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Calculation of Dose Distributions in Brachytherapy by Personal Microcomputer
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Department of Radiology, College of Medicine, Yonsei University

In brachytherapy, it is important to determine the positions of the radiation sources which

are inserted into a patient and to estimate the dose resulting from the treatment.

Calculation of the dose distribution throughout an implant is so laborious that it is rarely
done by manual methods except for model cases.

It is possible to calculate isodose distributions and tumor doses for individual patients by
the use of a microcomputer.

In this program, the dose rate and dose distributions are calculated by numerical integration
of point source and the localization of radiation sources are obtained from two radiographs at
right angles taken by a simulator developed for the treatment planning.

By using microcomputer for brachytherapy, we obtained the result as following

1. Dose calculation and irradiation time for tumor could be calculated under one or five

seconds after input data.

2. It was same value under42% error between dose calculation by computer program and
measurement dose.

3. It took about five minutes to reconstruct completely dose distribution for intracavitary
irradiation.

4. Calculating by computer made remarkly reduction of dose errors compared with Quimby’s
calculation in interstitial radiation implantation.

5. It could calculate the biological isoeffect dosei for high and low dose rate activities.
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EBRHA K&

NRIES HEE FHESHYl B3 Microcomputer (4
947 Apple I)E: 2% 13 o] 48KB9| *3HE
BB\ (CPU) 9} Floppy disk driver, 9 CRT monitor
A printer 2 FRIA G2 AR BERE AL 4
d & tablet & HifEAA + Qo= EE program 3}
¥ = Floppy disk ol F2EAA EASIA (Y 2).
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ﬁp:%gp(t)w(d) .............................. <))

ﬁp : absorbed dose rate(rad/hr)
A :activity(mCi)

f : rad/R conversion factor

I : gammer factor(Rcm?/mCi-hr)
F : absorbed factor for filter

t : filter thickness(cm)

W : absorbed factor for tissue
r : source 'point distance(cm)
d : filter point distance(cm)

A4 I BHHEESE EEeIH Ra-22688A04
0.5 mmPt filter & f#fAstg-& # 8.25Rcm?/mg-hr
2 fEd god (2 1) Fe)E filter T4 =& i
BIREBEA F(t)=e 2 FolXx t+ filter 8 F
Aold px filter 8 EHRMHREKEA Bl HT

"Ra-226% 1.7cm™'e]o] #@Esl 7% Ra-226," Co-60,

Cs-1379] ¥3F p = &% 0.19, 0.18, 0.22cm™'o] e},
28 Ra-2263 & dly A7t v& & £
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B Foxlu HERLR Fnetd,
$(t)=8.798—12.73¢
+10. 36t*— 3. 761t°(Rem’mg~h™!)  -err (3)
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Table 1. Physical Properties of Radioactive Isotopes

I" value Equivalent of

Isotope Filtration Half life I'-ray energy(Mev) Rem?/mei-hr ((1). Isnim II;iaDt ,
Ra-226 none 1,600 yr 0.047~2.45 avg. 0.83 9.09 0.908mg
Ra-226 0.5 mmPt 1,600 yr 0.047~2.45 avg. 0.83 8,25 1.00 mg
Rn-222 0.5 mmPt 3.823 day 0.047~2.45 avg. 0.83 8.35 0. 988 mci
Au-198 none 2.697 day 0.412 2.32 3. 56 mci
Ir-192 none 74.2 day 0.136~1.07 avg. 0.33 5.0 1. 65 mci
Cs~137 none 30.0yr 0. 662 3.26 2.53 mci
Co-60 none 5.26yr 1.25 13.0 0. 635 mci
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Fig. 1. Block diagram of the personal microcom-
puter.

Fig. 2. Personal microcomputer with floppy disk
driver and printer.

Fig. 3. Geometry of dose calculation for point
source.

Fig. 4. Geometry of computer programming for
radiation sources.
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Fig. 5. Water air exposure ratio versus distance Pe)
from radium source. Fig. 6. Geometry of dose calculation for linear
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Fig, 8. Computer print out of dose distribution for Fig. 9. Computer print out of dose distribution for

1Ci Co-60 source.

10 mCi Cs-137 linear source.
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Fig. 10. The antero-posterior. and lateral radiogra- Fig. 11. Computer print out of dose distribution

phs of an intracavitary implant of cervical

applicators.

and dose calculation for cervix Co-60 high
dose rate therapy.
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Table 2. Equation to Calculate the Attenuation of ¥ Rays in Water from a Point Source

Isotope A B C D

Au-198 1. 0306 % 10° —8.134x1073 1.111%x1073 —1.597x107*
Ir-192 1.0128 X 10° 5.019x1073 —1.178%x107° —2.008%107°
Cs-~137 1. 0091 X 10° —9,015%x1073 —3.459x10™* —-2.817x107%
Ra-226 1. 0005 % 10° —4.423x107% —1.707%x1073 7.448%X107°
Co-60 9.9423X107! —5.318%x1073 —2.610%1073 1.327x107*

exposure in water
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Fig. 12. The radiograph of cervical applicator to
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Fig. 13. Computer print out of dose distribution for

cervical application to bended left lateral.
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Fig. 15. The radiograph of maxillary cancer to Fig. 16. Computer print out of dose distribution for
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Fig. 17. The radiograph of tongue cancer to imp-
lantation of radium needles.
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Fig. 19. Isoeffect dose planning for high and low
dose rate radiation sources.
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Table 3. Radium A M4 A [EEmES] H#(2 mgx10 EA)

method vol(cc) mg-hr/1,0000 ¢ hr/1,000r r/hr dose error(%)
Quimby 12 370 18.5 54 —18
Paterson & Parker 12 188 9.4 106 +62
Computer 12 — 15.3 65.5 0
WARS ke 277 2mméx3cm ¢ vhE Hs
KABAL BT seed Moz BT 4 v e ®

29 178 Fi B Hi4fsEel 2mgola active
Zeoi7k 3emel 10fHS) =bv) 8 (Ra-226 needle)d
Quimby Jikell st WAL BEl RBIME
2% 188 7o) EEel 50~300%BESMHE ol Fn
st

Table 3%¥ fEEo] %3t #E-S Patersons & Parker
FE:sl Quimby Jk @ Computer of] K3 JHEo 24
HBO KT BARE IR o Fo REMET &
% —18%, +62%, 0%=4 computer &] FHol VIE
3 ks s 9ol

4, EHP ZEKE 2

Bstig SEERHAA 292, AA+F activity 7}
1~20mg ql EREE RES HHY 73+ Co-60%
activity 7+ 1,000~2,000mCi | EGEE GEL
HE A% HEN) RESH BEEREY 4¢ 2R
vl EEE £WBK HRLT BERA et Bt

B EREES ERBERY HO SEEES Elisg
Ortron Kol 4 ®& 4 glon vhgst o] & 4 vt

Eig8Ee TDF,y(Time dose fractionation)

TDFy=n X 31538 x 10369 % 103 -+ vereeerarace (6)
EHREZRS TDF
TDFi=4. 76 X 1073 X LB X T +vvrecernsnsninsns ¢))

3714 n¥ SEiEE, de §8 RECGY), 1+
EtHIRE(day), T = #EZE(cGy/hr), TE #HAslx
It e (hr)& FoRel

8 1.5Ci 98 Co-60%¥-< H 3@, fEH 300 rads &
gtaled EEBE 3,000rads ¢ & TDFun: 57019 &
RERNA 2 TDF L oloslw 40rads/bt S 80
Bl EgTshe] 3,200 rads o] BIEHES Ryfsle ok 2
< £HEN HRE A

I 192 HREFs EREEd K SEibR
(Isoeffect depth dose) o A4 {EiBZc] HigEE ¥
B 20% 9 2 A ¢ 5 U

AFe b B DR BB BEGHE o1& RN
e B Bhe dtY $kee 2% Mayneord 9}
Meredith &2 2ol 3-8fol &3 REHEA H4E &
HR o2 FRYCW MEd = RKRES B
B Sievert 9] MBI H7-¢ Simpson 9] KRS
FIR sl S ke R computer program 3192
= Fischer(1928)%-2 Hall Al mi@RS KT 0k
B8 A (TPR)Z-S computerd] AHAA &l
Mot gEErES BBl 3 Sontag(1978)%-& CT §
S¢St mEC WY EwY mEHEE ABEst
s+t

#3) computer 53 FEE  Basic, Fortran %
software ¥ ol )8} hardware & BjZ=2 Fast reco-
nstruction Hggke] BAZsle] Basic 02 1~2FsfHe] 3t
o] 2~34 0.2 HiEAd stz g+

=Y HotR BAEBEY BB 5% 200~600 rads
8 ElA HHREE MAEES HREE afterloa-
ding system o] PASE BABHE 1~25 BTA
e ERgtel k3 R REY REES #EL W
Fetke) woo IR WISim A ALt WRT
BES BETYE 4 Atk

Hgt Wil et EXSL Ao E EBAN com-
puter & Fifiste] MSTRIGRRE#IS] HARFHS} com-
puter program & B El= AEY RES #HIHE

12 computer ol FEAA o1 EY HEEREE AR
sl A4 FAmS B REe %A A BET
BEs 44 Q¢4 dgon BHE BEDER EH
SmeA K ARE A& 4 dolvh b wkel
A @AM computer o] =& high graphic reconstr-
uction time o] 5~30%0.& EERel A CT K
o Migkol H$ AL B4 U BE BRIz 3
Lt oo} el interface & fHHS 22 olel ¥ RIS
fRped Aoz 4B
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