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Considerations on Methods for Constructing Isodose Curves from Minimum Experimental Data

IV. Dose Distributions in Cobalt-60 Planar Rotation with Center of Rotation at Center of Phantom
By

Yoshio Onai, Teizo Tomaru, and Toraji Irifune

Department of Physics, Cancer Institute, Tokyo

The effects of different parameters on dose distrubutions in cobalt-60 planar rotation with the center
of rotation at the center of phantom were studied with the use of a digital computer. The parameters
considered were length and width of the field, angle of rotation, shape and size of the phantom, and the
penumbra of the beam. In addition, the method for calculating isodose distributions for full and partial
Totation, especially the number of fields which needs to be summed in order to approximate to the true
integrated dose was considered.

On the basis of the results obtained, a method for constructing isodose curves within an acceptable
«degree of accuracy is discussed.

The main results obtained are as follows:

1. It is desirable to adopt summations at intervals less than 5 degrees in order to calculate dose dis-
tributions within the accuracy of 10 per cent for the dose level region larger than 10 per cent of the rota-
tion center of the partial rotations larger than 60 degrees. For full rotation, however, the maximum error
introduced by summations at 15-degree intervals is about 10 per cent (Table 1).

2. For a 30 cm diameter circular phantom, the differences between doses calculated with and with-
out correction for oblique incidence are less than 5 per cent in the dose level region larger than 50 per cent
of the center for all field sizes and rotation angles studied, though the differences between doses to all po-
ints in this phantom are somewhat larger as shown in Fig. 4.

3. The size of phantom has little effect on the dose distributions provided that the shape of phantom
is the same, as shown in Figs. 25, 26, and 27.

4. The length of the field perpendicular to the plane of rotation does not appreciably affect the dose
distributions in the plane of rotation, as shown in Figs. 28 and 29.

5. By using the graphs as shown in Figs. 8 and 9, which can be provided for any particular rotation
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angle and field size from Table 2, the isodose curves for a 30 cm diameter circular phantom with any rota-
tion angle and any field width can readily be drawn, which would be applicable to different sizes of both
circular and oval phantoms within the accuracy of about 10 per cent provided that the rotation angles
are larger than 180 degrees, as shown in Table 4.

6. The dose distributions for an oval phantom according to Haynes and Froese’s equation can easily
be obtained within the accuracy of 5 per cent by correcting the isodose curves for a 30 cm diameter cir-
cular phantom using the displacement rule shown in Table 5.

7. The dose distributions at the SAD 75 cm are relatively insensitive to penumbra between 0.38
and 3.15 cm provided that the degree of rotation is larger than 180 degrees, as shown in Fig. 50 (a), (b),
and (c).

From this finding, it appears that isodose charts, tables of dose distributions, and the displacement

rule for beams with penumbra 1.38 cm at SAD 75 cm, which are published in this paper, would be appli-

cable to any cobalt-60 rotating unit for practical purposes.
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Fig. 1. Diagram showing notation in dosage
calculation for moving field

_ne
;L Rotation angle 8
-3—‘/____:‘% 45°

<: i?

270

b 1 enfgic15en ¥ C, MBS (AR
SHEF) 1% 6 X 636 XV10X10enTH5.

Fig. 2 {XMEHEF10X 10emD4& 0 0 fEfE B
Db B 5em, 10cmds X 0% 14emdD o\ T—[ R
ShcEEROI 1005 2 7o & & D& RBETHEH B
R B R Y Lo OO SRR s b AR
b, BEHE (ABED TRl oTHEbLED
DTH B . R OFHE, AHB L OHFIT
ITNLThBAFTORIEE LiswiBE L L&D
Fig. 2. Variation of dose with angular position

of the beam. The curves apply to points situa-
ted at 0, 5, 10, and 14 ¢cm from the center
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Fig. 3. Comparison of dose distributions calculated by the summations at
different intervals along the three radii ¢ == 0°, 90°, and 130° of a 30
¢m diameter circular phantom with a 6 x 6 cm field of 120 degree arc
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Fig. 4. Maximum percentage differences between

doses with and without correction for oblique
incidence, along the radii ¢ = 0°, 45°, 90°,
135°, and 180° of a 30 cm diameter circular
phantom plotted against the field width
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Fig. 7. Variation of distance from center of 360
degree rotation to various percentage isodose
curves in a 30-cm diameter circular phantom
with field width
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Table 2. Distances from center of rotation to
various percentage isodose curves on the radii
- $ =0°, 45°, 90°, 135°, and 180° of a 30-cm
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Fig. 8.

Variation of distance from center of rotation to various percentage isodose

curves for 240 degree rotation on the radii & = 0°, 45°, 90°, 1357, and 180°
of a 30-cm diameter circular phantom with field width

(2) 240 deg. rotation, Radius ¢=0°

(b) 240 deg. rotation, Radius ¢= 45° (c) 240 deg. rotation, Radius $=90°
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Fig. 9. Variation of distance from center of rotation to various percentage isodose
curves for a field size 6 % 6cm on the radii & = 0°, 45°, 90°, 135°, and 180°
of a 30-cm diameter circular phantom with angle of rotation

a)Field 6x6cm, Radius ¢=0° (b)Field 6x6cm, Radius $=45°
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Fig.

Fig.

Distance from rofation center

12. Distance from center of rotation to the
center of the 90 9, dose region of maximum
dose in a 30-cm diameter circular phantom
for various rotation angles plotted against the
field width
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13. Length of the 90%, dose region of maxi-
mum dose on the arc bisecting line of a 30-
cm diameter circular phantom for various
rotation angles plotted against the field width
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Fig. 14. Length of the 909 dose region of maxi-

mum cdose at the center of that region in a
direction perpendicular to the arc bisector
of a 30-cm diameter circular phantom for
various rotation angles plotted against the
field width.
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Fig. 15. Distance from center of the 909, dose

region of maximum dose to the 50 % isodose
curve of maximum dose on the arc bisecting
line of a 30-cm diameter circular phantom
for various rotation angles plotted against the
field width
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Fig. 16. Length of the 50% dose region of maxi-
mum dose at the center of the 90 9 dose reg
ion in a direction perpendicular to the arcb-
isector of a 30-cm diameter circular phantom
for various rotation angles plotted against
the field width
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Fig. 17. Diagram showing the method for cons-
truction of isodose curves for the degree of
rotation less than or equal to 180 degrees
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Fig. 18. Diagram showing the method for cons-
truction of isodose curves for the degree of
rotation larger than 180 degrees

Angle of rotation > 180°

Fig. 19. Isodose curves for 60 degree rotation
with a field size 6 x 6ecm at 75 em SAD in
a 30-cm diameter circular phantom. The
solid lines are 509, and 909, isodose curves
of maximum dose.
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Fig. 20. Isodose curves for 90 degree rotation Fig. 22. Isodose curves for 180 degree rotation
with a field size 6 X 6cm at 75 cm SAD in with a field size 6 % 6 cm at 75 cm SAD in
a 30-cm diameter circular phantom

a 30-cm diameter circular phantom
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Fig. 21. Isodose curves for 120 degree rotation Fig. 23. Isodose curves for 240 degree rotation
with a field size 6 X 6cm at 75cm SAD in with a field size 6 X 6cm at 75em SAD in

a 30-cm diameter circular phantom a 30-cm diameter circular phantom
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Fig. 24. Isodose curves for 300 degree rotation
with a field size 6 X 6cm at 75 cm SAD in
a 30-cm diameter circular phantom
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Fig. 25. Maximum percentage differences bet—
ween doses for 10, 20, and 30cm diameter
circular phantoms, along the radii & == 0°,
45%, 90°, 135°, and 180° for a 4 X 4 cm field:
plotted against the angle of rotation
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Fig. 26. Dose distributions of 360 degree rotation
on a radius of three different sizes of circular-
phantom with field sizes 4 x 4, 6 X 6, and:
8 X 8cm
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Tig. 27. Comparison of dose distributions in three diffe-
rent sizes of circular phamtom with a field size 4x
4cm, on the radii & = 0°, 45°, 90, and 180° for
various rotation angles

140¢ (a) Eieéq 4;46311
H “=n Radivs ¢=
’ ~ awor (©) Field 4%4¢m
R ip\\mx BF Radius $=90°
I NG - Ron?
60 : el W e 20cmd
g A S 3 U - 10cmé
g 40r 120 8 q-j -
- i RsErecel et R
% . T '%N}DD"
Soor TR RS DM
R —=10cmd 00° & e

W66 1 0 2 4 6 8 1
Distance from rofation center em  Distance from rufation center cm

PE\ O fed 44 100 © Field 4x4em
95: © E]aedius pedr  WF Radius - 180°

8 a0
o S0 % TTE— o E;‘L?_
& 40r : e 8 40
= W TR 3ol
= 30F ) ‘&h“‘--u £ J0F
5 \ xE
S 20+ w 20F
® \ &

60
]ﬂ L L 1 1 1 1 & J, 1 ] ‘lc L 1 L L Fu—
0 6 1 g 10

74 02 4 %
Distance from rofation center cm  Distance from rofation center cm

b) FEHEF DR X
[BIRAT T £ 7 1] o0 JRBHEF o B X384 e i
LI ERFEEIRTHH0O . —FIEL

191

Fig. 28. Maximum percentage differences bet-
ween doses for rectangular and square fields
with the same field width in the plane of
rotation, along the radii & = 0°, 90°, and
180° of a 30-cm diameter circular phantom
plotted against the angle of rotation
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Fig. 29. Comparison of dose distributions with two different length of the field
perpendicular to the plane of rotation, on the arc bisecting line of a 30-cm
diameter circular phantom for various rotation angles
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Fig. 30. Graph showing, as a function of field
width, the distances from center of 360 degree
rotation to various percentage isdose curves
on major, minor, and 45 degree axes of a
20 30 cm oval phantom in comparison with
those of a 30-cm diameter circular phantom
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Fig. 31. Maximum differences between the dis-
tances of the same percentage isodcse curve
from the center on the radii & = 0°, 45°,
90°, 135°, and 180° for circular and oval
phantoms with a 10 x I0cm field plotted
against the rotation angle
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Table 4, Percentage differences between doses for 30-cm diameter
circular and 20 x 30 cm oval phantoms
radius max ~ 90% 909 ~ 50% 509 ~ 109
£ = 120° | = 180° 360° | = 120° | = 180° 360° | = 120° [ = 180° 360°
arc arc Tot arc arc rot. arc arc rot.
0° + 5% + 8% + 3% + 5% +-12% + 8% + 4% +13% +10%
45° | — 9 — 3 —1 —15 —5 — 4 —-21 —6 -6
90° — 4 -3 —3 -7 -9 -9 —22 —14 —14
135° = -1 —1 —3 — 2 — 4 — 8 —3 — 6
180° -1 — 2 + 3 — 4 + 5 + 8 + 5 +13 +10
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Fig. 32. Comparison of dose distributions for 30-cm diameter circular and
20 % 30 cm oval phantoms with a field size 6 % 6cm, on the radii
& = 0°, 45°, 90°, and 180° for various rotation angles
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Fig. 33. Graph showing dose distributions of 240 degree rotation on the arc
bisecting line of 30 cm diameter circular (solid line) and 20 x 30 cm oval
(broken line) phantoms with field sizes 4 x 4, 6x6, 8x8, 10 10, and 12 x
12 cm in comparison with Tsien’s data for a 20 x 30 ¢m oval phantom (dots)
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Table 5. Displacement rule for correcting the isodose curves of a circular phantom to obtain
the isodose curves forjan oval phantom

Radius Angle qf rotation
® 60° | 0o | 1200 180° 240° 3000 | 3600
0° Fig. 35 (a) Fig. 35 (a) Fig. 34 (a) -' Fig. 34 (a)

T 450 Fig. 38 | Fig.37 | Fig. 36 2 ,

90° Fig. 34 (b) | Fig.35 (b) | Fig. 34 (b) | Fig.34 (b)

135°

180° Fig. 34 (a)

Fig. 34. Diflerences between distances from cen-
ter to the same percentage isodose curve in
circular and oval phantoms, on the radii $
= 0% and 90° for 360 degree rotation. This
graph will be applicable to the radius of ¢
= 90° for 180 degree rotation and the radii
¢ = 0° and 90° for 200 degree rotation in
practical dose planning.
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Fig. 35. Differences between distances from cen-
ter to the same percentage isodose curve in
circular and oval phantoms, on the radii &
= 0° and 90° for 240 degree rotation. This
graph will be applicable to the radius of &
=0° for 180 degree rotation in practical dose

planning.
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Tig. 36. Differences between distances from cen- Fig. 38. Differences between distances from cen-
ter to the same percentage isodose curve in ter to the same percentage isodose curve in
circular and oval phantoms, on the radius of circular and oval phantoms on the radius of
¢ = 45° for 120 degree rotation b = 45° for 60 degree rotation
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—3.5\: ! Fig. 39. Comparison of distance from center of
180 degree rotation to various percentage iso-
dose curves along the radius & ==0° in a 20
% 30 cm oval phantom, calculated directly
and that to the isodose curves corrected for
a 30-cm diameter circular phantom by using

Fig. 37. Diflerences between distances from cen- the displacement rule shown in Table 5.
ter to the same percentage isodose curve in Broken lines are corrected and dots are cal-
circular and oval phantoms, on the radius of culated values directly. Solid lines are values
$ = 45° for 90 degree rotation. for a 30-cm diameter circular phantom.
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Fig. 40. Comparison of distance from center of
180 degree rotation to various percentage iso-
dose curves along the radius ¢ =90° in a 20
» 30cm oval phantom, calculated directly
and that to the isodose curves corrected for
a 30-cm diameter circular phantom by using
the displacement rule shown in Table 5.
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Fig. 41. Isodose curves for 60 degree rotation
with a field size 6 % 6ecm at 75cm SAD in
a 20 » 30 cm oval phantom, The solid lines
ave 509} and 909%, isodose curves of maximum
dose,
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Fig. 42. Isodose curves for 90 degree rotation
with a field size 6 X 6cm at 75 cm SAD in
a 20 » 30 em oval phantom
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Fig. 43. Isodose curves for 120 degree rotation
with a field size 6 X 6 cm at 75 cm SAD in
a 20 » 30 cm oval phantom
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Fig. 44. Isodose curves for 180 degree rotatiom
with a field size 6 X Gecm at 75 cm SAD in
a 20 x 30 cm oval phantom
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Fig. 45. Isodose curves for 240 degree rotation Fig, 47. Isodose curves for 360 degree rotation
with a field size 6 X 6cm at 75cm SAD in with a field size 6 X 6ecm at 75cm SAD,

a 20 % 30 cm oval phantom The left-hand distribution is for a 30-cm dia-

wC 240" ROTATION 6 % GennrTEenSAD 20x300n OVAL meter circular phantom and the right-hand

distribution is for a 20 3¢ 30 cm oval phantom.
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Fig. 46. Isodose curves for 300 degree rotation
with a field size 6 X 6cm at 75 cm SAD in
a 20 % 30 cm oval phantom
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Fig. 48. Isodose curves for cobalt-60 with
different penumbra
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Fig. 51. Percentage differences between doses for
cobali-60 beams with different sizes of penu-
mbra at SAD 75 ¢m, on the radii ¢ == 0°,
90°, and 180° of a 30-cm diameter circular
phantom for a field size 10 x 10em with
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