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= 0.18 mm, 0.31 mm, 0.20 mm, 0.26 mm%i 11, LXI°| Z[CHZI2 2
mm3ACt, EBT3 film ZHEZ| Zi= 07, 907, 180°, 270°Z HE
2t EAH 0.19 mm, 0.21 mm, 0.19 mm, 0.31 mm%i1, L&k Z[EHZE Zt2H0.35 mm, 0.45 mm, 0.36 mm,
0.48 mmRiLCt,

A3 o Fo| x| LAk= 22
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» SHAI20]: EPID, EBT3 film, CIIZ2|H[0|E], ZHER| ZtE ZEE 0} Mg
ISE= 3D—-CRT)2} A A7) Z-ALAAAA] & (intensity modu—
lated radiation therapy, IMRT)7} AF-&-%]3L Qlt}, A7
FAAE o] &3 A9 WAMIA R Ao r 37 =AY RS JLFA EA Y (inverse radiation
A AAZH A Z(three dimensional radiation therapy, treatment planning)< 7 A 0 2 A8 H1, A
A 2o A H] #+Y ZF2 (nonuniform fluence)
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HSUS g SAHS st A= A7) Wl trdEEldolE (multileaf col-
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A7 2] (electronic portal imaging device, EPID) ©]u
A film o|H|R|E F3l ¢2] 91X 75 Brkelal £4]
S} 4= 9Jt}02 Rangel 50492 F=AH A7) 2 LA A&

AZelA 0.3 mmo] tAFe]HoH ] 9]] 2tole] 3]
CTV(clinical target volume)7} °F 2%2] A& 2}o]& K.
Aokl B s}, T3k Bai 5092] - AY}o| w2,
H] QIFeE A =E 1ot A7 AR = A=A 0.5
mm, 1 mm % 2 mm&] systematic tFgZe]|mo]E $]%]
QTR QIF) 4.63%, 8.69% H 18.32%2] AlgkF 2fo]7} HiAY
i}, whebs] g9t hgSelvolE o] g f1x] At
AEke] 7} HE=A] o] o] xjof 3ty Lee 5-199] Ay}
of W=, thdEwloly Jreyte] Al S8 A7lxd
HRAPA R 8 A Baro] ogke ux= Ao 2 Jepgth
T3k AER] 4w 2 58 'k sliding window

7IRel w2t ¥ 2 7t YERdthal Bl SkeIH, Tori
SUMIDA 5178 Garden fence testol|A] ™ gkol 7
Eg] 71t 0ol A B= 9] 917 LA Bt 0.04 mmE
UERLT] shARE S Wkl NED] 21 9079} 270°9]
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9= 242 0.24 mme} 020 mmE A2 F Z}o]
£ H3Ir} Marzena 5192 A AI7124 34 AR
F(volumetric modulated arc therapy, VMAT)®f|A] 78
Eg] 31o] w2 ohgZHols] A /-2 Sl oJs
P wrom ofggh A7 A4 wfiZol] A o= o]
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riage) AlAglo] FaHE F9 wlZo] o 55 Al
SO= O] 1A e Zpol7t Qe Ao = A2,
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film< ©]8-5}] picket fence tests Ao WEE] 2t
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1. GafChromic EBT3 film2| m’d

GafChromic EBT3 film(Ashland, USA)9] A&
H = 1~10 GyE 100 keVEE MeV ©9]9] o x| tj
stod Alahe 2a 4= Itk e 7RI LE(700)
o oJgt AgHeo] o} A AFEA Gi= ol Sk
SRR Ape}Adof| wlztelH, ekl
Foll wht filme] #-d A&7 A 4 Ao} &3k oF A
o149 filmg olgete] A 245 Sl
filmo] w}=
TH AFE SHE = vk o] qirh®

GafChromic EBT3 filmo] A%F w42 93 gol&
o 5 cm@] 114 WE(Solid water, SP34, IBA, Ger—
many)< £ AYxH 7F AZ](source skin distance,
SSD)E 100 cm .2 AAskaL, g A9 filmE 3.175%
20 cm’ A7]&2 632 ZEF 6 MV AR & 217} 0, 50,
100, 200, 300, 400 MUE 10x10 cm’ Z=APHO|| AFSH
Aot 2AME 2E filmS 24417 & EPSON Expres—
sion 11000XL(America Inc, USA)& ARg3F0] A5
I, 270 B AR 2 filmS A 54 A]2H Film QA
Pro(5.0.dv, Ashland, USA)E o]-8-5}o] 348+ U (opti—
cal density, OD) Zr2 4o filme] Al5F 335t w2 #A|
£ dotHgkrt
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EPIDQ] HAIEIEH Q)= 30x40 cm?o]H, 1,024X7683}
AR HAH QAL 2 3R] A7]5= 0.039%0.039 cm?o]
o}, AY A&717F AZl(source to image receptor dis—
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FE w3 N 3k (RS AolE
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G 9] 69l ARG YA (EPID) 9} GafChromic EBT3 filmZ: 083t thdZe|mole] Hrmwte] A AAER] 71 wigte] uhE 19 91%] =g H|iL 37t

3f picket fence testE AAI3}¥ Ty, MLC SHAPER(6.3,
Varian Medical Systems, USA)S ©]&3}¢] picket
fence test & MLC A EAES WHESLE Tt 2HolE
21719] ol A= = 2 cm® -6 cm, —4 cm, —2 cm,
0 cm, 2 cm, 4 cm, 6 cm ©]%S 3[=E A5k, gap2]
ZAPAS) 37)= 2 mmx400 mm7} HEE AT
AEelop ZejulolEle] /A4 2 AE Fol7) 9Is) 48
AE ol8sto] 071 HA=A] #Ig 5 Millennium 120
MLC7} 21 A%71<457] CLINAC iX(Varian Medical
Systems, USA)2] Ho]E0] 5 cm®] 1A HE-S £l A
A &A% #g)(source axis distance, SAD)Z 100 cm©]
=2 A9 cHFig. 1), EBT3 filmS 114 Mg 9]0
A o)A g % 1.5 cm@] 1A WES 11 7709

gap ZAPHOY 6 MV 324 100 MUS] A=-S 300 MU/

s

Rt dua
w-'f; UL

Pictures of the experimental setup for the picket fence test using EBT3 film.

Fig 2. Image of the picket fence test for leaf position accuracy. (a) EPID (b) GafChromic EBT3 film.
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i A
_75,%‘% dia}“ﬂ &9} 715114 %‘7}% 3t Film QA
Pro(5.0.dv, Ashland, USA)2} Doselab(6.80.dv, Mobius
Medical systems, USA)E 53] ttg=Ho]E]9] HY
A AYE B4

4. EPIDE 0|28} picket fence test
FZeHlolE o] 49 YA S S5k Sl
picket fence testE HA|SISIH. HEL|L} ZEfH|o]E 9
7IAA QA5 Fo)7] Sl8l BAIE ol8-5tke] 0°7F H3L
L] 813t & EBT3 filmi} 2-& 24 279 & EPID
£ o]&ste] S4st9irt EPIDE= A A&7t A7 100
cmol|A] 97§€] gap ZAFHS 6 MV ZA}A 77 MUS] A=
& 300 MU/min®] &= 217} 2AL8KITHFig, 2).
Eg] Zwo] w2 tpdZe|role] 4o 914 g &
ol 7] S8l MEZ] 2= 0°, 907, 180°, 270 M4 242+ &
gstaict. £4 2L trAZewo|el 2] 7|54
7= 993 ARTISCAN(4.6.2.dv, AQUILAB, France)d}
Doselab(6.80.dv, Mobius Medical systems, USA)2 %
aff hAZ e Ho]El 9] ¢19] $1A] HEdS w4l

=%
=

2

1. filme| MEWH

EBT3 filmo] A&wd A& A
of| A-goh= AFF gHe ARSI 6 MV FAFAlof gt
GafChromic EBT3 film& 0~400 cGyQelollA] 2-2=5t

x%/\ﬂ iﬂ‘ﬂi _T'J—KL Q‘__}

AL Ho Ut Fig. 3).
2. EPID2} EBT3 fim2 0|2
EPIDQ] 7-¢- Z0E2] 2= 0°, 90°, 180°, 270°Y w} 4

9] YA LAF= 28 4t 0,18 mm, 0,31 mm, 0.20 mm,

0.26 mm%1l, 229 HAZE 2+7F 0.44 mm, 0.54

mm, 0,34 mm, 0.44 mm$it}, EBT3 filme 7HEE] 21+

0°,90°, 180", 270" wf Jo A L2}= 242 H+t 0.19

mm, 0,21 mm, 0,19 mm, 0,31 mm%} 1L, L2}°] ZAZk

2 747} 0.35 mm, 0.45 mm, 0.36 mm, 0.48 mm%iC}

(Table 1, Fig, 4).

$t picket fence test Zat

3. CtEE2(m[0[E 2] E2| LiH|=t PAt0|S] 742
P Ho1E ] G| Hrl= EPIDE] 3¢ HEZ] 2+
0%, 90°, 1807, 270" Y wj Z}7} 4t 2.74+0.06 mm,
2.861£0.11 mm, 2.76+£0.10 mm, 2.82+0.10 mm% L,
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Fig 3. The dose correction curve of GafChromic EBT3 film.,

Table 1. The results of the picket fence test using EPID and EBT3 film according to gantry angle variation (Unit : mm)
Gantry angle
0’ 90" 180° 270° Average
EPID Average of error 0.18 0.31 0.20 0.26 0.24
Maximum value of error 0.44 0.54 0.34 0.44 0.44
EBT3 Average of error 0.19 0.21 0.19 0.31 0.22
Maximum value of error 0.35 0.45 0.36 0.48 0.41
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Fig. 4. Setup errors check points using the CBCT,

EBT3 film< 712} H+ 2.69+0,07 mm, 2.71+0,07 mm,
2.69+0.11 mm, 2.81+0,13 mm3ch,

AZe|rolEl9] FAte]Q] 72l EPIDS] 73¢9 HEF]
Z}% 0%, 907, 1807, 270" wj Z}Z} 8+t 15.01£0.03 mm,
15.0340.03 mm, 15.02+0.03 mm, 15.02+0.03 mm%}

31, EBT3 filme 712} %+ 15.02+0.02 mm, 15.01+0,03
mm, 15.01+0.02 mm, 15.03+0.03 mm$%tH(Table 2).
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Yool MEL] Zizof w2 ttAFEHolE Q] o $1A]
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2] Ak HAPF 8% 7] S718E 4= QL ARk &=
gk Lee 5199 AtollA] ZHER] 21 0°F 7|50 & 13

S o 58 A k) W09kl 27004 Bt 1.2%714] Al
FAZF AR B gt whebs] HEL

2 TR Qe thA=HolEl ] Fo 91X A7t
S Em o= ARFRo] 2 o]old] 4= Qi

2 AtollA trAZErlolE FY A LA} HA
EPID®} EBT3 film< ©]-831.2H, picket fence testS Al
Yol FHAE o] eatE EiE Hw

2= 49 9 @3= Bt 0.24 mm3eH, @29
A7 0.54 mmc) EBT3 film2 2= 99 9% &
A= et 0.22 mmSlem, @xke] XS 048 mmS)
o}, = EAUHA01= et 3.1%2 YERGTHTable 3),
EPIDO] H|&} EBT3 filmo] AtjA o2 @ 27} A vel
o EPIDS} EBT3 film 5 270°9} 90 0|4 & Z}o]
7F gebgth H2 =2 31 Eelledt A SHEARS

7}11 EPIDE 0] S} AeF EAo] ghits) Ol le ‘EAE‘r.

=

mm&] systematic

B71etit}. EPID

o) [‘Il‘
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Table 2. The results of the gap width and the distance between gaps of the MLC using the EPID and EBT3 film according

to gantry angle variation (Unit : mm)
EPID EBT3
=+ +
Gantry angle (MeanzSD) . (MeanzSD) '
. Distance . Distance
Gap width Gap width
between gaps between gaps
0° 2.74%0.06 15.01+0.03 2.6940.07 15.0240.02
90" 2.86+0.11 15.03£0.03 2.71+0.07 15.01£0.03
180° 2.76%0.10 15.02+0.03 2.6910.11 15.01+£0.02
270" 2.82%0,10 15.02+0.03 2.81+0.13 15.03£0.03
Average 2.80+0.09 15.0240.03 2.73%0.10 15.0240.03

87



P A 8813 4] 2017 5 29(2) © 83~91

Table 3. Comparison for MLC leaf position error for EPID and EBT3 film

Average of error(mm)
Gantry angle Difference(%)
EPID EBT3

0’ 0.18 0.19 5.7

90’ 0.31 0.21 32.2

180° 0.20 0.19 5.0

270° 0.26 0.31 19.2

Average 0.24 0.22 3.1
AR A, 712, FIEE 52 a3l &2k Angelo & Z Aol gk AE Wt of2} thaEHoE o] Hetsial
@2 EPIDE o}§% W= 2w 24 NGOl EPID  gUa 25l e 4] 9 BAe] ojg v 2
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Z] =S 2
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Comparative evaluation for leaf position accuracy
according to gantry angle variation in MLC quality
assurance using electronic portal imaging device(EPID)
and GafChromic EBT3 film

Department of Radiation Oncology, Chonbuk National University Hospital', Department of Radiation Oncology, Institute
for Medical Sciences, Chonbuk National University Medical School’, Institute of Clinical Medicine, Chonbuk National
University-Biomedical Research Institute, Chonbuk National University Hospital™, Jeonju, Korea

Myung Sic Yang’, Ju Kyeong Park", Seung Hun Lee’, Sun Young Lee™™, Jung Soo Kim™*,
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Hyoung Cheol Kwon™", Yang Su Kim*

Objectives: The purpose of this study was to evaluate the error of the leaf position accuracy of
the MLC due to the gravity effect according to the gantry angle by using picket fence test us-
ing EPID and GafChromic EBTS3 film.

Materials and Methods: A 5 cm solid phantom was placed on the table and the SAD was set
to 100 cm. The EBTS3 film was placed exactly over the solid phantom and covered a 1.5 cm
solid phantom and the picket fence test was performed.

The EPID was measured under the same conditions as the EBT3 film at SID 100 cm. The
gantry angles were measured at 0°, 90°, 180° and 270° in order to evaluate the position of the
MLC according to the gantry angle. For the geometric evaluation of the MLC, the leaf position
accuracy of the MLC was analyzed using the analysis program.

Results: In case of EPID, when the gantry angle was changed to 0°, 90°, 180°, 270°, the dif-
ference of the position errors of the leaves was 0.18 mm, 0.31 mm, 0.20 mm, 0.26 mm on the
average and the maximum values of the errors were respectively 0.44 mm, 0.54 mm, 0.34
mm, 0.44 mm. In case of EBT3 film, when the gantry angle was changed to 0°, 90°, 180°,
270°, the difference of the position errors of the leaves was 0.19 mm, 0.21 mm, 0.19 mm, 0.31
mm on the average and the maximum values of the errors were respectively 0.35 mm, 0.45
mm, 0.36 mm, 0.48 mm.

Conclusion: In this study, we analyzed the position error of the leaf of the MLC according to
the gantry angle, and confirmed the position error of the leaf by gravity effect.

As a result of comparing the leaf position accuracy using EPID and EBT3 film according to
the variation of gantry angle, a larger error occurred in the error analysis method using EPID
than that of EBTS3 film.

Therefore, in the case of IMRT based on MLC, as well as verification of accurate dosimetry
should be conducted, it is considered that the quality control and verification for the precise
operation of the MLC will be needed. and it is necessary to compare and verify the method of
analysis.

»Key word: EPID, EBT3 film, MLC, Gantry angle, Gravity effect, Quality assurance.
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