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Dosimetry in the Case of Sealed Small Source for Cancer Therapy

—A rental calculation method by computer—

Hiroshi Yasukochi, M.D. and Yu Thno, M.D.
Department of Radiology, Branch Hospital, Faculty of Medicine, University of Tokyo
(Director: Associate Professor Thno)

According to the remarkable progress of high energy medical radiation apparatuses, the part of the:
teletherapy using betatron, lineac 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
therapy applied interstitially and/or intracavitary shows better results in some kinds of tumors just as the
tumors of the tongue and those of the uterine cervix.

On the technic of these inserting therapy, the dose calculations in the tumor are the most critical and
most troublesome procedures to determine the therapy technic. For these purposes many attempts are
tried by physicians and physicists.  Most widely and longly accepted technic is the mean dose calculation
in the tumor which is determined from the calculated tables on the relationship between the total dose of
the inserting sources and the volume of the tumor. Practically, it is very difficult to determine the volume
of the irradiated area. The radiation dose of some selected points is also used for this purpose which is
point “A” and “B’ in the intracavitary radium therapy for the cancer of the uterine cervix. Or some
people use the resemble isodose curve among the area by summing up the isodose curve charts of each
source.

According to the popularization of the electronic computers, some atternpts are applied in this field.
These attempts seem to have two opposit directions. One is to apply this technic for the more accurate dose
calculation near the sources which were almost impossible by manual calculations because of the complex
factors concerning the calculations just as the personal differences of the absorption length to the directions
of the sealing material and the radium itself. Another is to utilize the calculation from simple form-
ulae or simple tables and to caluclate the dose distrubitions in each patient in each time.

In practically, the errors of the caluclated radiation dose mainly depend on the fixability of the source
position, and even if the sources were completely fixed during the treating periods, the nature of the tumor
and of the surrounding tissues. For these reasons, practical calculations do not need extremely accurate
theoretical dose distributions in patients. Of cource the more accurate dose distribution may leads

the better results in the therapy on some grade,
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In this paper the errors are discussed on the statistical views and many neglegible errors are omitted if
they were clinically permisible, and the dose distributions were calculated in every 0.5 cm sqares in one
plane near the sources according to the simple formula just as ZLij~* or integral of Lij~* shown in figure 4.
Each formula can be selected according to the capacity and the ability of the computer applied. The
calculation procedures were offered to the commercial professionals.

By this method, doctors detect only the positions of the sources from the X-ray films of perpendiculary
crossing two directions, and mail them to the calculation center or the company by a form of Fig. 14.
And then the calculated results were received from them by the style shown in figures 16 and/or 17.

On this system any hospital can receive the calculated radiation dose distributions of practically
accurate, without to have any professional ability about the programming of computer procecures nor
any computers in the hospital.

The investigations on the ranges of neglected errors and the practical examples are presented.

According to this procedures, calculation cost for each patient is about 2,000 yen which contains three
figures of perpendiculary crossing three planes around the center of tumor.

We hope that many doctors use this program and procedures to cost down the calculation fees by

progressing the number.
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Table 1. Dosimetry of inserted small sealed source

O HRMIEDEH 3L (ORIGINAL FORM)
Sievert : Acta radiol. 2,70, 1923

O MR (GRAPHICAL FORM)

Wolf: Am. J. Roent. 50, 400,1943.
54, 296,1945,
Bush: Brit. J. Rad. 20, 284,1947,
O Mg &o# (SELECTED POINT FORM)
Meredith : (E. & S. Livingstone, Edimburgh) 1947
Glasser & : (P.B. Hoeber N.Y.) 1952

O [E#Ficx % (TABLE FORM)

Laurence: Radiology. 25, 166,1935,

Quimby : ”

43, 572,1944,

Paterson & : Brit. J. Rad. 7,592,1944,

Wolf: Am. J. Roent.

51, 747,1944,

Greenfield & : Radiology. 73, 418,1959,

O FHiic 2 5 (COMPUTER FORM)
17, 300,1944,
33, 17, 1950,

Kemp: Brit. J. Rad.
Acta radiol.
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Fig. 1. Factors concerning dosimetry of line sou-
rce. Dotted line shows the outer shiluette of
the sheath and solid line surface of the radic-
active materials.
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Fig. 2. The comparison of calculated data (solid

line) and the dosimetried data (dotted line)
of Cs-137 tube (30 mCi).
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Fig. 3. Simplified line source from figure 1.
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Fig. 4. Explanation of calculation of dose rate from line source.
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Calculation of the dose rate at point ““P ",
1) Integral method.
Dy (dose rate at “P“ from
_K(dj _
2a Jo Lij

_ _ 1 -1 X I__
aaj X‘*+Y= =yt

source ““I'")

—_— —_
(tan' 1l o "—][-L—IL)
¥ Y

here Y= PIL, ILI; and ILI° are glven by following formula

Xo—I, _ Yi—Y, _ Z

I."‘-'o A(L Ak+X

Xo—Xi1 Yo—Y:1  Z—Z; Yy =Bk+Y,
X=X, _ Y -Y, _ Z,—Z, Z,=Ck+1Z,

P m n 1 A=X,—X;, B=Y,—Y,, C=Z,—Z;
1(K—X)+m(Y,—Y)+n(Z,—Z) =0 K = AK—X)+B(Y,—Y)+C(Z,—Z,)
Iz_l__ mi'+ns = 1 A»z_!_ BZ_i_C:i

2) Divided method
Dpi=E_ L 1 _K 2 1
2n ?;_-i Lij  2n E (XJ—=Xp)* (Y j—Yp)'+(Zj—Zp)?

Fig. 5. Absorption of y-rays in air, water and
Al. Solid line Cs-137, dottedline Au-198.
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Fig. 6. Dose rate from 4cm line source in
each direction.
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Fig. 7. Dose rate distribution changes by the length of line source with 0.12mg Ra.
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Fig. 8. The divided source and the errors of
calculation for 4 cm line source. Black area:
over 10 %, dotted area under 2% and the
line between two areas 5 %.

[ENEREENERTRRTNNY

e

P

1 'l‘ ;
E,
E g

MR EpiE .,
BIBRl 4 offli% | 2 sE L, tofaEn
DOHIREA T ool oS THE E AT RES

% E8)F i
PR € o RO .
Dy = WE]DLIJ —6)

— 9] —



1802

ZONEC X BEERE TS ER8 0l i
b, WEERASh okt 4HEETIE
TR ER LBsREks, chucX st

6)Kix

Km 4
D § = ——— 3 L -1
» Paxd .2 "l :

— I

Lien. 4AcnpER OISR S EFC T

BRoSEEw X 59 —11ITRT.

= O T REKR(ER AT\ 2 Ro-seed

%051_3%&_& [ﬁl U,‘:‘,é bl)‘l)l-i),

EEoFHE

Fig. 9. Calculated dose rate curves in each case.

Dose rate 1, 2, 5, 10, 20 and 40 R/hr from outejr
side, i

m

Fig. 10. Dose rate calculation on the case of Fig.
13. by dlivided method. X-Y dimension at
Z= 2.0 cm.
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Fig. 11. Errors in figure 10. Black area, over 10
9%, dotted area under 1 24, solid line between
two areas 5 %.
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Fig. 12. Block diagram of the procedures in
hospital.
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Determination of the position and area of tumor |

[
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Determination of the dose and number of the source

Insertion of the source into the tumor

]
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Determination of the position of the source
by X-ray films.
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of the source and the enlargement factorof the
X-ray positioning film
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Dose calculafion by the computor
[
itHiER iy
Analysis of the dose calculation map
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Determination of the time of remoual of the sources
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Removal of the sources
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Fig. 13 A. Lateral view: projection on X-Y
dimension.

Fig. 13B. Frontal view: projection on Y-Z
dimension.
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Fig. 14. Tables for calculation.
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Fig. 16. Calculated data. No mark; x10°,
(.)x10Y (:) x10*° Rfhr,
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Fig. 17. Tsodose curve from calculated data. The
figures of sealed sources are projected. 5, 10,
20, 40, 60, 80 and 100 R/hr from outer circle,
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