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1. M2
1) WE, M2 FOIS oit) W MR ot Ae 540l
AAzAT FAte] 222 gL F I 7L AR

HEA & 8 cm, =°] 15 cme] €53 Polymethylmethacrylate
(PMMA) #HE (Fig. s A-&33lch A9 F98 2o 3t
% Lol A% 3 mm, Zo] 3 mme Fo] vk PF P"Te
AAY 247 0.1 mCig AHgetgid

2) A BH|: GATE Al Edlo] 2.2 dual-head ZHu}7}e]
2}(Siemens: ECAM, Chicago, Illinois)& FAFstR o™, 4
AR Esle] BFAS Bolskdr). Blo] ulEsll o)
Uz ki g aeste] el WEA 2E71E AHgst

gom z2F7)9 I7)E 44.5%59.1%5.08 cm’o| v}, 2F7]<]

.Y axis

Fig. 2. The 3D coordinates of phantom and collimator.

oletzel : M20d M43 2009

T g7t og 1 AL 0.17 cm, A9

4 7= 02 cm
o|th. Nal (Tl) HZ7] Ze|lx2&e ar&=

44.5%59.1x0.95

1) AI23|0|M: GATE ZZ1#S o] &3}9] dual-head 7+
u}7}eleHECAM) S} MBS AL} Fig 2% 7 A9
QA5 HolF=d I Ty =F7] Aolo A+ 2
cmo| 3L SR ] FAlof] $1%]3k B9} 2579 A&lE 10 em
olt}, 2Z7]ollA 714 7S X7} Aoln zZE 7oA
XZFo 2 7hz wel Wolx & X7} codl A% CE Y
= AL BY 71 XxZ2o g BE FAog 27 +7 em
wolz r}. DO} EQ X&F I &= Be 23, YEog 7+
72+ +75 cm WolA Q) AgkmA ] &Moo ulE Hjo] =
Hlsly] 93l AHS AgsiA dka F7] FolA B F

“» bar (used for source injection)

Fig. 1. PMMA Phantom
(Radical, USA).

Fig. 3. GATE simulation.
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Table 1. Total, primary, scatter counts of the "'l (simulation).

Fig. 4. ECAM gamma camera.

Table 2. Total, primary, scatter counts of the *™Tc (simulation).

Primary Scatter Total Primary Scatter Total
(Counts), [%] (Counts), [%] (Counts) (Counts), [%] (Counts), [%] (Counts)
A 29,064 [28.16] 74,148 [71.84] 103,212 A 226,078 [78.43] 62,176 [21.57] 288,254
B 14,158 [23.73] 45,503 [76.27] 59,661 B 64,356 [53.78] 55,309 [46.22] 119,665
C 6,061 [23.08] 20,198 [76.92] 26,259 C 19,053 [43.18] 25,071 [56.82] 44,124
D 16,274 [27.59] 42,711 [72.41] 58,985 D 70,827 [64.55] 38,898 [35.45] 109,725
E 15,072 [26.32] 42,191 [73.68] 57,263 E 70,990 [64.55] 38,986 [35.45] 109,976
Air 39,241 [32.77] 80,507 [67.23] 119,748 Air 257421 [8543] 43,903 [14.57] 301,324
A3k A ellA AR sldct odlE 59 Fig. 32 4AUe] E
AA N A& A5 AlEee]A sl EsFolt flellA AX 2
gk ojg] 7ol theliA P I PMTe T FFe Ao .
1. 2&E X
1027F planar 342 F533ch oA 22 54 d%
oA ALsls Zulatelatel £ 15% oA oz Table 12 T A8 Al Falo|ldoz &53 F FA4(Y
AR I, Pe| A 327.6~400.4 keV, P"Te 126~ 154 W"Jr*}‘»%%* QA FAEES 1A 3 A3
kevel olvA] A& ALt e ALY AdE F F3t FAg), AR Rkl AET]el =R 3t
A3t =710l|A] AHgEe] <d3ks w|aekqich T)E UeRdch ojul], 9% w3tol] wE I AgkA
2) £F ME: AEdloldnt %"—J F 270l X332t Y A wES] WIS £ o 7] 4A 3] Hsle] F #A
%9 A9 AXE WA Ageet AALS AL ol i3k WiEEE YeEhdcl. GATE AlE o] Aol e
FAL o] Eoll 3 mme A ?”é:% e AL 1 AR e 7 HH benchmarkEF I sl F BT,
mCi/100 21 F 10 15 Follo] A Y& =t ool XA 7, A=k 5 94 F58 & A 34 A
0.1 mCiE 43 5 2o 9 792 "Esldceh olw] o= U JJr *PEW«I T2l ZolstA k7] wiitoll
A Tl oeto] Eureyt e Roko] "rh. 1 o] EFlAE ek Table 2 "Te A9 A Eo]
F 798 HE A A she fXell UA 24 Al Aer 53 F AR, A4 <, AR ek o ovlE
71 3 zF7194e AgE g9l sl 108 B9 94 8 = vEkith e7kA Aol thste] FF AT At
E319lth Fig. 4% ZulgtulaiolA] "o g 24 Adsl A9 ulge Vel 2694, 73.06%, P"Tcoll A 64.99, 35.01
= Esolth %2 AollUA ol wEels PlellA Aekde] vig

o
LY

A} Aol Hlsto] 2.7u)0]gl L}
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Simulation

Experiment

2. HME Yyo| Zz
Fig. 5% Bel 910614 AFeleldst 24 Aoz ¥
S8 U Mres] AAY Ggelth G4e B FE
A3t %7

256x256, YA 271 0.9x0.9 mm’o]t}, Al EH|o]
Ay mRollA P aoluA] AskAz AW &
penetration) 2 Q13+ MR Qly FAES & o vk F
& AHE7} gle A 52 1 om AR Algfsta o
Ao TAA ZestdE g 7 7l el wlaskgl
o} Fig. 6ollA A g1x|ofl w2 Pz P ee] Z 2ol
= HolErh AlEdlelAd F4 A¥Fe] vl 4 &
71 el 4 A9 s HUGgeE o] et sk
gk 2zl vehigict

3. X Z(FWHM) 2} & X|Z(FWTM)

Table 37} 4% Z+zF Pz} #"Te 441 2] PSF (Point Spread
Function) & £-4J3sle] o1& 8EX|<Z(FWHM: Full Width at Half

ost=Eel - M20& HM4s 2009

Fig. 5. The Image of point source
(located at B). Simulation of ™I
@), ®™Tc (b), experiment of "I (c)
mTe (d).

Maximum)Z} )X ZFWTM: Full Width at Tenth Maximum)-<-
HolFreh AgbA e wlgo] Yda UxAS vlgo] E
PTe] Wb ZL PRt 1.7 mm, AXZFL 49 mm &gt
ch Abgbel A o] ofgks A o® o HhE A 91Xl A}
7] SollAE F A7 ko] Aol7t thE Ao Y&
ufjol] wlsl At

Fig. 62 (¢), (DE Hw Ado] 4AghujA e FAlo 912
g BollAl &= ZE3Yo] I3 k& FAHLE A 25 o
A& HolARk, Ado] AzghufA o] 9]¢} offjol] gl= D&}
EdlA& 23 gk SASE 9 dH o] oirt 3= gk
= SAE FALAE WEls w] vigEHe ZEslde] F
AslA "olx 1 Fo] Fa gk 2 EglYol ko 7
A= 7 gko] Holtt. welA] Table 5~8olA TR A& T4
o2 QFE(Inside)? ¥ (Outside)®] HEXF3 A2 FHE
T3l L Zko] vlsk BY] 91x9f 7ke] Xel7t 9= D, E 9
A& vlazstgiel. Do Ev Wkt ohE 3 A e =7
o xstR o= gho] A< vlsdrt. Mol A FWHM
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a b
1.2 1.2
—— B_simulation —— B_simulation
1.0 B e Air_simulation LR I Air_simulation
o —— B_experiment f2) —— B_experiment
S 0.8 - Air_experiment S 0.8 -+ Air_experiment
8 8
g 06 8 061
E g
5 0.4+ 5 0.4-
z z
7
0 T T T T 1 0 T 1 T T 1
0 50 100 150 200 0 50 100 150 200
Distance of Y axis (mm) Distance of Y axis (mm)
c d
1.2 1.2
.......... A_simulation - A_simulation
1.0 1 —— B_simulation 1.0 1 T —— B_simulation
@ — — C_simulation @ i — — C_simulation
S 0.8 - A_experiment S 0.8 -+ A_experiment
8 —— B_experiment 8 —— B_experiment
—— C_experiment —— C_experiment
8 061 —® 8 061 @
g g
5 0.4+ 5 0.4
z z
0.2 1 0.2 1
0 . : 1 1 . 0 . JA‘ : . .
0 50 100 150 200 0 50 100 150 200
Distance of Y axis (mm) Distance of Y axis (mm)
e
19- T B_simulation -——- B_experiment f 194 B_simulation --—- B_experiment
e D_simulation —-+- D_experiment I D_simulation —+- D_experiment
— — E_simulation —— E_experiment — — E_simulation —— E_experiment
1.0+ 1 : 1.0 4 p
\
£ it 2 A
S 08- I S o8 N
8 I 3 ”‘\
Fosf i Fosl i
= = |
© i (]
It : Al
Eoal I a Eoad i
z ”; \ \ § z oy
] \ 4 by
0.2 I \k& ‘ 0.2 1[ | \‘\
0 T T il ﬁ{:“ T S 1 0 'JJ \Ehr— T Y e 1
0 50 100 150 200 0 50 100 150 200
Distance of Y axis (mm) Distance of Y axis (mm)
99mr 131 99m

Fig. 6. The profile of point source. ™' profile at B and air (a), *™Tc profile at B and air (b), ™I profile at A,B and ¢ (c), *™Tc profile

at A, B and c (d), ™I profile at B, D and E (e) and *™Tc profile at B, D and E (f).

o] QtZ 3zt vpgZolA o 4 mm Hol7t YR om P"Teo]  HEo] PrTert Pl WA HAYE AdAE & F
A& ok 25 mm BE] Xo]7b YAk o] AL Fig. 6), Utk
(OollA AA ] EAS et e Z231Y9 o
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Table 3. FWHM and FWTM of the '™l

Simulation Experiment
FWHM FWTM FWHM FWTM
A 59 12.5 10.9 20.0
B 14.2 26.7 15.0 30.1
C 19.29 33.0 19.6 39.9
D 12.5 25.1 14.2 26.7
E 12.5 25.8 13.9 26.9
Air 7.5 16.7 11.7 22.8
Table 4. FWHM and FWTM of the *™Tc.
Simulation Experiment
FWHM FWTM FWHM FWTM
(mm) (mm) (mm) (mm)
A 5.6 10.2 7.7 16.0
B 12.8 21.4 13.1 254
C 16.6 271 16.9 29.9
D 10.8 175 11.8 229
E 10.9 183 12.2 21.3
Air 8.9 16.5 9.8 20.9

Table 5. Scatter evaluation of variation Y-axis in material
("] simulation).

B D E
Qutside Inside Outside Inside Outside Inside

FWHM (mm) 7.0 7.1 4.5 8.1 41 8.5

FWTM (mm) 131 132 9.2 15.9 9.2 16.6

i

M

1. fIX BOIM TE L} MBAD ST SOAM At Hlw

S1%) wigholl whE dak 7toll AL, Ak ol §Fol
W olahe ol 87 3 B el AU Fu A
wde] 92 wis ket A glo] 7] Foll 9 WE w]

N

AR
kol Algdlo]Ad At Ao A=t uiA glo] 37 F
of 9J& wl X} siEl ol gl BollA] Abgki o] H]go]
Bl 2] 67.23%01 4] 76.27% %2 9.04% Z7Vs+1 3, P Teoll A
= 14.57%9 4 46.22%, 31.65% Z7Vs}= Z& Table 13} 2
of A &1 = Qlr}. w3t Melo| 9= BY AF ¥V F
o QS wl B} = BT PellA] 119,748614 59,6612
50% FHA=star, PmTeoll A= 301,324 4 119,6652 60% %
SR=As Zi% ok &= 9l 0]74 e} HHH&]- A2A L o1 A

e

oletzel : M20d M43 2009

Table 6. Scatter evaluation of variation Y-axis in material
("*"] experiment).

B D E
OQutside Inside Outside Inside Outside Inside

FWHM (mm) 75 75 52 90 52 87
FWTM (mm) 154 146 94 173 108 161

Table 7. Scatter evaluation of variation Y-axis in material
(**™Tc simulation).

B D E
Outside Inside Outside Inside Outside Inside

FWHM (mm) 6.3 6.5 3.2 75 4.0 6.8
FWTM (mm) 10.2 11.2 53 12.2 6.2 12.3

Table 8. Scatter evaluation of variation Y-axis in material
(*™T¢ experiment).

B D E
OQutside Inside Outside Inside Outside Inside

FWHM (mm) 6.6 6.6 5.0 6.9 43 79
FWTM (mm) 133 121 9.0 14.0 9.1 12.2

7F AobA MEl Yol FEE Hl%°l Z7kst7] Wil t.
Table 32} 40| 4] HFX| Z3} A% E-& #2134 Ql=d] A
ElolAdzt 34 Ay R4 71%% Aol Aol 9o
5 Abet wjdo] & uwlf HEX] -2 oF 4.3 mm, AX|FH-E 6.6
mm S7F AL & F Uk Fig. 6(a), 0)2] ZZ 3ol
AE 4«1 U8 % ghol o ¢ vkl Ade] A=A
7 oqo] 5’.7] %oﬂ 0]%

UJH 30% ﬁt;i Z2stgo] Zo| Yelth Fig. 69 Z&
TdoflA] B AlgdleldEe} 24 Ao Anr) s=a
ws TAeE A vHe] of o7k 294 gl

e A sk oA 2t

ol FAHoZ ukE HAYo] 7o FAd =] 9l
A ?-T'— Z& ol g&l BoFo] <7t X931 7] wiwolel A7
gk, = AlEEo] A 4 AgoA =9 X7 vl

SR AT k2 Aol ) ABelel el A9
ek ol Bats] FAATE Aol Al 24 A%
oA ol of2ls] o 4ol A A7 Az AT of
A% Aol o] APl BAo] T s Ak AHut
o A7 gieke g,
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The Evaluation of Scattering Effects for Various Source
Locations within a Phantom in Gamma Camera

A-Ram Yu*', Young-Sub Lee*", Jin Su Kim', Kyeong Min Kim",
Gi Jeong Cheon, Hee-Joung Kim*

*Department of Radiological Science, College of Health Science and Research
Institute of Health Science, Yonsei University, Wonju, TMolecular Imaging Research Center,
Korea Institute Radiological and Medical Science, Seoul, Korea

¥is a radiological isotope being used widely for treatment of cancer as emitting gamma-ray and it is also
applied to estimate the function of thyroid for its accumulation in thyroid. However, "'l is more difficult to
quantitate comapred to *™Tc, because "'l has multiple energy gamma-ray emissions compared to *"Tc which
iS @ mono energetic gamma-ray source. Especially, scattered ray and septal penetration resulted by high energy
gamma ray have a bad influence upon nuclear medicine image. The purpose of this study was to estimate scatter
components depending on the different source locations within a phantom using Monte Carlo simulation (GATE).
The simulation results were validated by comparing with the results of real experiments. Dual-head gamma
camera (ECAM, Chicago, lllinois Siemens) with high energy, general-purpose, and parallel hole collimators (hole
radius: 0.17 cm, septal thickness: 0.2 cm, length: 5.08 cm) was used in this experiment. The Nal crystal is
44 5X59.1 cm in height and width and 0.95 cm in thickness. The diameter and height of PMMA phantom were
16 cm and 15 cm, respectively. The images were acquired at 5 different locations of "'l point source within
the phantom and the images of *™Tc were also acquired for comparison purpose with low energy source. The
simulation results indicated that the scattering was influenced by the location of source within a phantom. The
scattering effects showed the same tendency in both simulation and actual experiment, and the results showed
that the simulation was very adequate for further studies. The results supported that the simulation techniques
may be used to generalize the scattering effects as a function of a point source location within a phantom.

Key Words: Scatter components, Monte Carlo simulation, Gamma Camera, "'l
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