to the conclusion that there is little or no 
advantage in using a long source-axis distance in rotation with cobalt 60 
radiation. There is no appreciable difference in the dose distributions for 
rotating beams with the same size of geometrical penumbra either at  SAD 75 
cm or 95 cm. However, a beam with a smaller penumbra is desirable when the 
rotation is at  a SAD 55 cm; when a larger SAD is used, a larger penumbra of 
the beam is permissible. This is because the dose distributions at the SAD 75 
cm are relatively insensitive to penumbra changes between 1 and 2.5 cm, 
while at  55 cm SAD the dose di-stributions for beams with different sizes of 
penumbra differ considerably. For beams with 1 cm penumbra at both 55 cm 
and 75 cm SAD, the dose distributions are about the same. 

From these findings it appears that for any particular cobalt 60 rotating 
unit, if an atlas of dose distributions, with different field widths, arc of rotation, 
and positions of the center of rotation in the body, is prepared, thenin most 
routine cases of rotational therapy, it would be possible to estimate the positions 
of the important isodose curves in the body, such as 90 oh, 80 yo and 50 "/b 
curves, within an acceptable degree of accuracy. 

S U M M A R Y  
The effects of different parameters on dose distribations in cobalt 60 planar rotation were 

studied with the use of' a digital computer. The parameters considered were field size, angle 
of rotation, position of the center in the phantom, shape and size of the phantom, and the 
penumbra of the beam. O n  the basis of the results obtained, the conditions under which the 
rotation technique can be most advantageously used are discussed. 
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Z U S A M M E N F A S S U N G  
Der Effekt verschiedener Parameter auf die Dosis-Distribution in planarer Kobalt-60- 

Rotationstherapie wurde mit Hilfe eines digitalen Rechenautomaten studiert. Die verschie- 
denen Parameter waren: Feldgrosse, Rotationswinkel, Position des Zentrums im Phantom, 
Form und Grosse des Phantoms und der Penumbra des Strahlenhundels. Auf Grund der 
erhaltenen Resultate wurden die besten Bcdingungen bei der Verwendung der Rotations- 
technik untersucht. 

R E S U M E  
L’effet de divers paramttres sur la distribution de dose en cobalt-thCrapie rotatoire plane 

a t t t  CtudiC au moyen d’une calculatrice digitale. Les pararnttres Ctudits sont les dimensions 
du champ, l’angle de rotation, la position du centre de rotation dans le fantBme, la forme et les 
dimensions du fantBme et la ptnombre du faisceau. Les auteurs euaminent, sur la base des 
rCsultats obtenus, les conditions les plus avantageuses de l’emploi de la technique rotatoire. 
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