AgARete] AN BE FRAR AAL BAA ol
77] S5ke] AE7H&7) 5 ;

1
12
ru
igal

o
>
rx
M
i1
>
gl
0
=
rx
on
I

bl

0 rlo

o ItﬂJ
[~
El
Q
é”
Q
S
=3

il
02
1o
0"
i
d
e
o
on
o
HU
A
03
lo
=
o
0x
mjo
i

2 4
0

=z
o O
re
-
2
x
mr
ru
it}
0z
>
rx

=( zl
2k ZtS R Ao HAL22 Z0|7| 93l A1Ek:7<|7(—ig|.0" M

HAE= [ALYS

FO |22 o 2
njox H
>
Wl
ol
0% Q
T o -
Pal
ol
o
I
o
H
tal
o
>
r> F

ok 2 M X2 Al EFl(tandem)Zt & A (ovoid) S AFESH BHAL 4H S CAC =2
HEI|E 0| 85l0] AEEA 7|EH RIoIM MBEYH S A|AHSIACE X} & 554 & 203] AEMEFS
J2(1 dE 5 Al clo|RE AE7|e| AH H3Kset up variation)& EAMsHAct 22| XA M=
A mEo| M MFA (Multi Function Applicator)E 0235101 X|2 A} LSt =S Aeist
M 12 Al 7| & ZE R[oM MBS FH™ ]It
A EFOIEE A9 &Y Zut 4 #Hal= 3HA} 19 Zof yarEolA &1 11252095 mmE A
ghakol A ZtZH 9.90£240 mmet 20.85+4.50 mmE LIEFIHCE 2|1 EX}F 4= Z 9hEkol A
.33 mm°| H42P§ LIEtLhQict =5t clo| 2= ZAET| &[0 w2 HaMEF 242 122.82+7.96 cGy~323.78
CGyZ UtEbCH MPBPOIAM TLDSl &8 Zit= XA #A| 7|ZF(RI)AIAM &XH I} 4= MRt
8.6%2t 77%E EH 1, K22} 32 Z+ZH 1.7%2} 1.2%2] @AME 29t a2l RTt R20A &H st
&Hx}F 29 R XM E M elstn A ibgtnt bWt 1.7~ 86"/ =2 WS LEICE J2|1 BeEE
gistet Jof we M 7ol Hate EX e M 2%b7t o] Zol 5t
A 15% LiolM Z x5t A2 —‘Er/%*EI‘RiEF.
XHI HzE ZHAE2E CEN HEMPBP)2 |2 Alet 528t =ZollM MEFEH 9
S £ =

°| JIFEHOIN M2 M

ol
-

at)

|0E
> n
_';7_
T

gt
0
Z

m ne o
%

K

© H
‘%i“rﬂ
D W M

-
N
0
CA)
rlo
S|

I+

\J

boro & g
o s I

kJ

Pt
gl

rlo Kl

Hu rz

=Xo
SO
=2|&

m > o qpn
2 >
X g

o

rh
]
e
0x
°

i
R

i o
03

0
o 2
kl

mjo
=2 0>I

— | 1=
7] sl 7 ™ M ZHMEE o|REH ST ARE 2EY T ATt wEEQICh

1
ﬂHH >

el
ik
0
2

-

=
=

il
ru
it}
ox
_>';
rx
Rall
Fu
ok
re
ofm
<
T
[us)
3
ul
N
or
Iy
o
N
+
<
M
>
n
o
oY
AT
N
ne
ogk

ok TH

r 12

BHAMM A2 C
D)

oM ,
ZFA|(TL

tilo
o
opo
e
1o
Jz
o
N
>,
2,
R
bl
Lo
o

5
T v
& AstAZIE 2cle] "k Cook §'& AFHRLO
°l =& 20051 114 149 HF3hef 2005 124 29 A< PAPIA RS 2 3487 9 SAkE o) A7 & RS 22
9% - - .
B owRo wats|ansl Fpas ¢ } A7 AT RAFY &% 48%7F Ao tig FAgolzta Busta Qirh 1
(M2-0504-03-0001) ] Q130,52 53 %] 9] oo g AREETY 0|5 A7|Edl U My g
4ol A): S 9%, qleho ok ol sho) o WA opap & mo ooz 3 CE 2Aa el ZA
Tel: 032)890-3073, 3079, Fax: 032)890-3082 ot ge d7E s, - 8t o f’iﬂ = Fl
E-mail: hyumijae@dreamwiz.com EAES ZFole =¥EE IPH Yot I Ho

- 223 -



2
ro
0z
>
x

BUSS| X 2005;23(4):223~229

© CT, MRI 5 o83t A4 9 3o ot 339 4
4 Rde o] gd M B4 Rustn gt agn
Aet A FA ARG o] 83t Ao FLAT A
o] Aol FAIFHEE HFHHSE o] U AFE A
Fatar ok 1y ol e =Folx Bsta ZH WAL
A X5 B4 S oy o drE dFS
AZS §lo] HAst ASAGZAANA AE ol o &
ato] 22 APt Qe Aotk Cunningham 50 2
2 Ao FFHNLA(TLD) 2 tole= A
7] 5% o] &3t A HelA o5 WA ®IZHS A7)
ES e E A E4S A3 =850 RuHa
a8y o]g3 =yEe BaxAE e 3o HA
T W3 At wste S AFHE o' Ut §
o] &3t ZHo] ojgd Aoty agx J43tE AE
S ol & AL ARFoZA A W SAHY 45 v
staAl AN o] AEE T ARV TES FA
N Aot L3 2707 MNEAA A AP
e Zde RuHx &1 9o

B Ao e fgoles HEVE o83ty A 4]
of A% AFE SAHsHL o] wf WEZF M W)
(Set up variation)ol] TH3F H-2S APt A A2
ZHANES G232 HES o] &3t g A9 T =
Ao S AF S AFHHIE olF = H&3
of Ao R2es Folua A

7|

Detector holder

|

Lk

"

+— Moving axis and micrometer

| €

|

Plane view of MPBP

300 mm

B

u]

H e

ek 3 2y

1. Z2EAEE =Y HEMul

therapy Phantom) &7 2! A=

Purpose  Brachy-

B 7o) AHgE ZHAES &5 dELS B0
A4 AZE AOZ Fig. 13 o] 3349 wgow

Zbestar, SAWARAA R Bed VTES AA g 5

AL AAYAT HEL WHE =7)E 34x30%30 cm’o]
o Al e B 5 AUAE B&so o]F e AULT) 0.05
mm7}A ZHEEE ALY AL olmady} gFu)

2] 3HIon Chamber), ZE(Ffilm)
2
=

2 GYFAFA(TLD) 5= AAste 324 FholA] A
gz=Ho] 7}53EE stk = o)AMY 7] (Muld
Function Applicator)E Al 2}ste] g2} X5 A8} Lg =
A0 ARVNTES AL F A=E AFsgon
AAuA Al AAduAs A% 717 AA7t 7HsEtes
sttt 2] AE] ot $FHEEHVE FEsHY
HAE AT =A o AHSA L AUAMS duAt §Y
thHFig. 2).

2. MM A AR

Fig. 39 Yeld AAY YA
7} G A (Ovoid)E A&
o2 BXEA #9939

pud

oy
~
g,
1o
>
o4
o
1t
€ =

A2 em 2 F$ 2 om He AFS AW, Point B
|, 340 mm N
{10 mm g
A
Measurement tool holder
1.
) 1¥] ]
— 1
T 300 mm

and micrometer %

‘\Moving axis
Multi function applicator

Level

T EARNEY

Side view of MPBP

Fig. 1. Diagram of a multi purpose brachytherapy phantom (MPBP). These show a design (A) for a plane figure and (B) for a side

view. (A) Plane view of MPBP, (B) Side view of MPBP.
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| Precision (1/20 mm)

| Tandem and ovoid |

Adjustment of
alevel

TLD measurement |_..

Reappeared a intra
uterine using MFA

Fig. 2. Experimental set up for dose measurement. This shows
a dose measurement for rectal dose with TLD using tandem and
ovoid applicator in the MPBP.
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Fig. 3. A set of orthogonal radiographs showing how to mark
rectal points. Barium is injected into a rectal sound, which is
verified with orthogonal radiographs, and based on these
radiographs, three rectal points, R, R1, and R3, are obtained.
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In patient

1

In phantom

Fig. 4. TLD measurement procedure, (A) and (B) are AP radiographs for patient and phantoms, respectively and (C) and (D) RL
radiographs. (E) shows the sheet from RTP system used to calculate coordinates of points of interests, so that TLDs were put at these

points.

Table 1. Variation of Setup for Diode Detector in the Rectum

Patient X (mm) Y (mm) Z (mm)
1 3.60+2.30 11.25+0.95 4.35+1.23
2 4.9042.85 4.6511.73 9.90+2.40
3 3.50+3.40 3.85+1.63 20.85+4.50
4 6.75+2.65 3.50+2.40 19.15+3.33

+X in the film points the lateral direction, +Y the feet to
head direction, and +Z the anterior to posterior direction.
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Table 2. A Comparison between Calculated Dose and Measured Dose at the Rrectal Points (R, R2) in Phantom
Patient 1 2 3 4
Rectum Cal Mea D Cal Mea D Cal Mea D Cal Mea D
(cGy) (cGy) (%) (cGy) (cGy) (%) (cGy) (cGy) (%) (cGy) (cGy) (%)
R 3344 36144045 8.08 331.2 325.2+1.27 -1.80 400.8  399.9+0.72 0.20 435.3 463.6+0.17  6.50
R2 320.3  3483+028  8.60 3155 320.8+1.21 1.70 3571 361402 1.20 416.5 446.5+0.34  7.70
Cal: calculation, Mea: measurement, D: difference
600 1 B AEE SFGAT o By MM AL G WG
5501 o poeoaton 4 FoE ZARES HAA ANA B e A4
ot}
57 ¢ Chung 57€ 2R AR A % BEAT ALE
‘;‘,’450- § § 3 22 Ao E PTWALI A AFH 9112 Eypeﬂ t}o]
g S 2= AENE D A% R HFL 2L 33
4001 th 374 71%3 2 ICRU 3894 A& NEH- e M 234
350 - 3 Aol A2/} Fole 9NE ANFHRICE A3
o ZAsle B4 Ao Ao Ty A AT} +67~
3007 ] > : ; : +608% UEFE AEE WE =9 Wz} e 43
Number of patient = AL Bustgch a8 A mAlgo] A= A
Fig. 5. This shows measured dose with TLD at the Rectal Point = WA WM oR Audte Ik FRE e FHrt
(R1) in Phantom. Mahe 2e 4% BAY) T8 RASt] Abde] QX3
JEael FAsE Aol Ao Wolsa AL
AAPM)] B Ao Axdt 15% WS WA ALt ATt
B 24g0] 2 IS Ao BARAY 2HT WA Waldndusl 57 ol o= AZv)e] A% ) ZA oA
ARl FA] A7E BY AASAHY 2y 5S4 o 31%1A +90%7A] WstE YERaL Qlth thole = 9
2 473 A5 mEe] e Walh dehiA 8e A2 A7h2S mm oYW ST 10% ode] FrjexE 1}
A4 5 At (Fig. 5) E‘r‘)rEPL FAeta Atk o]5 ZAHIAE ICRU 38904
28 AFFol e B4 WA A3 24 o
ot 3 A= = U gtk
Chung % Wadhiusl 52 7 BAaME & 5 59
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Abstract

The Analysis of Dose in a Rectum by Multipurpose
Brachytherapy Phantom

Hyun Do Huh, M.S.*", Seong Hoon Kim, Ph.D.*, Sam Ju Cho, M.S.", Suk Lee, Ph.D.},
Dong Oh Shin, Ph.D.", Soo il Kwon, Ph.D.", Hun Jung Kim, M.D.*,
Woo Chul Kim, M.D.* and John J K Loh, M.D.*

*Department of Radiation Oncology, College of Medicine, Inha University, Incheon,
¥ Department of Radiation Oncology, College of Medicine, Hanyang University, Seoul,
§Department of Radiation Oncology, College of Medicine, Korea University, Seoul,
TDepartment of Medical Physics, Kyonggi University, Gyeonggi,
"Department of Radiation Oncology, College of Medicine,

KyungHee University, Seoul, Korea

Purpose: In this work we designed and made MPBP (Multi Purpose Brachytherapy Phantom). The MPBP
enables one to reproduce the same patient set-up in MPBP as the treatment of the patient and we tried to
get an exact analysis of rectal doses in the phantom without need of in-vivo dosimetry.

Materials and Methods: Dose measurements were tried at a point of rectum 1, the reference point of rectum,
with a diode detector for 4 patients treated with tandem and ovoid for a brachytherapy of a cervix cancer. Total
20 times of rectal dose measurements were made with 5 times a patient. The set-up variation of the diode
detector was analyzed. The same patient set-ups were reproduced in self-made MPBP and then rectal doses
were measured with TLD.

Results: The measurement results of the diode detector showed that the set-up variation of the diode detector
was the maximum 11.25£0.95 mm in the y-direction for Patient 1 and the maximum 9.90+2.40 mm, 20.85+
450 mm, and 19.15+3.33 mm in the z-direction for Patient 2, 3, and 4, respectively. In analyzing the degree
of variation in 3 directions the more variation was showed in the z-direction than x- and y-direction except
Patient 1. The results of TLD measurements in MPBP showed the relative maximum error of 8.6% and 7.7%
at a point of rectum 1 for Patient 1 and 4, respectively and 1.7% and 1.2% for Patient 2 and 3, respectively.
The doses measured at R1 and R2 were higher than those calculated except R point of Patient 2. This can
be thought to related to the algorithm of dose calculation, whcih corrects for air and water but is guessed not
to consider the correction for the scattered rays, but by considering the self-error (£5%) TLD has the relative
error of values measured and calculated was analyzed to be in a good agreement within 15%.
Conclusion: The reproducibility of dose measurements under the same condition as the treatment could be
achieved owing to the self-made MPMP and the dose at the point of interest could be analyzed accurately. If
a treatment is performed after achieving dose optimization using the data obtained in the phantom, dose will
be able to be minimized to important organs.

Key Words: Brachytherapy, MPBP (multi purpose brachytherapy phantom), MFA (multi function applicator),
Diode detector, TLD
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