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Fig. 1. Illustration of geometry assumed in the dose calculation
formalism endorsed by AAPM TG-43.

Selectron HDR Ir-192 AL¥& A2 HE o g Hlgl= n|
FEPERE 7
& OUH :?LE?_] MCNPX & }%&W SR

fo,
% oo Ry

Bl °¥3~
ﬂl
l—*)v —IIJ
ZZ
oS
f
4‘3
2 4
2
ot
3
i o
}L
:r
z
g
o]gc

01%0}04 ﬁl*&ﬁ& 71&2"‘4 o149}
HZ2 78 32 4359 MCPTE A&3to] AA
v WA gkl whg A ERske] Azl vl gl B4

ot

32 % ol

_c|>L

A E‘-% microSelectron HDR classic Ir-192 A<19] &
E8 Fol(core)7} Y FHE g W
"] A7) A742 0.6 mm, Aol= 3.5 mm
Mi 90 AISI 316L Steel Capsule®] %]

o w o
fe & 2 f rlt

i‘

o,
—_
-
=
o
N
)
Ul
o
%
o
[\®}
8
8
1o
%)
@
@,
Q
oo
=
Koy
v
9]
=]

(AISI 304)~‘Jr 7= o] °]‘:]' <A AR Bl Agse
Ir-192 A9 71884 Fz2& Fig. 29 2tk -192 A4
o YEY Fojo WEE 2242 g om olv] AUE AT
BE stainless steel 452 WEE 802 g cm “o|thY A9
< 74 AISI 316L Steel Capsule= Mn 2%, Si 1%, Cr
17%, Ni 12%, L8]3L Fe 68%% TA=o] 3o, Steel
Cable/Stem (AISI 304)2 Mn 2%, Si 1%, Cr 19%, Ni 10%,
183 Fe 68%% TFAE ] gkt

2. 7|58ty Qls=(Geometry factor, G(r,9))

(r O)et sk,

Active Ir-192 core
5.0 mm———»

£\
4

4—3.50 mm 0.60 mm 1.10 mm
MicroSelectron/HDR source

AISI 316 L steel capsule

A

mm steel cable/stem

Fig. 2. Schematic diagram of the microSelectron HDR classic
Ir-192 source.

- 191 -



[P
G(r,0) = A s, o)

jv p)dV’

oA7NA, o) AL W 499 HolAe AFHUE, V
A A)A e g AV'e AY W 9% FolAe n
A, 22w S99 QJele] AHE hehunt.
HPR o g 14 28 AYe AsleA e A
oA Y e A L%J_O.i SAste] okt ol Al
CER

F—>-1 yﬁr

2 n:?si A 4

[
rC
FE
LN
-

DI rlr

yz : point source approximation

G(r,0) = @
: line source approximation

Lrsind

o714 L& 4199 7‘°l 3 0e A
ZA X e] Aglet Aot & A4
HE ZA9x 9] A2Ee Aot 4
o] RHAol o3t s A % Ads A
o2 71H g

B ool oA

lo
3
i
X o

B35 A3 gk A9 e

o
TE F3}7] 93l microSelectron HDR Ir-192 A 2] Zo]e}
WS 77 1058 ZES 365 Rt F 3,600
eyl WA 9 HEstol (g, 3) T3k A%5E T
Q3 AL olegl vt

1 N, N, Ny 1

G(r,0)= — 3)
N[Nl'Nyﬁ ZZ ; R[l'¢2
erq»
Angle

SIS
RPN

S

Length

Fig. 3. Illustration of segmented source for calculation of
geometry factor.

85t AAPM TG-43 S|4 QIXH EOL

Ry A FAozHE F T4 wek(0=r[2)8 7o
=7 A% vl2dY F4 A Aolel 349 F7e] A
AAgE Vebdtl. Williamson S0] A A9 ZAHoE
A 7158 %

o] Aol vlwsly] 3l AL F
Ao gHe] 32 vgko g 0.1 cmollA] 14 cm AA7A] 1]
249 AR o ek Qg Tl Holg vl
g EAsdeh w3k A A9 ZAHSE AltE 7)eehA
A5 2rbslel 2 Aol S BrAee

3. 2HZZ H&HMonte Carlo calculation)

2 dFellA ZHIZE Aol o]&3F T MCNPX
250" Agslge, dlgkyd 222 ENDF/B-VI Re-
lease 8 Photo atomicg AF-&s1%th. Brog9} Rogers = 2]
ZrZ Wb o 2 AlASE 11-192 A¥he] FAjol|R] AHEH
(spectrum)<= Fig. 40l] H.%0] 0.1% o] WEE = FAlolU]
A el 7 keVollA] 885 keV 19| HrRAslE-]og H of
Toll A A-8-sloirl. MCNPX HARALE o] &-3slo] 7+ AA
o] A#E(Dose rate, D(r,0)) A A, 30 cm A7 2] F
= WE W oA F78 St Fo uallyE o]&3to
astglen] BAR B4 10% olshz Holek. HEH
4 AR 7skebA Qe el
4 ol AR o1 NS

Faksiet.

F(r.0)= D(r G(r,z/2) @

D(r, 7/2)G(r,0)

w

-
o
J

-1

-
o
N
1

-
o
1

Photons/MeV per decay/Mev

©

02 03 04 05 06 07 08 09
Energy/MeV

-
(=]

0.0 01

Fig. 4. Photon spectrum for Ir-192 radionuclide used as input
spectrum for the Monte Carlo calculations.

- 192 -



D(r, 7 12)G(, 712
g(r):?(r’”/ )G(L,z/2) )
D, 7z/2)G(r,7z/2)

ASHYREE Tl AL AL AL Ty
© % 0.25 cm, 0.5 cm, 1.0 cm, 2.0 cm, 3.0

em, 23 5.0 em ARellA] 2E(0)E FH% TelA e
1 Ao SRS 2gAE © AAE £ blSt

Table 1. Difference of geometry factor between segmented
sources used in this work and line source approximation by
Williamson. The total number of segmented sources for
active core were 27, 125, 2,600, and 3,600,000.

The number of parts Geometry factor

Length ~ Radius Angle  Total parts Max. difference
3 3 3 27 3.91%
5 5 5 125 1.66%
10 10 36 3,600 1.33%
100 100 360 3,600,000 1.24%

Table 2. Relative difference of geometry factor between point source approximation,

segmented sources integration method used in this work.
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Relative difference

Radial Geometry factor
distance (cm) Point Line This work (this work-point)/point (this work-line)/line

0.1 100.00 60.09 60.90 —39.10% 1.33%
0.2 25.00 20.54 20.65 —17.39% 0.56%
0.3 11.11 10.06 10.09 —9.18% 0.32%
0.5 4.00 3.85 3.85 —3.67% 0.14%
1.0 1.00 0.99 0.99 —0.96% 0.04%
15 0.44 0.44 0.44 —0.43% 0.02%
2.0 0.25 0.25 0.25 —0.24% 0.01%
25 0.16 0.16 0.16 —0.16% 0.01%
3.0 0.11 0.11 0.11 —0.11% 0.00%
45 0.06 0.06 0.06 —0.06% 0.00%
5.0 0.04 0.04 0.04 —0.04% 0.00%
6.0 0.03 0.03 0.03 —0.03% 0.00%
7.0 0.02 0.02 0.02 —0.02% 0.00%
8.0 0.02 0.02 0.02 —0.02% 0.00%
9.0 0.01 0.01 0.01 —0.01% 0.00%
10.0 0.01 0.01 0.01 —0.01% 0.00%
11.0 0.01 0.01 0.01 —0.01% 0.00%
12.0 0.01 0.01 0.01 —0.01% 0.00%
13.0 0.01 0.01 0.01 —0.01% 0.00%
14.0 0.01 0.01 0.01 —0.01% 0.00%
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Table 3. Relative-root mean square error (R-RMSE) of
anisotropy function and radial dose function calculated by
this work and Williamson (Ref. 6).

Distance Anisotropy function pgiance Radial dose function
(cm) R-RMSE (%) (cm) R-RMSE (%)
0.25 2.23 0.1~14.0 0.46
0.50 0.95
1.00 0.51
2.00 0.70
3.00 0.57
5.00 0.59
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Fig. 5. Anisotropy function of microSelection HDR Ir-192 source at different radial distances r. dotted line and solid line is the result
of Monte Carlo calculations of this work and Williamson, respectively.
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Evaluation of Factors Used in AAPM TG-43 Formalism Using
Segmented Sources Integration Method and Monte Carlo Simulation:
Implementation of microSelectron HDR Ir-192 Source

Woo Sang Ahn*, Won Woo Jang*, Sung Ho Park*, Sang Hoon Jung*,
Woon-Kap Cho', Young Seok Kim*, Seung Do Ahn*

*Department of Radiation Oncology, Asan Medical Center, University of Ulsan College of Medicine, Seoul,
"Radiation Research Department, Korea Institute of Nuclear Safety (KINS), Daejeon, Korea

Currently, the dose distribution calculation used by commercial treatment planning systems (TPSs) for high—dose
rate (HDR) brachytherapy is derived from point and line source approximation method recommended by AAPM
Task Group 43 (TG-43). However, the study of Monte Carlo (MC) simulation is required in order to assess the
accuracy of dose calculation around three—dimensional Ir-192 source. In this study, geometry factor was
calculated using segmented sources integration method by dividing microSelectron HDR =192 source into
smaller parts. The Monte Carlo code (MCNPX 2.5.0) was used to calculate the dose rate D(r,0) at a point
(r,0) away from a HDR Ir—192 source in spherical water phantom with 30 cm diameter. Finally, anisotropy
function and radial dose function were calculated from obtained results. The obtained geometry factor was
compared with that calculated from line source approximation. Similarly, obtained anisotropy function and radial
dose function were compared with those derived from MCPT results by Williamson. The geometry factor
calculated from segmented sources integration method and line source approximation was within 0.2% for r=0.5
cm and 1.33% for =0.1 cm, respectively. The relative-root mean square error (R-RMSE) of anisotropy function
obtained by this study and Williamson was 2.33% for /=0.25 cm and within 1% for 7> 0.5 cm, respectively. The
R-RMSE of radial dose function was 0.46% at radial distance from 0.1 to 14.0 cm. The geometry factor acquired
from segmented sources integration method and line source approximation was in good agreement for r=0.1
cm. However, application of segmented sources integration method seems to be valid, since this method using
three—dimensional Ir-192 source provides more realistic geometry factor. The anisotropy function and radial dose
function estimated from MCNPX in this study and MCPT by Williamson are in good agreement within uncertainty
of Monte Carlo codes except at radial distance of ~0.25 cm. It is expected that Monte Carlo code used in this
study could be applied to other sources utilized for brachytherapy.

Key Words: microSelectron HDR [r=192 source, Segmented sources integration method, Monte Carlo calcu—
lation, MCNPX
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