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The scale of Ir-192 source is 0.5 mm of diameter and 3.5

mm in length.

Fig. 1. Designed micro-source of Ir-192 for dummy soruce.
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Fig. 3. Flow chart for determination of source and capsule thickness through the

beamn path in a given source model.

A0, yb, A WA(y ) AFWAe) @] Qe yEo
A ZAAA Y VAL 1 o)a} r& A4 tes 2o BANA

1=
(yeé S T U8 (1a)
weby el y ol e WA Fae
(ye’; 5y tan B oot (1b)
g} o] B & itk kA
r= ((ife——?b;l .............................................................. (1c)
g} o] AFWe WAL yHo X wE FFE F

4% ¢+ Ao
Zesty TEel wel re 49 WA x*+zf=r'e hg
83, xok zol dE Fol dFw 3 dEhlE yol 9
2 AFgoezx Aed 4399 3y Cxyze €%
F 3tk

AE.
33
N
o

3. 79 mH

T FAS #HFEA Ao F1 THEY ALY
3 ok MY AE AR ge 7o WHAES ¥R
#o] 055 mm °]i, A4 FAHL FHAA 1.75 mm oA
Zofl Tt

T Fadabe)ol AR Jx, HAFe] rd THE
2HLe

o} o] EAIHH,

2] AL {ARMoZ & F

ta#—s ool 7 e -

Qe & y=7 FAsA Fu 7o

D}DMI A B, BEe F8Ad
% Adojel H7AA P(Px, Py, 0)&

AlwsiAr Sy<pydd 7
s BAYANS 22

- 1=

Tt wHo) WA
A g,
duroz

x=t-dytx,

o] 71 A,
A=d+d+dt
B=2(d(x,—
C={(x;—

+ T

2ol HAe) WAAFLE

d=y2

7 o) A%

x)+d Sy —

1) 2+ (v —

71(3] (xl,y1,21),

y= t: dy+y1,

o9 %

2 %.94 FHeN zAW P

Avke 4 A9 wih

/\]o] A9 )\

8] %"8 S (8x, Sy, Sz)

(xz,yz,zz)’% 1]"}“‘5‘ 7—(!/5_94

A REE + A 9714

— M1 dz—'_"Zg—Zl 015}

[

ya)2+ (zl_

ya)+dz(zl -

z,)
20)2 - 72



£|Ef T - AR S : ZHEAIR I-192 ofo|a 2 MYl C|X}ola}

of Zo] €t wEA wiAAES to] e 23 BAEAe] 2
& 33, F 2 Fo & gol 7ike dolth FEA uF
i 242l wyA gro] 0xth Aok ok M,
BE dFdoz & wye A9

oz Faf deth

BN
o
rlo
(s}

ok
oX
I
B=)
2
=
rE
i
i
m
flo
O

4. MAZE ZEMY

A4 F99 =AW AFH7A FHRHe =ANIAFE
“shiz dxlze] FARZRALE A ke S fEs) e
ANZRAME Ir-192 AYE o] 8¢ APXE HE34rh

FLE-60°) U AHg-137 2 Ir-1929 Zo] WA ZHZE
ALY BEE velle 2d% 43 dde SEAdY
A 7M1 #F(mgRa-eq) S AHEIIZIE 3, [-1259 Au-
1989 E2¥ e BES A3 ABIPEALS Ee FEA
Sol&d golE ALggoy, TG-3204 ZHEAL YEHA9
284 FNEe) AN G HLA=E YeEhdiE Air-ker-
ma strength & A& AFsT Yok

Air-kerma strength H|9%8 78 FHHYo] old A%
I3 ouea] i HYe] F=X, dEE T Y
1z EFE & 7 I3, B duA Y wAA Mo
AANEFe BEAE) e AT 7jdd WA LR W
ESEI7F Sdo] ofd HE B0 HET HIYLE Y

o
>
>
2
2
_\'l: -
R
N
N
ME
3]
rio,
b
(e
}O{l
N\
A
HiY
rlo
i
—
QO
[N}
r)~
dg

% rlo

> Hy

AFgME A4 Air kerma strength (S A8
Aoz " SA HYAd og dFn|FTPH e &
F =5 Ay Add FAAM % 1 emd] 2AMZFS
71Ee 2 FAsE AFERE FAIIAT

Air kerma ZE Sy = F71%9 Air kerma rate (Kr)¢}
Adel T4 oz wgAHY AgE AFstd F3 A
o7 tg3t o] Foert?

Sk = Kr 12 (UGY mMPh) i (5)

St © NCRPoIA ZEE BFAUe 2AMIZFE(exposure
rate, Rx)#E &9 @A ok &, §71F 949 AAA
g-49 29 FAA % 1 m Ado) - o FAMIF
E(exposure rate, RX)& 71F ZAIEE 3o g3 o

T8k,

MEF EN

37N ZAMIEE X' R/h °]E2& Ro& Rm“h7b 9ttt
w2t F7F NEZAIER Sce U2 B YA =
t}?

St =RX (W/€)=Xo deZ (W/E) wererererermreresioncesenceronanenenes 7)

AN

AZ F719 o]&% U (W/e)e 3397 J/CL FH&3d
7% EFAMEL 0876 cGy/R olth

Aol Qe S == FE FA wet dFgs) |
FEg AYE vAgSEIY FHAdez Fsn 7
AAdoA BrHA7R HEFAE Po], RANFEZRE
E27F dUARE S B T

47y dAL9LL 24493 HFREEE olF2Z2, FHE
AE A A SAHAM 4= 0= rAge dojzl He A
#E D(r, 0/h &

D(r, 8)/h=5Ss - A - G(r, 8)/G(ro, 6,) - g(r) - F(z, 8) .....(8)

2 Fojzich

t M%EE A4(Dose rate constant)E 9m|Ete £z

(Water phantom)W 1 U#] Air kerma strength © A9
ZoA S 1 cm Eoj3 Ao EgEE d¥ez Host
3 g o] FIch

A=D(ry, G 0)/Sh +oreereirrrriririnenien s 9)

ANE A9 718 dga dde ¥ BE, AAF
Fo} YEAee Yeas) 2 Adanst £ A5
ojnf, A 99} Zo] 2 EE AW FFAFLR e
AFANIAFSEAS H7F 350 B9E Gy h'7F €

G(r, ) A4 Hreey FUEXEFEA AUl 34
79 ¥t & B W F

Bl A2 e o] Aol

2 L

2
Hr
H
2
o
st
(E
L
iy
id

[, Loy av/ 17 =r|%]

G, §)=
fv olr’) dv’

A71M p(r)e ALY WE g Hx'y'z)lA HAEEE
A71E JeEla, dV' e uiasd ARog BEA4e 84
£ 9u)gir), Aol HAMYYA A9 Geometry Factor & A



D) =3 3, S KiKi (/) ml?fT(r)/r .................... an
3} o] F3r}
A71A K= AR &5 7

L]
A4lg RS, K
g7l U@ 2

A g5a4

ol )5, 2] 9]

AL 2] o] 2] gk F Yol Tk wl A

Hlo|t} Tr-192 AL tharst B E Holu R, Glasgow’}
=13

AAXT AR A
o1 13)
E e
a._ fAE (#en/P)E,med 0; dE
(Lonl 0) me e 1a2)
av max dE
fAE (/len/p)E,air ¢E
AFAREL Task Group-439 A97E FIS HES
A X3 Ade] AEFAE F3H Sievertz HEFol A
Qo] Fnpgre) THE A45] oYW, Fig 29 2ol A
Qg Faly] B 9FF Fo dd 2o FAE F9
3 @Al B 5 o 7159 Vs Al A3
A% gorz Fig 2(b)st o] FlARTdAYAS viEe] 4
b Qe dAdes gsta AdAe] AAREE Aok
411 o834 HuFsle 2H4BE DX VIS Paid
=)
| nl}
2 Ayl nee o3 7

zyMAL Aol 05 mm
o]7} 35 mm ¢ Ir-1928 €7 1.1 mm c°|¥ Zo] 555
mm ¢ 282 ZA(SUS3I6L) 52 Witel HEAIAH A%
8l tHFig. 4).

Fig. 12 22 779 =ydd
gl ~-2E"elojolg  AZAste
AgAA o) &8 F UA TtESAT

(Dummy)< 1.0 mm$% =

SRR CEE

] =
71§98 Fig. 2% #o] #Zo] 35 mme 9UFE 49 01
mm A9 tAa=E 35 83 4 yx2aE 25 FEI

olstgal M 14 M2 & 2003

TG-320014 AAete 4 89 N#FES A¥
AU AAFAe] AFEol AAHolof T & glon, 2
A7) A Ir-192 A9 1 mCi B Sk & 4108UE 4L
m =AW MY 2% 1 cmelA 1154 Uh™' (0.0013167

cGyem”/mCi-s)9] ZHALFES

of oM T

BE T(r)=
Ao+Ar+Ar r£+A;z Fagon,
Table 1% 7t A5 AS104424,  A=0.00522,
Ar=-000231, As=3.60534E- 5, As= 5.77645E-7 7 2t}

2y AFFo FFL F= BeFAL A9y o
e s 546}5 A=) wel Fig. 39 &A% 2ol 3
T3l B EHE 2n AFES Table 29

Zol

udd Hdese FAl
Fo2 200 mm, FWFSE +£200 mm FhEH A
%ﬂﬂﬁarﬂq%o

oh o a2 I
4 2
- 3

o
rir
%
r{o
o
2
2
—H
N
—Ll

3@ e
5

Ir-192 4R HolA =1
A 884%9 FHAFEE Bl A
of wal o 12% #HHE A& & F ANen, As 7]
o 93 AHE B3 25%) #2E BYom(Table 3), 2
2AES B3 % 1 em AR 2AAE2 EH AT
o8] 08622 ®ol oF 16%°] MFHAE ReFon, A

02 1 cm Eo4A Age
A9l AFH st 4

Table 1. Polynomial regression for mathematical models
accounting for tissue attenuation and multiple scattering in a
medium swrrounding an Ir-192 radioactive source

T (1) = Xo/Xa= Aot Ar+Aor’ +Asr’ +Ag’
A, = 1.04424
A = 0.00522
As = -0.00231
Az = 360534E-5
As = S5TT645E-7
where,

Xy : Exposure in water, X. @ Exposure in air

r: Distance in cm from source to point of calculation. Ao, A,
As, As and Aa are zero, first, second, third and fourth order
polynomial fitting coefficients.
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Table 2. Normalized to 10 mm lateral distance from central source axis as 1.154 Uh' (0.0013167 ¢Gy/mCi-cm-sec)

Y/X 0 5 10 20 30 40 50 70 100 120 200
200 0.00068  0.00076 0.00091 0.00106 0.00122 0.00122 0.00114 0.00106 0.00099 0.00076 0.00061
150 0.00160  0.00182 0.00213 0.00266 0.00273 0.00258 0.00243 0.00228 0.00182 0.00122 0.00076
100 000425  0.00532 0.00661 0.00745 0.00691 0.00653 0.00615 0.00509 0.00365 0.0019 0.00106

70 000950 001299 001626 001550 001443 001314 001155  0.00866 000539 000243  0.00122
50 001937 002955 003338 002993 002636 002218 00183 001208 0.00669  0.00281 0.00137
40 003092 005052 005113 004497 003715 002932  0.02287 001405 000720 000296  0.00137
30 0.03599  0.09641 008843 007202 005318 0.03844  0.02811 001603 000790 000304 000144
20 012953 021112 018423 012132  0.07551 0.04200 003343 001770  0.0083% 000319 00014
10 056036 075264 048325 019973 009983  0.05827  0.03761 001892 00086 000319  0.00144
5 2.75234 19867 079898 023627  0.10849 006116 003832 001922 000874 000319  0.00144

0 - 3.8314 1.00000 0.25154 0.11137 0.06207 0.03920 0.01930 0.00874 0.00327 0.00144
-5 243957 199738 0.79473 0.23589 0.10811 0.06100 0.03882 0.01922 0.00870 0.00310 0.00144
-10 049692 0.70653 048158  0.19851 009945  0.05812  0.03761 001884 000860  0.00310  0.00144
-20 0.11487 0.16691 017344 011920 007483 004870 003335 001763 000830 000310  0.00144
-30 004968 0.06533  0.07741 006944 005227 003806 00278 001595 000790  0.00300  0.00144
-40 0.02743  0.0335 0.04087 0.04239 0.03609 0.02879 0.02256 0.01390 0.00730 0.00290 0.00137
-50 0.01725  0.02021 0.02423 0.02735 0.02530 0.02165 0.01793 0.01193 0.00660 0.00280 0.00137
-70 0.00843  0.009% 001079 001299 001329 001246 001124  0.00851 000330  0.00240  0.00122
~100 0.00330  0.0041 000448 000539 000593 000600 000577 000494 000350 000190  0.00107

-150 0.00137  0.00144 0.0016 0.00175 0.00198 0.00213 0.00213 0.00213 0.00170 0.00110 0.00076

-200 0.00061  0.00061 0.00068  0.00076  0.00084  0.00091 0.00091 0.00099  0.00090  0.00070  0.00062

A% YPIAE 56%F Bel 7 ;v AEAe) 79 a9
o HAAAFFAL & F Qo om, Aasasl 28 da

Table 3. The filter attenuation effect of source self-absorp-
tion and capsule thickness at a glven reference point by
small segmented source

Reference Filter attenuation Self-absorption
Point effect effect

Y2 X2 Dose Attenuation Dose  Attenuation
(mm) (mm) (cGy) (cGy)

0 10 0.001317 0.862 0.001349 0.884
10 0 0.000737 0.560 0.000762 0.564

Wi

EZL olg3N T A Tl i A AFEHA

% (pale) ™9 = 11127} Helot

Fig. 4. Showed the fabricated dummy micro-source (a) and
the 3-dimensional source cross—sections of Ir-192 source (b).
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Fig. 5. Percent angular dose distributions show the function
of F(r, ) for single source of Ir-192. The black (marked x)
line represents the F(r, 8) of 10 mm distance from source
center and inner (marked square) line for that of 50 mm
distance.
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The Dose Characteristics of Designed
Ir-192 Micro-source for Brachytherapy

Tae-Jin Choi, Ph.D.*, Jin-Hee Kim,M.D."

*Department of Medical Physics Engineering, 7‘Deparl‘ment of Radiation Oncology
School of Medicine, Keimyung University, Daegu, Korea

The dose distributions of designed Ir-192 micro-source were investigated by dose computations which
were accomplished by employing shape of encapsule material and thickness of the source for self-
absorption. The computation dose derived from air-kerma rate (Sx) and dose rate constant (A) includes
the anisotropy of dose distribution around the source. We got the dose rate constants in a water medium
is 1.14 cGy h'U". The size of the source was 0.5 mm in diameter and 35 mm in length and it was
encapsuled in 1.1 mm® X55 mm of stainless steel sealed with 0.3 mm of filter thickness. The tissue dose
of reference point at 1.0 cm radial distance of the source axis was delivered 1.154 Uht (1.3167x107
cGy/mCi-sec) from the Sk 4.108U/mCi of Ir-192 source.

The filtration effect contributed to air-kerma strength as exponential filtering effect of 86.2% in total
attenuation, but self-absorption was 88.4% from radial dose distributions. In particular, the dose attenua-
tions showed a rapid anisotropic distributions as 56% of reference dose along to £10 degrees from the tip
of source axis and 50% for of that to source-cable direction. We persist in use the large diameter of
applicator will avoid the dose anisotropy by the filtered attenuation effects along the axis of Ir-192
Micro—source.

Key Words : Ir-192 micro-source, Tissue dose rate, Dose algorithm
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