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2258 52 9l 2R3 oko 7 AAslid) o3l nAes T2 ol &gtk Al T Aot e A X%
e wagto 2y AAMlE St 2, FARe]  AAE QHae) aalaln] 270 e FEE 42
2SR Y ge o 3000)) Freolu] ol ) ] @ o] Skl 2APdelA Zlojol ube MRt} FUSHA
Aol k3005 AT vHE FReP) miEel] FAR Fgo.  Be 7 AL EFET AREShe FANE dAHA A
2 2k hrie] Sabel A% P ol shelel  FRIV} MREOR o5 uhel FRuE FIE 7]
tH3 41, g glon Ax WAs FSE K 954
Adutd o2 3 cm o]3}e] AR YzA Holr} YL uj (radiation dermatitis)2 52 & 4= At}10], 2ArHake #]

60-70 Gy <] WAL X 52 A|8Y51E oF 70-00% AEe] a4 AR T FEA ) 71R1E Akt FAtel HAE S7HAA 9
A EA7} 9l Aoz delA JUTH56l. Tt AR g P U AR ST g v Rgt A e W
A oA EgFe] A7 AXN FHRE ML V)% IR RA )RR 2HT ¢ 7] wlEel] YR ES
Ao 7 ZQ B 7he oA B e Hgol wrAlet 7 EIHE A @ 5 QlH11-16]. Ty ) Aol it
© Z=aolsl e B o g A1F ZARE A mlite) = V1€ ATES U dd B EL T, ZAM, Al
A g = AU H o2 7HAs) o)A AL moUA X- W oEAEE =otlon o] & AKX Rl A e
NG ol 8 v 25 ZALE Alda) oju] AL XM o 2 HEA717] e ABA A (treatment planning
YRl sj@sh= 231 Azle] njgo] Ao g gs}7)] Hol|  system, TPS)ollA A2 TG 24 230& AS7I7F A
7Fsgk el ol RAste] M-S S35k A 5AYA5S
Alegafof gheH17),

% EGA BT OE 741, Aoz el RS} whebA] B = TPSel|A]

SRR U Y=d 4
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014 ol tleh ARA NG ST B0} Ahekatel
Aol wfeh Zlol} T 5 o) 1% M3 o 35}
T FEAES AR tx FAFEZA A
(optically stimulated luminescence detectors, OSLDs)E

o] g-3te] X 8A1YAZ o2 WA} v wslaa) &t

2. 978 2 U

2.1 5% 7]

B A= A¥74:7](ONCOR Impression, Siemens,
Germany)ollA] ZE &&= 10 MV X-A1S tiao 2 3hiet
XNgAYAZ AFE TAAHRW3  slab, PTW,
Germany)-& 30x30 cm’0| L F717} 1, 2,5, 10 mmE 743
H 7o 2 2ojo] =X Zo|&E AAT 5 YL HE o] =4
o o 2 3e HYT 5 YT 1HHI 0] F}Frlel B
Az g0l otk U dold F%e] N 21
E2 o g2 AMgH B-F2(CS-BT, Chunsung, Korea)= 71
8 AAUEE 2 2457HE Doln] 5, 10 mm FAE AL
$39I0h, ela AR §E QAN (L7} 6,459 7
ol =) A% A83H510 el S £

5 30x30x0.5 cm®] I-& HA L3 FAE 78k
05} 91208 Afojel SASKES sl Hgel AHgE
el 1o 43 EATE Taple 1 24 T

ek,

=0l ALH AFAE 3 2 ol AL 95ty
A o] 035 em’el BYFAY o] eF (Roos type
34001, PTW, Germany)@} 22548 0] 0,125 cm’Q] 0] &3}
(Semiflex type 31010, PTW, Germany)< A3}t &=
st o] 2gke] T4 Aol 3 E kS AlSste H9A
(UNIDOS, PTW, Germany):= 55 29}o] 400 volr] i3]
Al 1.0010,5% o] AT}, o] 23t HeAlE 24} B 1L
A7l vid BT} £1% vk 2 wAIse

o] 23t} waf BlaLE $J3fke] ARS8 OSL A #7|= Fig.
13} o] FE7|(Microstar reader, LANDAUER, USA)%}
ALO3:C 227} YA 9x9x1.5 mm 714 2] Z2t~Y 9|7
(Nano DOT, LANDAUER Inc,, USA) 2.2 A 5o 91$)th.
OSL A &ZA o) YA ALOs:C 22He] FEAAHN T (Ze) =
1022 24 o] FEAAPHE 7,29} FAFSHY H57]9] A1f-
3} LED 4 © 2 H¥] 540 nm&] FA}=-L 71 uf) vh=E=
o] ubghe- 420 nm o] JTH1S, 19]. o] J A = éi%
A= AR M= 5 keVollA] 20 MeVZFA| 2 B4 4
A=Fd o] A o] 7k AL £2% m]ke 7““‘@}* 7t
AL Yo 1.6% o] UA] 54< 7FAIAL ST
w3 54 ¥ HuE FRAE #HE 10 Gyl Ao
1500 cGy7FAlo]aL 1 3] A2k 300 cGy o]}l FrAd o]
gk AP S 7HA AL QAo 1 o) dellAl= A el tigh
AP S AT 5 =S Ho UicH19-211,

rlo =¥

Table 1. Compared the Physical Properties of Various Solid Dry Phantom, Bolus and Beam Spoiler Materials with Water.

. Mass density Number of Electrons per gram Effective atomic number
Material 3 3 .
(glom’) (x10%) (Za)
Water 1.00 334 742
Solid dry phantom 1.00 334 -
Bolus 1.03 3.32 7.22
Beam spoiler 1.16-1.20 324 6.48
* Zarisgiven by Eq. of Z= (a ZE+ 4y Z7 M+ a, 28 e+ (171273'94)1/2'94

UDM

IIIII|II|I| uJ “ D |na

Plastic packet

Fig. 1. InLightTM OSL system. The MicroStar reader is a compact, lightweight, portable reader. OSLDs are plastic discs infused with crystals of

Al;03:C and little build-up in device itsalf.
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Fig, 2 sketgtkel 57 | Akt 9] 5.7t A 2] (beam
spoiler-to-skin distance, BSD)& AA3}7] 3t 7|5}
TZ2E BoFT) Lt ofgh o) Fd vk wishe= et
249 27 9 F 22)3 BSDY] &5, xAe) 47
7} ZAPA A7)0 % o] E3eH12,13], debd o2 FAR 1)
B 25 ZALe] ZAPAL X202 11 YA 13 em, YEO0.2
15 WA= 17 cmoll A A18H2 0 2 ARS-5| a1 9l o m[22] A}
H g Abhge] 7, XA iy Al AAEA 7] it 2
AT-ollA Alefatd e iz Holid Fakell 90% o] 32
AeFo] A=A s TFo] HastE e Ahehtke] 57
of 9 H3 Al 243t o] & fIste] APHS 12X16
cm’, ¢ 271 Agl(source-to-axis distance, SAD)E 100
em 3kie}. 5, 10, 15, 20 mme] Akt F7 o} BSDE
10 cmllA 20 ecmZ7kA] 2 em® S7HAA S743130 o]
sase HHYE o 23S ol BHAL 0.5 cm o]
& 5 ol kg olastel 24y,

SAD=100cm
05amdepth
SSD=%950m
Souce  Colimator | [Beam | -
ispoler

Movedat2cminterval |
i
| 20cm ,

Fig. 2. Reference dose of metastatic lymph node cancer was measured by
ionization chambers (0.35 cm’ parallel-plate chamber and 0.125
cm® cylindrical chamber) while the beam spoiler location was
moved at 2 cminterval from 10 cm to 20 cm, and beam spoiler for
each alocation used 0.5, 1, 1.5, 2 cm thickness, respectively.

10an

23 X8A1Y 2 XE5AYHF

bz 9] 4]l 3hale] A FAl= H 12 em F=o|th
[22]. whehA] AWML 30x30x12 em’ 2 2o} A2l 3zl
BAH- A 2 2ete] MAkstdEE ] RojX8
(LightSpeed, GE, USA)E A3t & ok AJA-S TPS
(OncetraMasterPlan, Nucletron, Nederland)oll 43}
th, TPsellA] LAY F4l ol F4F s 7143t
o] 4x4x4 cm’ 2] A 883 A A A (planning target volume,
PTVD)# 0.5 cm zlo]ol] F=d Mol FU5 715t
4x4x1 cm’9] PTV29] §34S It} x| 8A8e gz

o1& o) 291 AR BAel TP 54

g o] 8] (multileaf collimator, MLC) £ X}H| &< Z &3l
S SADE 100 cm, 10 MV X-41-& thAako 2 pTvie] x4
27Fo] 180 cGy7} HEE & 28 2ALE A3t
Fig. 32 Abehaa} EF 220 ARG wje} zlo|7} thE 7
29 PTVIF} 29 Mk ¥3lE OSL A9} o] 23to 2 =
At A A YHFTS HoFr) TPSoA A& Fd 218
DA of] BA}El] A8 o FU WHOR At
I} BEFAE H83te] S aletgke] - 9
ol A FA|9} BSDoI| wfe} A 913} ] 3 Afo]of] A
< YAAA A8 AL (Fig. 3. a) 5,10 mm F7A| &) B-F=
5 nAAME o] HHdl LA A SA3AcHFg. 3. b). o
714 Z¥zke]l 24 Zlol= H RS 0 em (B A), HE
Aol £9%20.5,1,1.5cm (XA B, C, D), T4F

WEFE 4,56 cm (FHA E, F, O 7830t

—_—

o

@

SAD=100cm
SSD=94cm | 6em
|
M A
; B
- _ c
Source Colimator LT D
71
Q E
E: i
E
~——t . F
T G
Beam spoiler Ll
10cm
(®)
SAD=100cm
SSD=94cm | 6om
|
M A
: B
- c
Source Colimator LT D
Q E
E: i
I E
L] . F
T G

0.50r1 cm Bolus |’|(_

Fig. 3. Schematic for verification of trestment planning according to used
beam spoiler and bolus. PTV 1 and 2 were reference dose of
primary and metastatic lymph node cancers with head and neck.
The dose variation was measured by ionization chambers and
optically stimulated luminescence detectors (OSLDs). Measure-
ment pointswere A: 0cm, B: 0.5cm, C: 1¢cm, D: 1.5¢m, E: 4cm,
F: 5cm, G: 6 cm depth, respectively. (a) used beam spoailer, (b)
used bolus.
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A7IEA Sgatlom Hojd kel ek o-d%3t 0.5
cm Zlo] e v 2 A ofshe] Hlash et
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Fig. 4. Variation of 0 cm and 0.5 cm depth dose for the determination of

spoiler thickness and beam spoiler-to-skin distance. (a) dose
variation of 0 cm depth, (b) dose variation of 0.5 cm depth.
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A7} 5 mm A F7Fgk) whet 59.4%914] 70.19%7FA] 523t
Al Z7Fs17} BSD7} 20 cm & o) oF 40 A =2 FA 9}
Alglo] A3 AL AHgt-S A8-51A] @2 T A =F &
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sk il Hold Fde] 7o E= 0.5 em o] Al
F2 Atte] FAZ} F7Feel wel BSD7F 10 em 4 of
91.2%01| 4] 94.5%, 12 cm & o 88.5%01 4] 91.9%7}A] F7}
stdem™ BSD7F 14 em & wiFE Ak Ho 5 ¢4
90% w|Rke 2 2718 WhEalA] 3T (Fig. 4. b). HAA
© 2 gFdee Aebge] A7 SV 5, BsD7} 74k
5= Z7FERA Y 0.5 em Zio] A g Akgdte] T o
St d5ke] S7HH = BsDe| ¥ slol| & A5 571d-&
T UATHFig. 4). wheba] Hz=d o] FFel 90% o]
9] M-S Fofalar gFdwgo] Havt He Ak
A= 0.5 cm ©]9Y3L BSDE 10 cm o] T}

I ox 12 o

3.2 XEAYAZF

(1) TPSQ| X ZAHEHS

Table 2= TPSol|A] Alghdolu) B8 AME31A] 949k
< o AgAre] ik 2 PTV1F PTV2e] HEd=
(delivery dose)¥} 82X 2F(dose volume)< H.ojEt}, 10
MV X-21 0 2 o3 24 ZAMA] 2} PTVE] a5 54l
AkgeF A=FHPTVD Al HUlA7Fe] 184 oGy, Hadwo|
170 cGy=E 90% o] Agko] A=l ovt dxxd HolA
FAHPTV2) ol Hfad o] 164 Gy, A 7ol 129 cGy=
90% w] gk Aeko] TekE]lE H g o] AT & AN
o}, &3k ZF TVl gl gt 82 52 PTV1S] 79 A 2|14
2] 87.1%7} A ¥A15ke] 95% o]/ o] A=A A
A A ol A 90% o) A ko] A=t PTV22] 79 A
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ASS HoFT), TpPsol ek XS A Y AF A F A
S wAp vjwgk A7 o] 2%l gigk OSL A gAle] ek
0.61%¢°N14] 0.94% ©]JA 3L F 0.7210.56% & Z7g%ko] 21
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£ 51.74%, PTV1S] S A E, F, GAX= 95% ko] &
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A 75%0lM 89% Aol AFHAIL D(1.5 cm) FHollA
94.71% o] A =o] YA HolAd Ffof Astad
T EFAE ANESIA] 92 739 A o] 90% o) 3 A

A A o2 Fogt 4= gl 7] wistoll A o] &3/} 74
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(2) M2HE S EFAO| X ZAHEAS

Fig. 62 BSD7} 10 cm 72| oA AH&8 0.5 cm 7 9]
Akt 0.5, 1 cm BF25 ARSSES W) PTVIY PTV2
of Ak wWisks BojEr), Ak B A5 o] 83 A8
AZHZ AN F AFAE wx} v gk A3} Abete] 44
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SV

2220 AL 05 cme= 0.70%91A  1,06%,
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SAGHTAA F A=A SAR 22k FHd) 1.39% o]
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Fig. 6ol 3| 3d3ke] Mel= 0.5 cme}t 1 cm EF2E
AFEE A 67.62%9) 87.96% 3o Ae-S ALe-s 7
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BEAFE A s BT TU S Balon 2t
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Table 2. Dose Volume Information for Planning Target Volume (PTV) without Beam Spoiler and Bolus. PTV 1 were Reference Dose of Primary Cancer
and PTV 2 were Reference Dose of Primary and Metastatic Lymph Node Cancer.

Delivery dose’ Dose volume
Label Min Max STD'
More than 100% 100-90% 90-80% Less than 80%
(cGy) (cGy) (cGy)
PTV 1 170.46 184.44 0.34 11.93 99.72 0.28 —
PTV 2 129.21 164.34 0.53 48.32 32.74 18.94

", The PTV 1 and 2 of absorbed dose to the prescribed dose. Given dose was 180 cGy.

", The standard deviation calculated by TPS.

Table 3. Cross-comparison of lonization Chambers and Optically Stimulated L uminescence Detectors (OSLDs) for Verification of Treatment Planning

used TPS, Beam spoiler, 0.5 cmand 1 cm Bolus.

Verification of treatment Measurement location Average
planning (%) (avg.xSTD)
Skin PTV 2 PTV 1
Point A B C D E F G
Depth (cm) 0 05 1 15 4 5 6
TPS 0.83 0.61 0.68 0.57 0.85 0.94 0.92 0.72+0.56
Beam spoiler 1.09 0.93 0.83 114 131 1.26 1.39 1.17+0.81
Bolus. 0.5cm 0.74 0.70 0.88 0.72 0.94 0.91 1.06 0.72+1.29
1.0cm 0.76 0.83 0.81 0.81 117 1.04 1.06 1.02+0.68
PT}/ 1
100 A
2
Q
8 90
] -+TPS
= OSLDs
E = lon chamber
o 80 4
A
o
7]
Q2
© 70 A
Q
>
'ﬁ
o 60 -
o
50 : : - - :
0 0.5 1 15 4 5 6
A B C D E F G

Measurement point (cm)

Fig. 5. Verification of treatment planning without beam spoiler and bolus in the measurement points using the ionization chambers and optically

stimulated |uminescence detectors (OSLDs).
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Fig. 6. Dose variation of PTV 1 and PTV 2 used the beam spoiler of 0.5 cm thickness at beam spoiler-to-skin distance of 10 cm and the bolus of 0.5, 1

cm thickness, respectively.
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Abstract - This study conducts cross-comparison through verification of treatment planning of using beam spoiler and bolus, according
to the dose variation of different tumor bed and metastatic lymph node cancers, against ionization and optically stimulated
luminescence detectors(OSLDs), in head and neck radiotherapy. Verification of treatment planning examined the feasibility of
inserting detectors through simulated solid dry water slabs under identical irradiated conditions from treatment planning system to
measure beam spoiler and 0.5, 1 cm bolus. In addition, two detectors were cross-compared for verification of trestment planning
accuracy and reliability within £2%. The study found that, given a beam spoiler thickness of 0.5 cm and beam spoiler-to-skin distance
of 10 cm subjected to optimal dose distribution given for metastatic lymph node cancers, the bolus low-level skin dose was less, and
the tumor bed dose reduced dlightly. Additionally, two detectors were cross-compared for accuracy within +1%. Accordingly, The use
of beam spoiler was determined that reduces skin side effects and can deliver an optimal dose distribution for tumor, and to apply to
future clinical studies should be performed.

Keywords : Beam spoiler, Bolus, lonization chamber, Optically stimulated uminescence detectors OSLDs, Cross-comparison
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