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Fig. 1. The phantom for alignment between the CT and the
moving lasers. Acrylic cylinders of diameter 2 cm are attached
on the center and both ends of a 30 cm ruler. Each cylinder has
a 1.0 mm diameter metal wire horizontally or vertically.
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Fig. 2. A strip type MLC field of width 1.0 mm, opened around
target of diameter 1.0 mm on the phantom DRR. The center
circle shows the beam isocenter with diameter 5 mm.

Table 1. Combination of table, gantry and collimator
angle to make a starshot.

Vertical phantom Horizontal phantom

Table (°) Gantry (collimator)
90 G90 (C0), G90 (C120),
G90 (C240)
45 GO (C0), G0 (C0), Gantry (collimator)
GO (C155) GO (C0), GO (C90),
0 GO (C0), G90 (CO), G180 (C45), G180 (C135)
G155 (C0), G250 (CO0)
295 GO (CD), G270 (C0),
G205 (C0)
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Fig., 3. The process of left wall
laser adjustment in the treatment

room. A semi-transparent film is
positioned vertically using a jig
at the left side of the couch.
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made by light field of gantry
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Fig. 4. An example of film analysis. After the exposed film is
scanned and the center lines for each beam are extracted, the
mean position, hence the deviation from the target, and the
standard deviation of all the crossed points of center lines are
calculated.
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Fig. 5. Coordinates system in the treatment room. Along the
line from the left wall laser to the right one, -+X is for the
right, +Y for upward and the +Z is for gantry direction. The
figure shows the vertical phantom setup. The coordinates
system is the same for horizontal phantom setup.
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Fig. 6. Film analysis results for X-Z (horizontal: a, b, ¢, d-1) and X-Y (vertical: a, b, ¢, d-2) planes with table angles (a, b, ¢, d). The
dot with cross hair show the beam center and standard deviation derived from the film analysis, and the single dot is for the real
target position. In the case of table 295°, the difference between the beam center and the target is 1.9 mm toward gantry.

FAT AH 135 mm W9 o445 Held Zpo] 24, A Z-& isocenterd] ¥Y o F o] H 205°9) Z 2}
Fig. 82 Winston-Lutz H|2EZ &}7] A/Fell tiall, X, Y, o7} MAHAEE & + Sick 2l slo]d 9049
Z A ke ez RE A A =AW A Aol AREE Fragch

- 196 —



ZHA 2 90 HAM X2 Al XIE EEW ZA

1.0 1.0
0.8 - 0.8 o

€ 0.6 € 0.6
€ 0.4 € 041
g 0.2 > 021
o 0.0 o o 0.04
= £

T -0.24 3 -0.2
O -0.4 O -0.4
N -0.6- M -06-

: -2 = : b-2 -
_ogd @2 Table=90 —0g4 ©2 Table=45
_1‘0 T T T T T T T T T T T T T T T T T 1 _10 T T T T T T T T T T T T T T T T T i

-0.8-0.6-04-0.2 0.0 0.2 0.4 06 0.8 1.0 -0.8-0.6-0.4-0.2 0.0 0.2 04 0.6 0.8 1.0

1.4 1.0

1.2 ° 4

o 18 _ 08
g 0.8+ € 4
= 064 = 04+ o
N ' N i
S o4 $ 02
> 1 > J
£ 00l £ 09
o 027 S -0.41
s 247 N -06
M -064 (a1 - M08 by
oe (@1) Table=90 os] ©D
_1.0 T T T T T T T T T T T T T T T T T 1 - o T T T T T T T T T T T T T T T T T 1
-0.8-0.6-0.4-0.20.0 0.2 0.4 0.6 0.8 1.0 -0.8-0.6-0.4-0.2 0.0 0.2 04 0.6 0.8 1.0
-> Right (X : mm) -> Right (X : mm)
1.0 1.0
0.8 0.8
’g 06_ E 06_
€ 044 o € 04
g 0.2 é.', 0.2
2 004 2 004 —
= -0.2 = -0.21
O -0.4- O -0.4-
N -0.6- N -06-

. -2 = ) d-2 =
—0g] ©2 Table=0 o84 @2 Table=295
_10 T T T T T T T T T T T T T T T T T 1 _1.0 T T T T T T T T T T T T T T T T T 1

-0.8-0.6-04-0.20.0 0.2 0.4 06 0.8 1.0 -0.8-0.6-04-0.20.0 0.2 0.4 0.6 0.8 1.0

1.09 1.0 o

_ 08 _ 02 ;

E 06+ E 0.6

E 044 E 041

N m N N

z 0ol ° B

€ 7 =

S -0.21 S -0.24

© —0.41 o -0.4+

N =064 . — A -064 —
os (c-1) Table=0 —084 (d-1) Table=295

- Right (X : mm)

B o e e e e e e e e e e o B B e e |
-0.8-06-04-020.0 02 04 06 08 1.0

.OIIIIIIII|IIIIT|II
~0.8-0.6-04-0200 02 0.4 06 0.8 1.0

-> Right (X : mm)
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Fig. 8. Positional differences between the target and the center
of the delivered beams before and after the Winston-Lutz (W-L)
test. The maximum difference and that of table 295° decrease,
but that of 90° increases after phantom setup based on the W-L
test.
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Evaluation of the Positional Accuracy of the Delivered Beams from the
Target: A Phantom Study

Sei-Kwon Kang, Do Hoon Oh, Byung Chul Cho, KWang-Ho Cheong, Ra Hyeong Ju, Su SSan Kim,
Kyoung Ju Kim, Sang Gyu Choi, Hoonsik Bae, Rena Lee*

Department of Radiation Oncology, College of Medicine, Hallym University,
*Department of Radiation Oncology, Ewha Womans University College of Medicine

We evaluated the positional accuracy of the delivered beams to the target in a phantom by simulating the
whole process of the radiation treatments including CT scanning, planning and beam exposures with MLCs.
For this purpose, a phantom was made to calibrate the alignment between the CT and the attached laser
system. A new, convenient method was also devised to align the setup lasers in the treatment room. Film
was used for the identification of the delivered beam and analyzed with a homemade computer program. The
positional differences between the target and the beam centers varied with the couch rotations. The
accelerator we used showed a maximum discrepancy of 2.0 mm at the table angle of 295°. The same
measurements based on the new isocenter from the Winston-Lutz test resulted in the maximum of 1.35 mm
for all rotation angles. The evaluation of the differences between the target and the beam centers is useful
for the treatment planning.

Key Words: Radiation therapy, CT simulation, Positional accuracy of beam delivery, Phantom, Winston-Lutz
test
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