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2 AT ME g2 AUMN S ALE5I0] SFEE ZU9 ZAIHCE WAMLE S Al otHL EaMoRE AXAMH
2 Zete £ g gl M7IZE YAMXIZE o) SR 240 AZAlHe FElf S, 8 SHINL Yt ¢
x|e| 37[20M 257t MEZ THE MTEIIFAS 0835101 H| EUI/&EJ&l# ScE EHE2REAM 0| Z1E 0[&5H0d
HEAMZIT Sy & HMSIACE Spol EHM 7|F £X7(2 0.125 cc Fulo| o|2Me|ett o FAXEHY(e Hduie
& Ax|stn Aot 0015 cc Fulo| A8 o|2Me|gte] Aot 42x4.2 cm? 0|Ate] EAIHO|M = 1~4% T WA LiEt
1 1.8x1.8 o, 0l5te] AZAIHOIME 0| ZAXIEHT|off sl 8~16% Al ZHE[Qich 257t AR phe MES
7t FHE Y2 0|32 FHI|E 0|88 Scof FHR WARYE S22 QI8 2zt RAE Ho{Fa oLt MA A
FHE & LRlst ASS Foletd of 2SS 0835101 A LS Spe 2 AFZ S| HWFo| Zo8ts = A3E
deict
EMEH0]: AZAH, Eolg, M| aztels e Mzl
Sep=ScxSp ey
A-I E A=lye} 2 =z
o714 7+ QIAHEL 10x10 em™d] 7|E ZAAHeE 77
2o] gre etel e R SOl syt 7 LINACS] Fzol weh Al
FHToll g Al (microMLC) S5 Agete] =4 N )
o ek ZATOE MANSEC i oz AWRENA 71F =AW 10510 cm’ol| 2] Aol
QF = o -rg stereotactic radiosurgery:
o s U 0R BaE xS Qe 2aue] Aol wlzA
SRS A]ﬁﬂg}ﬂb} Ao g /LZA].U:]_CL 313 2= vk
)E (e} =21 -1— IaANdE SS9 %E T M ZHo B o-]° 2 o019 L‘jﬂE‘] olst Abghe o
Z3& &3t T 3L, S ol o3t Ak 3L

ol 9l Al71=4 ¥IAAX] & (intensity modulated radiation
therapy: IMRT)7} &l AJ8§=] 3L 9ict. o]#] gk SRSU IMRT
A WA X 84 A3 7F<E57](linear accelerator: LINAC)
o] EYE <k$] (monitor unit: MU)e] LHFZ Q1 BEALAX] & of|
A AL R vl AAA =7 wtell Kk gt
A7 gl MU Alste] Flulglof ghet. wheba], LzA ] o
8k Z¥ QI (scatter factor: Si)e] A& FAAEE EE
AFALS Sl 549 el A2EQI 2 (phantom  scatter
factor: S,)2} A|gk7]|AFgel A (head scatter factor: Sc)oll Tt
A3t 2857t Fasiet o3t QIAE Aol FAIAL
Holt 5Vell o8] vhg 4 ()7 zo] Z@He).
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Ao}t WA 73 (beam hardening)7} Pofvfar vhEF
o] 2227 WAl o] S, Fhe F7HAIZICkA HaE] s g)
o FSDE 3~4 m& F& 3% FF AXlA =AW
Aol AAA Hol £zAM FAH o] 7HsslAw F47]9
AE oA e 247t v S AAA =Ho] FA 9 A=A
o EAZF 9l Aoz dEAa b’ uleky Az
Z1(FSD=100 cm)oll Al S.& A8 Zlo] Kl Aghsla 4l
A de AHE A& F dout zAHA | FolRle| ut
g} AebEA e FWe L FolEojopslal ol FWE
ZA A3 ¥ (lateral electron equilibrium: LEE)S ©o|& < §iAl
geb 2y 199549 Li 500 9k Hatoll A =AW ol
4 cm o4l 7399 S. F4ollA LEE7} HEE Hart ¢l
3L, ©hA] LEE e} 22 FAE 2+ AgkEAl A A
Z} 929 (electron contamination)°] A7} = o]zl vy
th Az ol whE S8 WIle A=AHAE Fo3% ¢
A7d =HA gkom whebA] wlg F ARTIHFHES ol &
slo] S8 FAsle Aol ok FAIZE GSE ofd A+
Ao ol A Huww 9la,'” 20074 el McKerracher
=2 o] F4AZA 7] (diode detector) S ©] 8310 5 cm 2
o1&} dpa Aol AFZ7HFHE AE3I S5 SAG A
7 02% AEE 1 Ao|7t AA Y5E Hisgirh

H T4 E IMRTE &2 SRSIAE F93 249l
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ZzA o Aol tigt AE FAss die olF54
ZA7], &3 ol&A 3 Tol FE ALEw EBT L&
5& WA ez = g Wilcox 570l < EBT 2
Fol ZelZE AL Aol b A Ftel o543
A7 227t Eoll vlsl] AWH o Zol 1~3% AE =
A Z2AAn Busta gok aeu), B o Fol A e} 7o)
S & 387 AdlAe L5 3715l As] sl
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Table 1. Specifications of radiation dose detectors used in
this measurement.

Manu- Outer

Detector Active volume . Length
facture diameter
Semiflex Chamber PTW 0.125 cc 69 mm 7.2 mm
Pinpoint Chamber PTW 0.015 cc 34 mm 57 mm
Diode PTW  Detection area 7 mm Thickness
1 mm? 25p¢m
Buildup cap 15 mm

——
-

e M

detector |1 mm

Fig. 1. Solid water build-up cap with 15 mm-thickness for
diode detector.
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A8l ol glo] zAR R AAA H Gl ot o] 542}
ZA719] AA Z2AHAAL WA 1 mmol‘:'i Zulekol

Al A
AR5 FAT 2 Aow A4S 5 ek

2AW =717 AoHA5F A el FAIANE %
Wgoze] AYREL FAel Fol 57 el 2244
o geAds S

S0 24719l Aol v
4 2lo] Feh. wheba 247]

£ A =AM F °ﬂ SIH A7 = Aol FolH®
Ao} dhel. B ool A& SRSel| o]-&5| = BrainLab

ALe] gk olalln 9l M3E VarianAte] 43 71457] Clinac
iXol| Z2Fs}31 Winston-Lootz HHH & o] -&3lo] AHEhs|
7 (isocenter) S LX|A)|Z1E PTWALS] 3D #EQl MP3E A
Z|sled 0.125 cc H3] 9] 7|5 o] A3 o] &3lo] WA
10x10 cm® ZAPH 2] A E (symmetry)@t 3 B (flatness) S
ZolE 27sle] A3 WAL FASE ES F F
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AAAF) L A z2AES] 7S5 4x4 emollA] 10x10
em7HA] HEA 7| A 2 24 i3 2H AR =4
sodck 34715 0015 cc £ o] A3t o] j¢x} %
A7 a2 wbo g AXAZ F 0.6x0.6 cm,
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stod 10x10 em’9] Fo 2 A% Fo A EHUFE
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zAE gk F4- oA 33 7IE 4719 Aok
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Fig. 2. Setup diagram for measurement of output factor and
head scatter factor. The diode detector was positioned without
build-up cap at isocenter of 5 cm-depth from water surface for
output factor measurement and with build-up cap at same
position in air for S. measurement.

Table 2. The results of output factor measured at dmax With
each detector and normalized to an 10x10 cm? field.

Field size Semiflex Diode Pinpoint
(cm) chamber detector chambet
0.6x0.6 - 0.686 0.530
1.2x1.2 - 0.857 0.752
1.8x1.8 - 0.886 0.813
42x4.2 0.928 0.931 0.893
6x6 0.957 0.956 0.933
8x8 0.981 0.981 0.97
10x10 1 1 1
Ake] Az} Table 2014 & 5 A 23 2ol 2x2 em’
olele] zAMA o FLA 24719 Ak} Hol7h T
3, B mellAl Basl wpep Y o] Aol Fel¥
AA oz Qa9 BHES 23 o] 4ol 4§

sl7] FA Ak Aeks]o] S.o FAL wiAlstct 1
AX el olF4A FA71E 1A% el =& W F7
Fol| A AZ M F S AZeta oA 0.6%0.6 cm’, 1.2x1.2
m’, 1.8x1.8 cm’, 42x4.2 cm’, 6.0%6.0 cm’, 8.0x8.0 cm® L
23 10x10 em’9] Z=AhH o) vﬂo TINFA Y e =
A3k ¥ 10x10 em’] Fho 2 TFAete] AZr] Akl
ScE Tttt Z2AAXE dpoll FH A2 Sl 9
g dlFro] & F UL o] F Hsy] S 5 cm Zolell

=
A Z2Ase AL nHsg o), 5 em Zo]9 HYS o] F
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©m 1 em olete] £2AWS) ASE 1 WL el
12 4 glo] o8ld] o X} 2] WjFel 2ANHE
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% X0 B

e f

WA 24714 ZEeS 5,5 10x10 em’e] FreE 74
S 3 FLo & Table 20l UEHHSIEE 715 54719 4.2x4.2
cm’, 6.0%6.0 cm’, 8.0x8.0 cm”2] 7k 0.928, 0.957, 0.98191] H]
2l o] 542 F4719 A% 27 0931, 0.956, 0.981 %
w5 & AXslar ot &F o] A A5 =AHE
o] 10x10 cm’ollA] 42x42 cm’E FolEHA] 1~4% AL =
#olg7 YA el 0.6x0.6 cm’, 1.2x1.2 cm’, 1.8x1.8
em??] ZZAH AL o] Z4&A 2470 HlF §~16% U
S & Aol HoF3 5T Fig 304 &3 + gl
o] Atz AzA S AREE HollA] K FAlol A e
Zubo g Agke] 7hast vehbsdl 53] 6x6 em’T 7ol
3] AL 2AHANAE 2 Zol7t S FEHAA e

3 o 71 wioleh. whebA &£ o] 2] fz=A
o et AaHE AHE = glo] YATe o|F4A F4
712 FA® A Ageile 28 o548 F4719
A5 e AFAENY g3 1~3% A= AFS A 3
7Hvta 4 A Qo # Ao HHo] R AAFE
Tal7] flE A7) AR eE Fske Zeol7] wldel Al
g7 dERlrE SAY s 3
FefElold Ao g Addsto] S& AT o] AT
dlAE oS4 FA7E ol &7 2 w3t

Table 3. Head scatter factor (S.) measured at dmax With
diode detector and phantom scatter factor (Sp) calculated
from S¢, and S; results.

Field size (cm) Sep Sc Sp
0.6x0.6 0.686 0.883 0.777
1.2x1.2 0.857 0.952 0.900
1.8x1.8 0.886 0.972 0.912
2.4x2.4 - 0.987 -

3x3 - 0.994 -
3.6x3.6 - 0.998 -
42x42 0.931 0.9997 0.9313

6x6 0.956 1.001 0.955

8x8 0.981 1.002 0.979
10x10 1 1 1
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B ol A ZAE S FhS Table 30| UERNQLAL Fig. 4
off 24w el 7)ol whE S, Fhe THZE FHe) 4
zAde dall 53134S Flsiier e 2AHA
03% ool MAA S 23 YAk 10x10 em’S] Fholl H]
3 8x8 ecm’T} 6x6 cm’Y] kol 0.1~02% T =A =4 =9
£l ol 2 AFAEAT? Qe A7)E AAes] Wi
ol Aoz AztEr). whEhA, B3t 8.0 FA & A=
Az AE AAL T+ dv Wol Taslch 3 0.6%0.6
em’ollA 245 S, 7k 0.8832 detector?] 7|9} Lol w2
A7z el Zzldl sl AiF oz zAHe] 27 uf
ol A gho g W7l ol zEu Axp sl 9
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Fig. 3. Graph of output factor (Sep) measured at dmax with each
detector and normalized to an 10x10 cm” field. The uncertainty
at one standard deviation was 0.3% for all detectors.
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Fig. 4. Graph of head scatter factor (S;) measured at dmax With
diode detector and normalized to an 10x10 cm’ field. The
uncertainty at one standard deviation was 0.1% for all
detectors.
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Fig. 5. Graph of phantom scatter factor (S,) calculated from S,
and Sc results, compared with those of other authors repre-
sented as upper and lower limits at small fields.
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Determination of Phantom Scatter Factors for Small Photon Fields

Young-Kee Oh, Tae-Jin Choi*, Jin-Hee Kim, Ok-Bae Kim

Departments of Radiation Oncology, *Medical Engineering,
Keimyung University Dongsan Medical Center, Deagu, Korea

Total scatter factor (Sep), head scatter factor (Se) and phantom scatter factor (Sp) are very important for accurate
radiation therapy at stereotactic radiosurgery (SRS) with irregular field shape using micro-MLC and intensity
modulated radiation therapy (IMRT) including many small field sizes. In this study we measured and compared
Sep With reference ion chamber, pinpoint chamber and diode detector and adapted the resuls form diode detector.
Head scatter factors for small field sizes were also measured with diode detector covered 1.5 cm-thick solid
water build—up cap. Some errors like as electron contamination of 1~3% were included in the values of Sc
but trend of total results of S; was coincided with basic theory. Phantom scatter factors for small field sizes
were calculated form S, and Se. The results of S, were compared and were well-agreed with those of other

authors.

Key Words: Small field size, Output factor, Head scatter factor, Phantom scatter factor
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