J. Korean Soc Ther Radiol: Vol. 11, No. 2, December, 1993 421

MYIHETIE 0|88 WA a0 MBEES NEN ol

A

SEELERE B ERRREL
SEEEEEEELEEORRET Y]

wx B

= Abstract =

Verification of Dose Distribution for Stereotactic Radiosurgery
with a Linear Accelerator
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The calculation of dose distribution in multiple arc stereotactic radiotherapy is a three-
dimensional problem and, therefore, the three-dimensional dose calculation algorithm is important
and the algorithm’s accuracy and reliability should be confirmed experimentally. The aim of this
study is to verify the dose distribution of stereotactic radiosurgery experimentally and to investi-
gate the effect of the beam quality, the number of arcs of radiation, and the tertiary collimation
on the resulting dose distribution.

Film dosimetry with phantom measurements was done to get the three-dimensional orthogonal
isodose distribution. All experiments were carried out with a 6 MV X-ray, except for the study of
the effects of beam energy on dose distribution, which was done for X-ray energies of 6 and 15
MV. The irradiation technique was from 4 to 11 arcs at intervals of from 15 to 45 degrees between
each arc with various field sizes with additional circular collimator. The dose distributions of
square field with linear accelerator collimator compared with the dose distributions obtained using
circular field with tertiary collimator. The parameters used for comparing the results were the
shape of the isodose curve, dose fall-offs fom 90% to 50% and from 90% to 20% isodose line for

90% isodose area
50% isodose area—90% isodose area

from Chierego). This ratio may be considered as being proportional to the sparing of normal tissue
around the target volume.

The effect of beam energy in 6 and 15 MV X-ray indicated that the shapes of isodose curves
were the same. The value of ratio A and the steepest and shallowest dose fall-offs for 6 MV X-ray
was minimally better than that for 15 MV X-ray. These data illustrated that an increase in the
dimensions of the field from 10 to 28 mm in diameter did not significantly change the isodose
distribution. There was no significant difference in dose gradient and the shape of isodose curve
regardless of the number of arcs for field sizes of 10, 21, and 32 mm in diameter. The shape of
isodose curves was more circular in circular field and square in square field. And the dose gradient
for the circular field was slightly better than that for the square field.

the steepest and shallowest profile, and A= (modified
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Fig. 1. Films of three orthogonal planes
obtained in humanoid and paraffin
phantoms with 9 arcs of 160° for a
circular field of 10 mm in diameter
for 6 MV X-ray: (a)transverse
plane; (b) coronal plane; (c)
sagittal plane.

6 MV X-ray 15 MV X-ray

100.0%
90. 0%
80. A%
79.0%

GONONLWN—

(a) ' il %E:
" 2o on

\‘ﬂ

(c)

Fig. 2. tsodose contours in the transverse (a), coronal (b), and sagittal {c)
planes with 9 arcs of 160° for a circular field of 10 mm in diameter for
6 MV and 15 MV X-ray.
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Table 1. Steepest Dose Fall-offs Outside the Target Volume for 6 MV and 15 MV X-ray with 9 Arcs of 160"

Distance in mm for dose to fall from

Circular field

! Beam energy
Diameter (mm) (MV) 90% to 50% 90 to 20%

10 6 3.5 7
15 3.5 7

21 6 45 95
15 5 1

28 6 45 105
15 55 12

Table 2. Shallowest Dose Fall-offs Outside the Target Volume for 6 MV and 15 MV X-ray with 9 Arcs of 160°.

Distance in mm for dose to fall from

Circular field Beam energy
iameter (mm) (MV) 90% to 50% 90 to 20%
10 6 6 175
15 6.5 18.5
21 6 1.5 31
15 12 33
28 6 14 40
15 15 41
Table 3. Isodose Area and Ratio A for 6 MV and 15 MV X-ray with 9 Arcs of 160°.
. ) 8 MV 15 MV
Circular field Plane
iameter (mm) Isodose area (cm?) A* Isodose area (cm?) A*
90%/50% 90%/50%
10 T 0.4/24 0.2 0.4/26 0.182
C 0.7/3.7 0.233 08/4.4 0.222
S 03/1.7 0.214 0.3/1.8 02
21 T 3.0/104 0.405 3.2/11.7 0.377
C 21/73 0.404 2.1/8.1 0.35
S 2.8/8.4 05 2.8/9.2 0.438
28 T 6.5/17.9 0.570 6.3/19.3 0.485
o] 45/13.3 0.511 46/14.0 0.489
S 6.0/15.3 0.645 59/17.1 0.527

T: transverse plane, C: coronal plane, S: sagittal plane.

- 90% isodose area
50% isodose area—90% isodose area
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Fig. 3. Isodose contours in the transverse (a}, coronal (b}, and sagittal (c)
planes for three different numbers of arcs of 120° for a circular field of
10 mm in diameter for 6 MV X-ray.

Table 4. Steepest Dose Fall-offs Qutside the Target Volume for Three Different Numbers of Arcs of 120° for 6 MV X-ray.

Distance in mm for dose to fall from

Circular field Number -

iameter (mm) of arcs 90% to 50% 90 to 20%

10 4 35 7.5
7 4 7.5
1 4 7.5

21 4 5 1
7 5 10
11 5 11

32 4 6 11.5
7 6 115
11 6 1.5
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Table 5. Shallowest Dose Fall-offs Outside the Target Volume for Three Different Numbers of Arcs of 120° for 6 MV

X-ray.
Circular field Number Distance in mm for dose to fall from
Diameter (mm) of arcs 90% to 50% 90 to 20%
10 4 4 9
7 4 9
1 4 10.5
21 4 6 125
7 6 15
1 6 16.5
32 4 7 15
7 7 18
1 8 20
Table 6. Isodose Area and Ratio A for Three Different Numbers of Arcs of 120° for 6 MV X-ray.
Circular field Plane 4 Arcs 7 Arcs 11 Arcs
Diameter (mm) Isodose area (cm?) A* Isodose area (cm?)  A*  Isodose area (cm?)  A*
90%/50% 90%/50% 90%/50%
10 T 0.3/14 0.273 0.3/16 0.231 0.3/1.5 0.25
C 0.3/1.4 0.273 0.3/1.6 0.231 0.4/2.0 0.25
S 0.4/15 0.364 0.4/15 0.364 0.4/18 0.288
21 T 25/6.1 0.694 2.7/6.9 0.643 29/74 0.644
C 1.9/6.2 0.442 2.4/7.8 0.444 2.6/8.1 0.473
S 26/64 0.684 2.7/6.7 0.675 29/76 0.617
32 T 5.2/10.6 0.963 5.4/119 0.831 57/76 0.76
C 3.9/101 0.629 4.6/129 0.554 51/7.3 0.560
S 52/115 0.825 53/115 0.855 58/7.2 0.773

T: transverse plane, C: coronal plane, S: sagittai plane.
- 90% isodose area
50% isodose area—90% isodose area

Table 7. Steepest Dose Fall-offs Outside the Target
Volume for a Circular Field of 21 mm in Diame-
ter with a Tertiary Collimator and for a 21X 21
mm Square Field with Linear Accelerator Col-

Table 9. Isodose Area and Ratio A for a Circular Field of
21 mm in Diameter with a Tertiary Collimator
and for a 21 x21 mm Square Field with Linear
Accelerator Collimator with 4 Arcs of 120° for 6

limator with 4 Arcs of 120° for 6 MV X-ray. MV X-ray.
Field Distance in mm for dose fall from Plane Circular Square
90% to 50% 90% to 20% Isodose area (cm?) A* lsodose area (cm?) A*

Circular 5 11 90%/50% 90%/50%

Square 55 14 T 2.5/6.1 0.694 28/7.4 0.609
o] 1.9/6.2 0.442 21/73 0.404
S 26/6.4 0.684 3.1/8.2 0.608

Table 8. Shallowest Dose Fall-offs Outside the Target T transverse plane, C: coronal plane, S: sagittal plane.

Volume for a Circular Field of 21 mm in Diame-
ter with a Tertiary Collimator and for a 2121
mm Square Field with Linear Accelerator Col-
limator with 4 Arcs of 120° for 6 MV X-ray.

Distance in mm for dose fall from

Field

90% to 50% 90% to 20%
Circular 6 12.5
Square 6 12.5

A= 90% isodose area
~B0% isodose area—90% isodose area

fall-offs =loll 41 ¢} dose gradients F FZkoll o]zt
2193 steepest dose fall-offs =42l dose gra-
dientet AZHE 98 ZApHA S5t odt @
Aol glgich(Table 7, 8, 9).
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Fig. 4. Isodose contours in the transverse (a), coronal {b), and sagittal (c)
planes for a circular field of 21 mm in diameter with tertiary collimator
and for a 21x21 mm square field with linear accelerator collimator
with 4 arcs of 120° for 6 MV X-ray.
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