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tom for CT simulator.
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Fig. 3. Field size definition from the virtual simulator and
from the DRR.
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Fig. 4. Test and Comparison of the field shape between the
virtual simulation and the DRR. A) Collimator rotation test,
B) Treatment couch rotation.

————— ¢ Virtual simulation square field
— : DRR image

Gantry direction

\ I L

Couch direction

————— : Virtual simulation field
— : DRR image

Fig. 5. Schematic principle of determining the gantry angle
from the DRR image. Field center position should move
longitudinal direction when gantry rotate.
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Fig. 7. The DRR and the v1rtual simulation images for the
couch rotation test. 6x6 cm’” field size and 60° Couch angle.

B

Fig. 6. The DRR and the virtual simulation images for the co]hmator rotation' test.
A) 24x24 e’ field size and 0° collimator angle, B) 12x12 cm® field size and 15°

collimator angle.
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Fig. 8. The DRR and the virtual simulation images for the
isocenter shift test. Couch (isocenter) was shifted 12 cm in-
ferior. DRR images of four 24x24 cm’ squares are perfectly
aligned in a line.
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B

Fig. 9. The DRR and the virtual simulation images for the isocenter shift test (z- direc-
tion). A) SSD 70 cm and 24x24 cm’ field size, B) SSD 100 cm and 24x24 cm’ field size

Longitudinal shift
due to Gantry Rotation

B

Fig. 10. The DRR and the virtual simulation images for the gantry rotation. A) 30°

gantry angle, B) 60° gantry angle.
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Fig. 11. The DRR and the virtual simulation images for the different scan condition.
Scan image shows A) 2 mm slice thickness and 10 mm index, B) 5 mm slice thickness
and 5 mm index at important point and the -other 2 mum slice thickness and 10 index.

Table 1. Differences of Geometrical Factors between the Vir-
tual Simulations and The DRR Images

Differences
Field size 0.3~0.5 mm
Collimator 05~1 °
Couch 05~1 °
Isocenter 0.5~1 mm
Gantry 05~1 °

1o gl A=

CTE o] &3lo] hFoddg o] Algdlo|dal X g2
Qo] o] B3l Aol 859 kol w3k FrlkAolct o
3k W] Agdlojde] X oz Ald Hold ZAow
st Qi ol2ldt Aol whkd CT A4e o] &
DRRE whEol] AlFdloldS 98 w9 7)s134e A%
7He 3l3Ak siglck. CT AJEalolel9) 7lslebdQl A5t
£ WES AA AL, o] CT o4& o] g3le] 744
A Agelol e Feiict. Slok o] 7 EelAEalo]
Bl(AcQSim™)E o] &3le] AA| AlxtEt WES] DRRYAS
TkEol 71313HAQl AE1E slgith o] Azt z=Am
© 3t 05 mmoluie] Hels} QIS & F Sglen, F
Zlwlole] 342t X ae) 2l glol 2 1° oe) Ho|
7} 3993, FE5AREY olFL vl wigkew 3¢ Az )
08 mm o|Hie] Xolr} Iglon], Z Wk 2 1 mm
o9 Aozt oirh UE-2 DRRE 7HE=2] 3Ad glo]
1°olije] Ao]S wAS 4 Uich CT A7He Fe4 1
ZollA 2 mm &a}ol2 FAe} 5 mm Sejo)A ZHdoZ 3

< o9} 2 mm gElola FA9 10 mm EElolx HALR
A ] FA 2702 1 DRR H4-E wEUS W o
4] Ho| Wolx & FAZ A H7E syl I
olglge] 9182 & F Ygieh Kiaran 57 29 WEo
2 248 A 249 4= 22+104~033+103 mm, F
gulole] A o= 0~05°, Xad] A A=
0~10°, 7AEZ 3A9 A= 09~18°, FTFHHY olF
< 033~220 mme] 27t HAASG R B wsgict 3
AEE] A7 FFAA olFe LAt oE 5l vl
o] whA=ES o 5= T, full field, 2 mm FElo]Xk 7,
2 mm gglol& TAZZACE Pg o] LX) Fide
AL RAFe) Craig 79 Aol AAlo] AF HE
& o] g3te] HAg A7}, DRRY 10X10 cm’ ZAHeNA 3
T 2%+ 1.06 mm, 7AEZ] 3F9 HFex= 0287, X&F
o] 3AL -01°9 &}t HAY Basgch B o
¢} Kiaran 57, Craig 579] 79} v|zaf2gte of 718t
g9l o 3Zel] tal FAZ At U-g o F U
th & oAl AFgt WEE o]Esle] 05 oluje] A
5 Z3 sep 3= A2 g ofE Yolr| wiFel o
ARk b= setup 4] 2xp7} Eidto] FHof Q). wElA
setupg & T AeiA & § gled 7 Qzlel g 2%}
o H9E U FolE 5 IT Aoz sk a2} B
AollA AFE WES DRR#} 7|33 o8] AAEH

2} Ho]7h Weule] o] 2X9} 17 o9 A expr}

A% Az Bob JUsgeRe] W9 el Solgoz®?
o WEL olg3to] CT AFalolele] F717Ql lshehd 4

SV bt ¢ & A9

-342_



10.

1.

Zn2s

. Goitein M, Abrams M, Rowell D, Poliari H, Wiles J.

Multi-dimensional treatment planning: Il. Beam's eye view,
backprojection, and projection through CT sections. Int J
Radiat Oncol Biol Phys 1983;9:789-797

. Goitein M, Miller T, Planning proton therapy of the eye.

Med Phys 1983;10:275-283

. Coia LW, Schultheiss TE, Hanks GE, eds. A Practical

Guide to CT simulation. Madison, WI; Advanced Medical
Publishing, 1995

. Jani SK, eds. CT-Simulation for Radiotherapy. Madison, W1 :

Advanced Medical Publishing, 1993

. Nishidai T, Nagata Y, Akisada M, et al. A new 3-D

planning and simulating system for radiotherapy : Part 2. Int J
Radiat Oncol Biol Phys 1990;18:499-504

. Nagata Y, Nishidai T, Abe M, et al. A new 3-D planning

and simulating system for radiotherapy : Part 2. int J Radiat
Oncol Biol Phys 1990;18:505-513

. Sherous GW, Chaney EL. Portable virtual simulator. Int J

Radiat Oncol Biol Phys 1991;21:475-482

. Smith RM, Sanfillipo LJ, Steidley KD, Kohut HT. Clinical

patterns of use of a CT-based simulator. Med Dosim 1987;
12:117-22

. Rosenman J, Sailer SL, Sherouse GW, Chaney FEL,

Tepper JE. Virtual simulation:initial clinical results. Int J
Radiat Oncol Biol Phys 1991,20:843-851

Sherous GW, Novins KL, Chaney EL. Computation of
digitally reconstructed radiographs for use in radiotherapy
treatment design. Int J Radiat Oncol Biol Phys 1990;18:651~
658

BY Yi. The Broad-beam CT Image Reconstruction from
Simulator Image. J Korean Soc Ther Radiol Oncol 1998;16:

12.

13.

14.

15.

16.

17.

18.

19.

21.

- 343 -

o

1%

AR EES| X 2000:18(4):337~344

81-86

Leavitt DD, Starkschall G, eds. Proceedings of the Xl
International Conference on the use of Computers in Ra-
diation Therapy, Salt Lake City, Medical Physics Publishing,
1997

Goitein M. The Utility of computed tomography in radiation
therapy : An estimate of outcome. Int J Radiat Oncol Biol
Phys 1979; 5:1799-1807

Nagata Y, Nishidai T, Abe M, et al. CT simulator : A
new treatment planning system for radiotherapy. Int J Radiat
Oncol Biol Phys 1987:13:176

Heidtman CM. Clinical applications of a CT-simulator : Pre-
cision treatment planning and portal marking in breast cancer.
Int J Radiat Oncol Biol Phys 1990;15:113-117

Ragan DP, He T, Mesina CF, Rantanathrathorn V. CT-
based simulation with laser patient marking. Med Phys 1993;
15:379-380

Kiaran P, McGee KP, Das L. Evaluation of digitally
reconstructed radiographs (DRRs) used for clinical radiothera-
py : A phantom study. Med Phys 1935:22:1815-1827

Fallone BG, Evans C, Clark BG, Podgorsak EB.
Verification of the correspondence between CT-simulated and
treatment beams. Med Phys 1998;25:750-751

Craig TB, Brochu J, Van Dyk J. A qualty assurance
phantom for three-dimensional radiation treatment planning.
Int J Radiat Oncol Biol Phys 1999;44:955-966

. Van Dyk J, Mah K. Simulation and Imaging for Radiation

Therapy Planning. In:Wiliams JR, Thwaites DI, eds. In
Radiotherapy Physics in Practice. Oxford, England : Oxford
University Press. 1993:113-134

McGee KP, Das W. Commissioning, Acceptance Testing, &
Quality Assurancem of a CT Simulator. In: Coia- LR, Schul-
theiss TE, Hanks GE, eds. A Practical Guide to CT simula-
tion. Madison, WI: Advanced Medical Publishing. 1995:5-23



S1EJ| 21 401:CT AIZ20IE 2 DIk 45818 BE

— Abstract

A CT Simulator Phantom for Geometrical Test

Chul Kee Min™T, Byong Yong Yi, Ph.D.", Seung Do Ahn, M.D.",
Eun Kyung Choi, M.D.", and Hyesook Chang, M.D.”

*Department of Radiation Oncology, College of Medicine, University of Ulsan, Asan Medical Center
TDepartment of Medical Physics, Kyonggi University

Purpose : To design and test the CT simulator phantom for geometrical test.

Material and Methods : The PMMA phantom was designed as a cylinder which is 20 cm in diameter
and 24 cm in length, along with a 25Xx25X3t cm® rectangular parallelepiped. Radio-opaque wires of
which diameter is 0.8 mm are attached on the other surface of the phantom as a spiral. The rectangular
phantom was made of four 24X24x05 cm® square plates and each plate had a 24X24 cmz, 12X12
cm2, 6X6 cm’ square line. The squares were placed to face the cylinder at angles 0°, 15°, 307,
respectively. The rectangular phantom made it possible to measure the field size, couch angle, the
colimator angle, the isocenter shift and the SSD, the measurements of the gantry angle from the
cylindrical part. A virtual simulation software, AcQSIm™, offered various conditions to perform virtual
simulations and these results were used to perform the geometrical quality assurance of CT simulator.
Results : A 0.3~0.5 mm difference was found on the 24 cm field size which was created with the DRR
measurements obtained by - scanning of the rectangular phantom. The isocenter shift,  the collimator
rotation, the couch rotation, and the gantry rotation test showed 0.5~1 mm, 0.5~1°05~1", and 0.5~
1 ° differences, respectively. We could not find any significant differences between the results from the two
scanning methods.

Congclusion : The geometrical test phantom developed in the study showed less than 1 mm (or 1°)
differences. The phantom could be used as a routine geometrical QC/QA tools, since the differences are
within clinically acceptable ranges.

Key Words : QC, QA, Virtual simulation, CT simulator, Digital reconstructed radiography (DRR)
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