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Table 1. Area comparison in square fields

side of square field

calculated area [cm®’]

%error SMC

%error -SRay

63

[em] s SMC SRay

4 16 15.49 15.96 321 0.28
6 36 35.23 35.72 2.15 0.77
8 64 62.96 64.32 1.62 0.5
10 100 98.7 100.3 1.3 0.3
12 144 142.44 143.82 1.09 0.12
15 225 223.62 225.22 0.61 0.1
18 324 321.64 323.19 0.73 0.25
20 400 397.37 40243 0.66 0.61
25 625 622.66 624.68 0.37 0.05

average = SD (CV) 1.30 £091 (0.70) [%] 0.33 +0.25 (0.74) [%]

P-value (Mann-Whitney's U)

0.01

S : area calculated manually
SMC : area calculated with clarkson’s method
Ray : area calculated with ray tracing method

1—-5 HEHEIIREFIE

FB1 -3 IZBV TR A REORE %
79124720, 2HMCcoOlBREI T 72 B
WZIEBIEDSE S b 72854 1 X student-t BiE 2 H
W, 5B BN b o 7234 1dMann-Whitney's
U Mgl & B HET 2 ME 217 - 72

FE1 -4 1BV TREIHNABREORE %
19124720, 3HEMTORKET-72. /85
A MY v 7 L BEILKRKREFETH S Tukey-
Kramer % H\W 72788, KUoE 217 ) Yo h
WIEB DAL R WEMD D 2561, /7 ¥
IRT AN v 7 L EHEME T TH S Steel-
Dwass % Hw7z.

FEAHENT Y 7 ML Excel O 7 KA ¥ Th b #tat
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FTEAWEMLA B, % error-sMC 13 B4
ARSI EICKEREE 57208, % error-
sRay CTlX Z TSRO SN h o7z, 72, %
error-sMC & % error-sRay D% L L7- & &
A, BEIBECTHEIIPNSWE VI REESES
N7z (p=0010) 2%, ZEHRECV NI L HKRE
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e o fz W ORNK S TIE RS T C
s & sRay i BUFIZ—3 L, Ray tracing % %
FH 72 BE G BP TR AR BT 8501 Clarkson i & Feig L €
BAREIZBENTWAS Z EAVRENT.

Small, middle B X Nlarge # 12 B W T, s
2% 3 % sMC, sRay 8 & O % error-sMC, %
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Square #128517%5 MUmeasured, %error-
MURTPS, % error-MUMC B & UF%error-MURay
% Table. 3,4 IT/”7.

6MV D X #i%& H\ 728D % error-MURTPS, %
error-MUMC B X 18% error-MURaylZxf§ 5% &
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error-MUMC [ 3 & O %error-MUMC— %error-
MURay [ TH ZEZ 2R 5 1 72(p<001, Tukey-
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Table 2. Area comparison in irregular field groups

calculated area [cm?]

Group S SNIC SRay %error SMC %error -sRay
Small 20.46 19.3 19.83 5.67 3.07
19.31 19.86 1943 2.87 0.62
31.82 3040 30.25 444 491
21.74 20.72 21.72 467 0.08
25.71 23.87 24.82 7.13 345
average = SD (CV) 2381 £0.51 2283 £0.46 2321 €045 495+158 (0.32) [%] 242 =203 (0.84) [%]
P-value (Mann-Whitney's U) — 0.38 042 0.059
115.32 92.64 11348 19.67 1.59
114.34 95.75 11223 16.26 1.85
Middle 154.69 139.63 155.50 9.74 052
165.63 147.82 162.49 10.76 1.89
120.98 102.28 11847 15.46 2.08
average * SD (CV) 13419 +1.03 11562=120 13243105 14.38 4.1 (0.29) [%] 159 =0.62 (0.39) [%]
P-value (Mann-Whitney's U) — 0.14 0.46 0.0045
193.69 189.01 188.86 242 249
230.26 226.49 223.68 1.64 2.86
Large 212.83 203.82 208.45 423 2.06
201.36 198.34 196.64 1.50 2.34
189.84 181.38 186.58 4.46 1.72
average = SD (CV) 20560 056 19881 +£0.60 20085 +054 289 +141 (0.50) [%] 2.29 =043 (0.19) [%]
P-value (Mann-Whitney's U) — 0.3 0.32 0.46
S : area calculated manually %error-MC : relative error in s and SMC
SMC : area calculated with clarkson’s method %error-SRay : relative error in s and S’Ray
SRay . area calculated with ray tracing method
Table 3. Output error comparison in square fields in 6MV x-ray energy
Side of square field [cm] MUmeasured [M U] %error -MURTPS %error -MUMC %error -MURay
4 152.61 2.07 5.14 0.15
6 14248 1.07 249 0.94
8 136.09 1.33 0.19 1.59
10 131.28 1.52 1.91 2.14
12 127.03 1.06 2.85 1.44
15 123.78 1.85 513 1.70
18 120.82 1.95 6.36 1.81
20 118.38 1.47 6.33 1.33
25 115.21 1.41 7.51 1.09
average = SD (CV) [%] 1.53+0.37 (0.24) 4.21+245 (0.58) 1.35+0.58 (0.43)
Tukey-Kramer test — P<0.01 * N.S. *, P<0.01 *

- * 1 vs %error - MUgrps
N.S.: Not significant ,, xres
g : vs %error - MUy

MUmeasured : monitor unit calculated manually
%error-MURTPS : relative error in MUmeasured and monitor unit calculated with radiotherapy treatment planning system
%error-MUMC  : relative error in MUmeasured and monitor unit calculated by using clarkson’s method
%error-MURay  : relative error in MUmeasured and monitor unit calculated by using ray tracing method
MCIxEELREIR SN 7. BEEMNE S 72 (p<005, Steel-Dwassik). L
— %, 10MV O X# % H v 72 B @ %error- 2* L %error-MURTPS— %error-MURay [

MURTPS, %error-MUMC B & O %error-MURay FHOrERIAON o7 L XD,
WK LTORHRICEELBRREEZIT-728 2 Square # 12 B \» T MURTPS 3 & Of MURay
A, %error-MURTPS— %error-MUMC [ T & FT [ AR I MUmeasured 12 —3 L T 7225,
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Table 4. Output error comparison in square fields in 10MV x-ray energy

Side of square field [cm] MUmeasured [MU] %error -MURTPS %error -MUMC %error -MURay

4 134.88 0.61 18 0.00

6 126.95 0.20 1.56 042

8 122.27 0.12 1.34 053

10 118.02 053 0.13 0.04

12 115.84 0.16 0.39 0.06

15 113.00 0.04 0.33 0.44

18 110.73 0.11 1.00 0.72

20 109.48 0.23 0.88 0.79

25 107.63 041 0.61 0.71
average * SD (CV) [%] 0.27 £0.20 (0.74) 0.95 =055 (0.58) 041 =0.31 (0.75)

Steel-Dwass test — P<0.05 * NS * NS *

*

- c.vs % -M .
N.S.: Not significant vs 9oerror - MUgrps

1 .wvs %error - MUy

MUmeasured : monitor unit calculated manually

%error-MURTPS : relative error in MUmeasured and monitor unit calculated with radiotherapy treatment planning system
%error-MUMC : relative error in MUmeasured and monitor unit calculated by using Clarkson’s method

%error-MURay  : relative error in MUmeasured and monitor unit calculated by using ray tracing method

Table 5. Output error comparison in irregular field groups in 6MV x-ray energy

Group MUmeasured [MU] ~ %error -MURTPS %error -MUMC %error -MURay
146.79 0.35 6.04 1.29
146.56 0.54 6.93 2.09
small 142.12 0.31 457 0.36
146.55 0.70 6.50 143
14461 0.73 547 1.08
average = SD (CV) [MU] 145.33 +2.00 053 *0.19 (0.37) 590 +0.92 (0.16) 1.35 047 (0.35)
Tukey-Kramer test — P<0.01 * NS. ", P<0.01 **
130.01 0.06 157 2.09
130.01 0.11 0.89 1.70
middle 125.62 0.22 051 0.93
125.3 0.25 1.35 1.63
129.3 0.21 0.45 2.01
average = SD (CV) [MU] 128.05 +2.38 0.17 £0.08 (0.49) 0.95 050 (0.52) 167 046 (0.27)
Tukey-Kramer test — NS. * P<0.01 *, P<0.01 *
123.18 0.29 2.93 0.45
121.22 0.38 345 0.23
large 122.29 0.40 3.03 0.58
122.09 0.29 301 0.11
123.39 040 2.62 0.86
average = SD (CV) [MU] 12243 +0.88 0.35*0.06 (0.16) 3.01 £0.30 (0.10) 0.45 =0.30 (0.66)
Steel-Dwass test — P<0.05 * NS. *, P<0.05**

*

.o 1 .vs % - MUpr
NS.: Not significant =" /°¢tTor RTPS

. .vs %error - MUye

MUnmeasured : monitor unit calculated manually
%error-MURTPS : relative error in MUmeasured and monitor unit calculated with radiotherapy treatment planning system
%error-MUMC : relative error in MUmeasured and monitor unit calculated by using Clarkson’s method
%error-MURay  : relative error in MUmeasured and monitor unit calculated by using ray tracing method
MUMC T ENPRKEWE DR REEL. T2 Small, middle, large & (C$ |+ B 1% 5t
CVTEINDIELD & X, 10MV 2B % Hat TR
TEYKREL o7 Small, middle, large # 12 3 |} 5 MUmeasured,

%error-MURTPS, %error-MUMC B X U%error-
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Table 6. Output error comparison in irregular field groups in 10MV x-ray energy

Group MUnmeasured [MU]  %error -MURTPS %error -MUMC %error -MURay
131.52 0.22 1.21 0.39
131.32 0.26 1.51 0.01
small 127.85 0.33 1.31 0.13
131.26 0.33 1.90 0.72
129.74 0.22 1.45 0.20
average * SD (CV) [MU] 130.34 =1.56 0.27 £0.06 (0.21) 148 +0.27 (0.18) 0.29 =0.28 (0.95)
Tukey-Kramer test — P<0.01 * N.S. *, P<0.01 *
118.68 0.30 1.03 0.35
118.78 0.10 1.07 0.26
middle 115.83 017 041 0.20
11549 0.46 1.03 0.12
11811 0.37 1.34 045
average = SD (CV) [MU] 117.38 =£1.59 0.28 =0.15 (0.53) 0.28 £0.13 (0.46) 0.98 £0.34 (0.35)
Tukey-Kramer test — NS. * P<0.01 *, P<0.01 **
114.33 0.26 0.16 0.22
11292 0.22 0.62 0.81
large 11373 0.33 042 0.89
11352 048 0.92 1.26
11441 0.24 0.31 044
average * SD (CV) [MU] 113.78 =0.61 0.31 £0.11 (0.35) 0.72 041 (0.56) 0.49 =0.29 (0.60)
Tukey-Kramer test — NS * NS. *, NS *

MUmeasured
%error-MURTPS
%error-MUMC
%error-MURay

: monitor unit calculated manually

MURay % Table. 5, 6 {Z/RF.

6MV - X # &2 H W7z %error-MURTPS, %
error-MUMC 3 X " %error-MURay IZXf 9 % %
EHEMEZITo72 2 A, small BB & O large
FIZB W T %error-MURTPS—%error-MUMC [
B L I %error-MUMC—%error-MURay [ CH &
AR O NI, ZOMETHEHTREE, middle
12 B W T Berror-MURTPS— %error-MURay
BMTHOHEBEENPEONI-Z L TH - 72 (p<001,
Tukey-Krameri). CV TEEINLIEHD X3,
large # D %error-MURay TR & { & o 7.

10MV - X #t % W 72BE D %error-MURTPS, %
error-MUMC 8 X 0 %error-MURay (2% L T3
6] £k (2 % B HL R E 2 47 o 72 Small # Tid %
error-MURTPS— %error-MUMC ] 8 & " %
error-MUMC— %error-MURay [ TH BE 2= 25 R
5 1 72 (p<0.01, Tukey-Kramer i%:). Middle #
T X error-MURTPS— %error-MURay [H 8 &
" %error-MUMC— %error-MURay ] C#H & 7
ASE 5 N7z (p<0.01, Tukey-Kramer #:). Large

*.vs %error - MUpgrps

N.S.: Not significant  vs %error - MUy

: relative error in MUmeasured and monitor unit calculated with radiotherapy treatment planning system
: relative error in MUmeasured and monitor unit calculated by using Clarkson’s method
: relative error in MUmeasured and monitor unit calculated by using ray tracing method

HTRROWTIOMAEDLEL A ELER 2RO
Mol CVTERERINLIETSD EIX, small D
%error-MURay TR & o7z,

3. % &

LR OBEFRE RS, Ray tracing I X 5 M
WP ARG AT 43513 Clarkson 12 & 4 B G BF 1A
At & LT, BWEIZIRIC X & T RAREDZ
N LOFERELXET A2 LAURENA. 1L
(RS IR A Bk S 2 L id, MU HEHE S
FGA=FDILT 7 NAAPSRET DEL
LR o % L3 % sp Z IEARIC R 5 2 & 128
M5B, LAL sp ldEFEMNELFET 22 &N
#7295 2 HHE 72 BRSSPI IR ARAT L T&L T 5.
Zld Khan 5% 0BG %2 12, ABELMHIEARK
scp BTN A — & FELANER B sc & F 728
LML X o Tspe MM L7z BAL”Y 1Fsc
DWEIZBIT B3 A —F s RO FEEIZON
TR, FRROEZEOF I X o THRAM 2 fR



MV MGRERE BN OB BT L OB &R EERHili 67

small | middle

[T

large

Figure 1 Examples of the shapes of irregular radiation fields
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WEZUNHTX LI EIVRB IR,

b

k!l

; B

AKWFEIZH 720, Delphi # w7707 5 A
VE R e T ST E IS K THRBEZ Wz 2 & &
L7zwiR ERIRR 2 o NCHlE TR O ZHEs
FWF— F PRI LTI E W2 E T L
7o, —MEREN B LERO 20O
L ESIIN: (L RAS ] D VT 7S S =1 NI 3
F U, [FRETIE ORI BRI (B
72LET.

51 A XX ®

D BRABHIE T, 5 o JEBE G 50— MLC A~ 56T B 4
O FELAR B T — B G R B xRk
2006;20(1):93-107.

2) BRAFHIESR. EMESR TOMBREICE T X
ML IR OFFAM.  H A MBS HERE.
2000;56 (4):559-571.

MR, HFAREE, MIMER, NFE— PR
i3 4D-CT & H 72 lili ¥ A0k 3 B ARl i
GHRGAREETINC 1) 24K ehyftmEt R O ET. A
BIEE A 2011;61:114-151.

4) Tomas Moller, Ben Trumbore. Fast, minimum
storage ray-triangle intersection. Journal of
Graphics Tools. 1997;2(1):21-28.

5) HARRE W Pepoxi. AMRBU R IC B 1 2 )
W B D R HE 0 5 0 (RRHE S 512) . 28 1. 3
I C JE P RESENTSEAE 1 2013, p.199

6)Khan FM, Sewchand W, Lee J, Williamson JF.
Revision of tissue-maximum ratio and scatter-
maximum ratio concepts for cobalt 60 and higher
energy x-ray beams. Med Phys. 1980;7(3):230-
237.

DIEAMAER, k&SR, KiEH— kESE Y
=T v 7O k=5 LRI L DGR
OWIE. ZRBEGHREANFFamE.  2010.8:7-10.

Q) MEARER, /NI W)IMETE, THERIE, KA
BRI, /L JE B #E, TAERER, i G
VI 3DCRT B £ O IMRT 1281} % High-definition
Multileaf Collimator M 522, H ARG R F &
Mgk, 2012:68(7):825-834.

9)Jong Oh Kim, Jeffery V. Siebers, Paul J. Keall,
Mark R. Arnfield, Radhe Mohan. A Monte Carlo
study of radiation transport through multileaf
collimators. Med Phys. 2001;28 (12):2497-2506.



