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Dose Distribution of Cabalt-60 Point Sources for the Uterine Cervix Cancer
S.S. Chu, M.S,, D.H. Lee, M.D., C.Y. Park, M.D.

Department of radiology and nuclear medicine Yonsei University, College of Medicine,
Seoul, Korea

According to the remarkable progress of high energy medical radiation apparatuses, the part of the
teletherapy using linear accelerator and telecobalt is now occupying almost the whole portion of cancer
therapy in the field of radiation treatment.

However, even in the present days, inserting sealed small source theraphy applied interstitially and
intracavitary shows better results in some kinds of tumors just as the tumors of the tongue and those
of the uterine cervix, especially, high dose rate sources are more effective for it.

On the technic of these inserting therapy, the dose calculations in the tumor are the most troublesome
procedures to determine the therapy technic, and its technic must be doing under accurate dose distribu-
tion, dosimetry and localization.

The high dose rate remotely controlled afterloading apparatus, Toshiba RAL 303, was installed in
Yonsei Cancer Center in 1979.

We applicated the computer technique to the dose computation and enabled to improve the accuracy
of intracavitary irradiation for the cervix cancer.

To obtain the exact localization of applications in the uterine cervix. We fabricated the simulating
scaler and metallic o-ring contacting in tandem.

Optimum standard arrangements of radiation sources were confirmed as 10 types, according to statisti-

cal evaluation of patients who had received brachtherapy.
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Fig.1. Remotely controlled afterloading apparatus,
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Fig. 2. Description of simulating methods
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Fig. 3. Geometrical construction of two perpendi-
cular radiographs of tandem in Cartesian
coordination.
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Fig. 4. relationship between tandem angles and
metallic o-ring shapes.
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%— : dose rate (rads/min)

A: activity (Ci)

d: distance from source (cm)

G: gamma factor. 1.35R/hr -Ci at 1m

f: rad-R conversion factor=0.95

T: decay factor=e-2¢ 2=0.01098/month

K: WAR (water air ratio)=A+Bd+Cd?
+Dd?

A=9.94%x10"!

B=-5.32x10-2

C=-2.61x10-3

D=1.:33:x10-*
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Co- 60 Sources

Fig. 6. Sectional view of Co0-60 sources and
arrangement of capsules.

Fig. 5. Radiogram showing the tandem and ovoid dummy sources of Co-60 applied into uterine cavity

and the vagina.
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Table 1. rads per Ci from cobalt-60 point source

Distance Dose rate Distance Dose rate

cm rads/min cm rads/min
0.5 807.72 11.0 1.34
1.0 201.01 12,0 1. 11
1.5 88. 83 13.0 0.94
2.0 49.63 14.0 0. 80
2.5 31.52 15.0 0.70
3.0 21.70 16.0 0.63
3.5 15.79 17.0 0.57
2 4 6 8 1 2 4 & 4.0 11.97 18.0 0.52
Water cm 4.5 9..35 19.0 0. 49

Fig. 7. Wa.ter-al.)i:lt %)Sp;)zz;cee ratio vesus distance 5.0 7.49 20.0 0. 46
gor:/le(:;rement with TLD-100 S S - Vs
— Calculation by empirical formula %D 8.64 22.0 0,43
* Ter-Pogossian 8.0 2471 23.0 0.43
A\ Wootton 9.0 209 24.0 0. 43
10.0 1.66 25.0 0.43

Tandem & Ovoid

Fig. 9. Composition of tandem and ovoid, and
source sliding method.
Fig. 8. 3-channel source driving units.
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2} 7+e] 3channel iR o 24 1Ci9] Co-60 Ehigikio]
ovoidel] #%#% 2Ci, tandemel 3Ci, & il 7Ciz} #3559 Fig. 10. Remotely controlled afterloading applic-
0.0 (1980.1.15) 22 99} 7ro] tandem®] i< Jik ator with tandem and ovoid.
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Table 2. Computer programming for calculating of dose distribution
001 *LBLA 21 11 047 STO3 35 03 094 SPC 16—11
002 STO 1 35 01 048 2 02 095 RTN 24
003 RTN 24 049 0 00 096 *LBLb 21 16 12
004 *LBLB 21 12 050 8 08 097 RCL6 36 06
005 STO2 35 02 150 RCL1 36 01 098 RCL4 36 04
006 RTN 24 052 b g =35 099 = —24
007 ¥LBLC 21 13 053 ENT 1 -J41 100 3 03
008 DSP2 —-63 02 054 0 00 101 . -62
009 0 00 0355 - 62 102 4 04
010 —-62 056 0 00 103 I} 01
911 9 09 057 1 01 104 + —24
012 9 09 058 0 00 105 PRTX —-14
013 4 04 059 9 09 106 RTN 24
014 ENT— =21 060 8 08 107 *LBL¢ 21 16 13
015 ' - 62 061 ENT 1 -21 108 RCL6 36 06
016 0 00 062 2 02 109 RCL4 36 04
017 0 00 063 X ~35 110 = —24
018 5 05 064 e* 33 111 2 02
019 3 03 065 1/X 52 112 . —62
020 2 02 066 X —-35 113 2 02
021 RCL2 36 02 067 RCL2 36 02 114 5 05
022 X —-35 068 Xz 53 115 —-24
023 - —45 069 + —24 116 PRTX —-14
024 —62 070 RCL3 36 03 117 RTN 24
025 0 00 071 X —-35 118 «LBLd 21 16 14
026 0 00 072 STO9 35 09 119 RCL6 36 06
027 2 02 073 PRTX —14 120 RCL4 36 04
028 6 06 074 ST+0 35 —55 00 121 = —24
029 1 01 075 RTN 24 122 2 02
030 RCL2 36 02 076 *LBLD 21 14 123 . -62
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031 X2 53 077 RCL9 36 09 124 2 02
032 X =35 078 ST+38 35—55 08 125 8 08
033 = —45 079 RNT 24 126 =+ —-24
034 . —62 080 *LBLE 21 15 127 PRTX —14
035 0 00 081 RCLO 36 00 128 RTN 24
036 0 00 082 SPC 16—11 129 *LBLe 21 16 15
037 0 00 083 ENT t -21 130 CLRG 16—53
038 1 01 084 RCLS8 36 08 131 PZS 16—51
039 3 03 085 ENT 1t -21 132 CLRG 16—53
040 3 03 086 2 02 133 0 00
041 RCL2 36 02 087 - —24 134 ENT 1t -21
042 ENT ¢t -21 088 - —45 135 ENT ¢ =21
043 3 03 089 STO4 35 04 136 ENT 1 =21
044 i 31 090 PRTX —-14 187 RTN 24
045 b < -35 091 RTN 24 138 R/S 51
046 + ~55 092 *LBLg 21 16 11

093 STO6 35 06

3 4

Fig. 11. Standard arrangement and dose distribution of Co-uv sources inapplicator for uterine cervix

cancer.
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Doses Errors ! !
% 1 1.5
A0 Dis. of soutces 1 1.25
i &5 15 om 512 20.75 2
A4 01 om 8Ci UT 5cm
o
- N : Q. 4
= 30 $:05cm 0 4cm
Vv 1 1
1 1.25
10 - 1 1
212 20.75 2
8Ci UT4.5cm
Dis. from source O 4cm
W 2 1.5
Fig. 12. Errors of computation according to the 1 =
i . 1.25
number of point source and to the dist-
fr 212 20,75 2
ance from the source. 8C1 UT 4cm
Table 3. Co-60 Dose Distribution 0 4cm
VI 1 1
Type Arrangement Space(cm) Dose Rate 1 1.95
(Ci) (rads/min) < 29
212 20.75 2
I 1 1 point 7Ci UT3.5¢cm
1 1 A 264 (1) 0 4cm
1 15 B77(1/3.4) Vi 2 1
1 1 Co 417 (1.6) 1 0.75
212 2:.50,75 2.5 212 20.75 2
tatal 9Ci Uterine T'andem 6cm 8Ci UT 3cm
ovoid 5cm O 4cm
T 2 1.5 A 253(1) X 2 1
1 1.5 B 70(1/3.6) 26C'2 U}l:511-5
1 1.5 Co 766(3) ! O.Scm
5 1% . 212 e
9Ci UT 6cm X 1 1
0 4cm 1 ]
i 1 1 A 285(10) 1 1
1 1
1 1.5 B 75(1/3.8) 5Ci T 5o
1 1 Co 678(2.4)
1 1 fRo= T + A
212 20.75 2 2 3% BREE MBS o) 2] 93 BEERBRA
9Ci Ul 5.5¢cm Co:A:B=8:4:19 #HEHt
0O 4cm hote} coldisif-& ApointE . 0 2 FAAfyO 2
N 2 1 A 286(10) 2+ A
1 L5 B FEES B A0
1 1,25 B 71(1/4) BOME olﬂ%L A pomt% fEEEEsr TR Aasel Mk
212 2 0.75 2 Co 645(2.2) < Wl MK
9Ci UT 5cm Bl 130 (1/2.2) WRS Zams] W = 99,
O 4cm Re 88(1/3.3) I TEEEA Az tandemo] fHRIE o] &

— 248 —

A 261 (1)

B 66(1/4)
Co 648(2.4)

A 280(1)
B 66(1/4/2)
Co 670(2. 4)

A 272(1)
B 67(1/4)
Co 652(2.4)

A247 (1)
B 60(1/4)

A 293(1)
B 66(1/4. 4)
Co 704(2.4)

A 200(1)
B 57(1.4.8)

Co 774(3.9)

A 176 (1)

B 36(1.4.9)

AR st o] BiE

voin

7}%  hot3t

1 B W] B e



10 ==
1 N
“—— &
T o T T T T v D
2 4 6 8 0 12 [ Biveds

Dose

Fig. 13. Dose volume relationship of the intraca-
vitary cobalt-60 irradiation for a cervical
cancer.

source: tandem 1C1X50f Co-60

Ovoid 2 Cix2
Irradiation time 1.5 minute

Fig. 14. Decision of A point to irradiating dose in
dex for irregular type of uterine cervix
A: Manchester method
A’: Confirmed A point
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