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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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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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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+230 11.25+0.95 435+1.23
2 490+285 465+1.73 9.90+2.40
3 3.50+3.40 3.85+1.63 20.85+4.50
4 6.751+2.65 3.50+2.40 1915+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

Cal Mea D Cal Mea D Cal Mea D Cal Mea D
(cGy) (cGy) (%) {Gy) (€Gy) (%) (cGy) (cGy) (%) (cGy) (cGy) (%)

R 3344 361.4+045 8.08 3312 3252+127 -—1.80 4008 3999072 020 4353 463.6+017 6.50
R2 3203  3483+028  8.60 3155 3208+121 170 3571  3614+02 120 4165 4465034 770

Rectum

Cal: calculation, Mea: measurement, D: difference

600 B AT At ol B4 AHollA A ghe vlaT
_<>_ I I { 1 = ] -] -

0{ o valdlaton " S 9 ZHBES oFAA AXSA Fa de 4%
ol k.

g500— © Chung £ ZAHUAA 28 A ehells} FA 8 Ag

& 4501 A & $2Z Ao PTWANA AZH 9112 typed] thol

& N 8 2= QAL AT AR WRel A A% 2L s

400 - th. 24 7]%4 L ICRU 380014 Az 7|54l 7pd &4

350 - 3 9ol 1E7)7h Folk AXNE NFHRYLE A3}

o] ZAso] B} kel Aol whalA] Al et +67~

0 i g } : X +608% LEhd AR whE ZAx)9] Hs) we He

Number of patient the= A Baslgdeh aela A Alel] sdeke] z2AE A

Fig. 5. This shows measured dose with TLD at the Rectal Point & A 01'“5‘ o2 X gl 717 F9k A At
(R1) in Phantom. Mals AL A% FAY) S BHsle] Al AR|sto]
REDRE S Aol H4e WHlolgn AT
AAPMM BaA YA At 15% e el A ALk vk
7 ZARgke] & Aot A2 —E-‘—,El‘%i‘;} a=a AR Waldhausl 3°"¢ vhole = &7 A W S
Aol 249 Arg B YAFHI el hEEAel v —31%ellA +90%71A] HSHE YT Qlct thol2 = 9
2 A4 w3 wfol Azke Ml dehdRA] g ez X7t 25 mm o] 4T FHo % 10% o] 4e] e
245 iek(Fig. 5) ehdohn Faeln givh olF AFeAE ICRU 3804
AL Mo} b2 BA RollA BB 249 ol
;o Y AE $% tehiz gk
Chung % Wadhzusl 52| o1+ E:ﬂ_oﬂ/ﬂ,‘i 4 F l5o]
TARAANE A AFH) P4 N A7 A AR N A SRS B HFE wPel BHEH ZAol
Aol aAFe] 2AEE g Fo RAGe] i HE A v glglw, 3 ICRU 38°M g 7Ed =
2 e B =85 o g T ICRU B7AMNE & A sbd G A4 Ad HellA 2H2 A9 B
Aol Nl AFAe A Aol BALe 2 b5 A ¢ 5 Uk
olmat xFetm ok 2El} oleld weelE HTelx B 17459 ARAAE ol E #2715 AR
A A% SART BANE PRES b4 B A4 | AFSHE AEHQAD Chung T Wadhiusl 5
& 47t gtk AT PAANEAE 2 AHE T % o AdE AnE Qg £ s
Bz ZHETZol x4 ARdHel WA ALHAT  Alew 57 A W 249 FARE AdeRA
gJRak oA TAHWAA X Zof ulE BLslrlddle o] Fletcher Suit Delclos 7175 ZHt siEoll A% slo] thole
& Aol ¥k = ASVE /AT AE HollA A £49 28 2
TLD ¥ ¥, tho]e= §" 0% o] 8eled ICRU 38 3 A% A AR %bJr Hlaste] 5% o E YRt
A A3 71FA wE BAAHNA A HA szt 2 Basta givk e g3k 2 WES 3AY F

— 227 —



ch

o

BHALE Z 28HEI X 2005;23(4):223~229

ZrollA FeatA o]5d ¢ e AXEel flengE B4
Aol Al 423 kiAol
B delA e o= A
o] FAE MAsta 349 F7AA BFsiA 01%01 7?%
sEF ARl 3 7)€Y 48
e Wl X7 Aok FEE 2P0 7)FE AXE F 3
=5 s *L‘%}7l:r‘(MFA):§'— Mo g Agi-el
2713 FYsA A EIFEE AYete] 7Y U=
& stglvt. 223 R LH°1W TLDE o]&sto] ¥4 A
RDellA ZZA3} A gkt ulawsto] o 8.6% ol &
At AHE A F YAk o] AL dd Alecut

pai'? 59 A v mANAE B A glol TAUA
o

o
i
o)
ofm

<]

ax

I EMPBP)S 2 A
A EA ] ARAE o

2

2
st

K

N =
o 2
_>,:
2o
o
lo
2T
32&
ot
ﬁm

F3 Y vlolBl g o] §s}od
2 A Mk HAE o) F
tol 2% ARZ 24T 5 ek Bk

1. Crook JM, Esche BA, Chaplain G, lose |, Sentenac |,
Horiot JC. Dose-Volume analysis and the prevention of ra—
diation sequelae in cervical cancer. Radiother Oncol 1987;8:
321-332

2. Roeske JC, Mundt AJ, Halpern H, et al. Late rectal se-
qulae following definitive radiation therapy for carcinoma of the
uterine cervix: a dosimetric analysis. Int J Radiat Oncol Biol phys
1997,37:351-358

3. Clark BG, Souhami L, Roman TN, Evans MDC, Pla C.
Rectal complications in patients with carcinoma of the cervix
treated with concomitant cisplatin and external beam irradiation
with high dose rate brachytherapy: a dosimetric analysis. Int J
Radit Oncol Biol Phys 1994;28:1243-1250

4. Shin KH, Huh SJ, Chie EK, et al. Analysis of correlation
between rectal complications and rectal dose following high
dose rate intracavitary radiotherapy in patients with uterine cervix
cancer: In vivo Dosimetric Analysis. Radiation Medicine 1999;17:
289-293

5. Eng TY, Fuller CD, Cavanaugh SX, Blough MM, Sadeghi
A, Herman T. Significant rectal and bladder dose reduction via
utilization of foley balloon catheters in high-dose-rate tandem
and ovoid intracavitary brachytherapy of the uterine cervix. Int

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

— 228 —

. Hellebust TP, Dale E, Skjonsberg A, Olsen DR.

. Gerstner NW, Wacher S, Reinstadler E, et al.

J Radiat Oncol Biol Phys 2004,59:174-178

Saarnak AE, Boersma M, Bunningen BNFM, Wolterink
R. Steggerda MJ. Inter-observer variation in delineation of
bladder and rectum contours for brachytherapy of cervical can—
cer. Radiother Oncol 2000;56:37-38

Inter
fraction variations in rectum and bladder volumes and dose
distributions during high dose rate brachytherapy treatment of
the uterine cervix investigated by repetitive CT-examinations.
Radiother Oncol 2001:60:273-280

. Pelloski CE, Palmer M, Chronowski GM, Jhingran A,

Horton J, Eifel PJ. Comparison between CT-based volume-
tric calculations and ICRU reference—point estimates of radiation
dose delivered to bladder and rectum during intracavitary ra—
diotherapy for cervical cancer. Int J Radiat Oncol Biol Phys
2005:62:131-137

Bladder
and rectum dose defined from MRI base treatment planning for
cervix cancer brachytherapy: comparison of dose-volume his—
tograms for organ contours and organ wall, comparison with
ICRU rectum and bladder reference point. Radiother Oncol
2003,68:269-276

Cunningham DE, Stryker JA, Velkley DE, Chung CK.
Routine clinical estimation of rectal, rectosigmoidal, and bladder
dose from intracavitary brachytherapy in the treatment of
carcinoma of the cervix. Int J Radiat Oncol Biol Phys 1981;
7:653-660

Kessaris N, Nori D. Rectal thermoluminescent dosimeter mea-
surements using the microSelectron high dose rate afterloader
in postoperative intravaginal radiation case. Int J Radiat Oncol
Biol Phys 1992;26:341-345

Alecu R, Alecu M. In-vivo rectal dose measurements with di-
odes to avoid misadministrations during intracavitary high dose
rate brachytherapy for carcinoma of the cervix. Med phys 1999;
26:768-770

Chung EJ, Lee SH. Comparison between the calculated and
measured dose in the rectum during high dose rate bra-
chytherapy for uterine cervical carcinomas. J Korean Soc ther
Radiol 2002;20:396-404

Joslin CA, Flynn A, Hall EJ. Computers in brachytherapy
dosimetry. In:Arnold, Principles and Practice of Brachytherapy.
1st ed. New York, Oxford University press Inc. 2001:49-52
AAPM. Task Group 40: Comprehensive QA for radiation on—
cology. Med phys 1994;21:581-618

Ogino |, Kitamura T. Okamto N, et al. Late rectal compli-
cation following high dose rate intracavitary brachytherapy in
cancer of the cervix. Int J Radiat Oncol Biol Phys 1995;32:
725-734

ICRU Report 38: Dose and volume specification for reporting
intracavitary therapy in gynecology. International Commission on
Radiation Units and Measurements, Bethesda. MD 1985
Scalchi P, Francescon P. Calibration of a MOSFET detec-
tion system for 6-MV In vivo dosimetry. Int J Radiat Oncol Biol
Phys 1998;40:987-993



19.

20.

S8k 2 80l ZEYUMAXZE U=H HES 0|88 2F U J24
Sanini AS, Zhu TC. Temperature dependence of commer— of high dose rate brachytherapy. Med phys 1998;25:1217-1221
cially available diode detectors. Med Phys 2002;29:622-630 21. Waldhausl| C, Wambersie A, Pdtter R, Georg D. In-vivo
Pai S, Reinstein LE, Gluckman G, Xu Z, Weiss T. The dosimetry for gynecological brachytherapy: physical and clinical
use of improved radiochromic film for in vivo quality assurance considerations. Radiother Oncol 2005(in press):1-8

—— Abstract

The Analysis of Dose in a Rectum by Multipurpose
Brachytherapy Phantom

Hyun Do Huh, M.S.*T, Seong Hoon Kim, Ph.D.T, 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,
TDepartment 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, Coliege of Medicine,

KyungHee University, Seoul, Korea

Purpose: In this work we designed and made MPBP (Multi Purpose Brachytherapy Phantom). The MPBP
enables one 10 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 seff-made MPBP and then rectal doses
were measured with TLD.

Results: The measurement resuits of the diode detector showed that the set-up variation of the diode detector
was the maximum 11.2520.95 mm in the y-direction for Patient 1 and the maximum 9.90+2.40 mm, 20.85+
450 mm, and 19.15x3.33 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 seli-made MPMP and the dose at the point of interest could be analyzed accurately. |f
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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