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3 A Verification of Electron Dose Calculation of a Treatment Planning System Using Monte Carlo Algorithm

Abstract

A part of efficiency of treatment is strongly depending on accuracy of dose calculation, which should be
evaluated before implement in a clinical service. The object of this study was to verify the accuracy of
electron dose calculation for treatment planning system using Monte Carlo algorithm at depth Dmax, R90
and RSO. The test cases following AAPM TG 53, including seven geometries, namely standard source to
surface distance (SSD), extended SSD, irregular field, irregular surface 30" slopes, irregular surface 90°
step, internal heterogeneity and adjacent beams were used to verify. This study compared in two types
of difference which using Van Dyk’s criteria of acceptability to evaluate for accuracy. The first was percentage
of dose difference that was compared between the result of calculation and measurement at central axis
in water with ionization. The second was comparison dose distribution by gamma passing rate using 2D
array detector in solid water phantom. The result of percentage of dose difference between calculation
and measurement for standard SSD and extended SSD were -1.5% to 0.5%. Irregular field was -0.1% to
2.8%. The gamma passing rate was 100% in all geometry with gamma index 4%/4 mm. The average relative
error of all these geometries was acceptable and the electron dose calculation of treatment planning system

had accuracy that was acceptable from Van Dyk’s criteria and could be used in the clinical service.

Keywords: Monte Carlo algorithm, electron beam, dosimetry
Buddhachinaraj Med J 2017,;34(3):313-22.
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A Verification of Electron Dose Calculation of a Treatment Planning System Using Monte Carlo Algorithm
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Standard SSD Plane parallel 100 Dmax, RQO, R50 Central axis = 2%
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Irregular field Plane parallel 100 Dmax, Rgo, R50 Central axis £ 7%
Irregular surface (2D), 30 slope 2D array 110 Dmax, RQO, R50 4%, 4 VY.
Irregular surface (2D), 90 step 2D array 100 Dmax, RQO, R50 4%, 4 VY.
Internal heterogeneity 2D array 100 nn 1 o A Rp 4%, 4 VY.
Adjacent beams 2D array 100 NN 1 ou. Ui R 4%, 4 3.

HANIMIUFaUM I WIMITINIUTIFANEY ERINMTIAUZMINWI LTI UIIFBLENATOW
WUL9R u‘%nmﬁ;@ﬁ'anmdd’ﬁ'&ﬁmaam‘%aomol,m%'aﬁ NNAFDIIUNUSIRININ AW NWASIE standard
Snw lesmadSouifisuidesigudanuuandns SSD 3282 100 . uaasluaseh 2
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D 6 200.0 202.0 1.0
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R, 6 179.0 1818 15
12 180.0 179.0 05
R, 6 101.0 101.0 0.0
12 99.0 995 0.5
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fienlaifin 2 % swnosiimnuapad Van Dyk AMALANENIATY 05 BIENATOUNWSINK 12 MeV
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Rgo 6 180.0 179.1 0.5
12 180.0 180.0 0.0
Rso 6 99.0 99.5 -0.5
1 2 100.0 100.0 0.0
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ALANATOUNAIINY BMeV NIzes RSOLLamlu
AN9N 5

MTWN 5 OATIHIBUNNLT ANBUNWNIIF Irregular surface 30 slope

. 6 MeV 12 MeV
JCHUSAINNAN
2%2 Y. 3%3 V. 4%4 . 2%2 Y. 3%3 V. 4%4 V4.
. 93.2 97.5 100.0 941 100.0 100.0
o 96.6 100.0 100.0 93.6 100.0 100.0
87.2 924 955 100.0 100.0 100.0

50

NANIINTZANHUTNIUSIRRFUANT 0AIH Y
LLmeﬁaslﬁqmmﬁu 97.7 % luanumb N
FIRUUL Irregular surface 90" step YDIBLANATOU

Ao o

WRIH 12 MeV 73zuzdn R, Waldaasuin
WANYT 4%4 U3, WRAIlaNT9N 6

4. o , o & .
AITNN 6 DATINIWLNUNT ANWUSWUNIIR Irregular surface 90 step

. 6 MeV 12 MeV
ITHUSANNAN
2%2 WA 3%3 Wu. 4%4 WA. 2%2 Y. 3%3 V. 4%4 Wa.
. 78.7 95.3 100.0 69.3 94.0 100.0
o 78.6 100.0 100.0 76.7 100.0 100.0
76.5 100.0 100.0 248 444 97.7

50

waﬂﬁmuaaumwgﬂﬁawaaﬁnwmxﬁuﬁ%ﬁ
WUY Internal heterogeneity AATINIWILNNNN

1 6 2 A& (>
HULN V9 Van Dyk antiuludlanaseunasann
12 MeV NInNYUAN 3.75 T3, WRAIUWANTIN 7 Uas 8

A3 7 DATHBUNUINBLANATAUNRINY 6 MeV AUNTIF Internal heterogeneity

ANWAN AT WUV
(3.) 2%2 V. 3%3 V. 4%4 V.
1.75 91.6 100.0 100.0
2.75 100.0 100.0 100.0
3.75 96.6 100.0 100.0
A998 DATIHBUNNVUNBLANATOUNAINH 12 MeV NUNTIF Internal heterogeneity
ANUAN AT WUV
(¥1.) 292 1. 3%3 WA, 4%4 J.
2.75 69.6 83.6 97.8
3.75 324 55.9 82.6
4.75 70.9 99.5 100.0
5.75 98.6 100.0 100.0
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Namimuaaummgnﬁawaaé'ﬂwmzﬁuﬁ 4%.4 w.qﬂmmﬁnmummsﬁmaa Van Dyk

39RUUY Adjacent beams LilalTANaaTIHBLANLN A99137199 9 uaz 10
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282119 0 T, LUV 1 .
ANNAN (TX.)
2%2 Ju. 3%3 V. 4%4 V. 2%2 Ju. 3%3 V. 4%4 1.
1.75 52.0 100.0 100.0 45.8 98.8 100.0
2.75 100.0 100.0 100.0 100.0 100.0 100.0
@397 10 SATHNULNUINBLENATOUNAIIN 12 MeV AufiS5 adjacent beams
2V O Tl LUV 1 T
ANNAN (TX.)
2%2 Ju. 3%3 V. 4%4 V. 2%2 Ju. 3%3 V. 4%4 J.
3.25 98.0 99.7 100.0 98.4 100.0 100.0
4.25 60.8 95.8 100.0 62.9 97.6 100.0
525 93.9 100.0 100.0 95.3 100.0 100.0
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ez adjacentbeams  AWIBUTUNIITDLANATO
WAL 6 MeV Uaz 12 MeV Gala3adNdLNuIIT
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wuy'lesslulasusiia plane-parallel kazRITATIEH
LULTEWD
v a v a o A Ao a
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