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Dosimetry in Teletherapy for Cancer

—A Rental Calculation Method by Computer—

Hiroshi Yasukochi, M.D., Yu Ihno, M.D. and Fumio Tagaya, M.D.
Department of Radiology, Branch Hospital, Faculty of Medicine, University of Tokyo
(Director: Ass. Prof. Y. Thno)

Recent advances of the utilization of computers act a splended part in the field of Radiology. Re-
cent series of reports concerning the computer use in Radiotherapy are evaluating the results on the point
of the accuracy of the dosimetry and also on the point of the economies. The benefits of the computer
must be evaluated comparing these two opposite purposes.

We have already reported a trial on the small sealed source treatment especially on the point of the
economies and proposed a simple program neglecting the clinically permissible factors. Here, we propose
a technique on the dosimetry also in the case of the external irradiation in each patient and on the record-
ing of them in his clinical chart.

In the program, the tissue dose of each point in the patient’s cross section is printed. out by using a
typewriter or a line printer connected to the computer on the coresponding Caucasian co-ordinate in the-
figure by the form of relative isodose curves using minimum unneglected factors (Fig. 1, 6).

The dose is calculated as a result of multiplication of the air dose (DF) exposed, the central ray de-
creasing formula (F1) using in inverse square law, the absorption formula by the tissue depth (F2) using
the theory of the tissue air ratio, the deviation decreasing formula (F3) of the calculating point from the
central ray axis in the form of arctangent (F3) and the accessory factors (F4) concerning the ahsorber
just as a wedge filter. Every factors are simplified as far as possible. For this purpose the contour of
thebody is simulated as a cylinder and the cross section of the body as an elipse (Fig. 1) and the informa-
tions on the dose exposed (DF), the maximum and minimum diameters of the elipse simulated for the
body cross section (2a, 2b), the length of the field (N) and the co-ordinate of the body center (O), of
source position (S) and of the center of the field (F) are determined by the patient planning and mailed
them to the commercial company in a certain form (Fig. 6a, 6¢). The company calculates the value
of DF x F1 x F2 x F3 x F4 using a computer in each point on the cross section of the patient and sends.
the printed relative isodose chart and the calculated tumor dose in each field and summed values to us
(Fig. 6b, 6d). For the calculation, F1 is in the form of X2/A? according to the distances between the

source and the calculating point. X is the distance between the source and the calculating point. F2
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is in the form of (A x 1073X 4 C x 107PX) x (E — FXY) according to the quality of the source (Fig.
2, 9) and the field width (Fig. 3, 10). X is the tissue depth and Y is a root of the field area. Here the
tissue depth is calculated from the body contour and the geometrical relation between the source and the
body cross section (Fig. 7). F3 is in the form of A X arctan (B -+ CX) Which is empilically determined
in each apparatuses according to the ratio between the angles of source field relation and the position of
the calculating point (Fig. 5, 11). X is the ratio of the field length and the deviation of the calculating
point. F4 is usually calculated as 1.0 and in the case which needs the wedge filter or any other absorb-
ers, it is calculated in the form of AX. 4+ B. Here X is the deviation factor explained in F3.

The program is prepared for fixed irradiation with the numbers of less than eight fixed field (Fig.
6, 7). Moving field technique must be simulated as 2 certain multiportal fixed field irradiation, The
average cost for rental calculation is about 2,000 yen in each patient.

The comparisons between the calculated data and the glass rods dosimetried data are presented on
a case of maxillar region (Fig. 12) which has been considered to have a large influence of the tissue inhomo-
geneity.

Naturally, the hospital does not need any computer nor any capacity on computer operation by this

method.,
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Fig. 1. The Scheme for the Dose Calculation. -
““a’ and “‘b’’ are the length of the maxi-
mum and the minimum radius of the ellipse
which is replaced as the simulated contour
of the body cross section. ““S’’ is the posit-
ion of the source or focus. “F*’ is the cen-
ter of the field. “N’’ is the length of the
field in the cross section. “O"’ is the center:
of the ellipse. In this figure, the Gothic
Jetters are already known factors for calcu-
lation at the start of the treatment planning.
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Fig. 2. The TissueAir Ratios of Cobalt 60 in
Several Field Area.
(*) marks mean the estimated data on field
size of 0 em 0 ecm and of 20 cm %20 cm from
the original data. The estimation is explai-
ned in the next figure.
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Fig. 5. The Influence of the Field Area on the
Tissue Air Ratio in Cobalt 60 Irradiation.
Tissue air ratios at 20cm tissue depth are
marked as the function of the root of the
field area. The numbers near the marks are
representing the ratio [of the both borders
of the field.
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Fig. 4. The Dosimetry on Cobalt 60 Appara-
tuse (RI-105) Irradiation in the semiinfinite
Phantom Water.by the Glass Rods and by
the Computer Calculation.

Left half of the figure is showing the one

half of the case of one perpendicular fixed
field radiation with SSD 65cm and field
© size 8.65 cm X §.65 cm at the surface of the
.\ phantom and right half with the same SSD
and field size but with two opposite? portal
irradiation. The dots are marked with 2 cm
intervals.

The numbers in the figure are the results
by the glass rods dosimetry andjthe [curves
are¥computed data which are drawn‘m each
10/% intervals from 10 % -to 90 %.
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Fig..6. The Two Examples of theMailing

Cards and the Results Received.

a, b a case of the prophylactic irradiation
for the cancer of the tongue after needle
therapy.

a: mailing form filled with the factors.

4 46 46 46
138 40 4p 4o,

w;a 25
29 29 2730

25

g

Fig.' 5. The Factor According3to the Deviati-
on of the Calculating Point from the Cent-
ral Ray Axis of the Cobalt Irradiation in
the Previous Figure.

The dost are received from the glass rods
data in the previous figure.

The line is the value of F3 =0.5—arctan
[20.1(1X1—1.0)]/3. 14159 which is selected
as a simulating formula for the dots distri-
bution. Here X means the™ratiofof 2ir/N

in Fig. 1.
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b: results received from the company.

PATIENT. NAME miw-wnlm HOSPITAL NAME TODAI-BUNIN
SYUKUSYAKU SHITEI SENGENSL 3

___HANT X0 -10.0. 8.0} YO De_s 21.00
SENGEN NO X-COORDINATE 0. _57.0 =58.0

SENGEN MO Y-COORSINATE 71.0 15.0 16.0

"SYOUSYAYA NO ¥=COODINATE 0 7.0 -8.0

SYOUSYAYA NO Y-COODINATE 21,0 15.0 16.0

SYOUSYAYA NO LENGTH 11.0 11.0 11.0

JINTAI WO CENTER MO O0ORDINATE

JINTAI NO OUKET 18,0 JINTAI No JYUUKET 21.0
SYUYOU NO CENTER NO GOOROINATE t_n. s 16,00
DTz 0.2432471104€ 003
OT= _ 0,1890181468E (93
DT=  0.1749586504E 103
DAS=  0.57719391635 003
g
2eds———Jew
& T

\

ﬂ e

RDBZENRTED.
f,0220T

Ll EGDt(T) = Da(A)«f, (OA,OF) of,(N,zA)*
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AL LCHE R 2050 5w E Z hTFRsy
THBH, B EBHETO—% sk 5 BUR
BH3FemE 2 e huEis bins & B 5 404D,

COHORTF ELT L, 27w /58 1LTH
HERHB .

B2RS & LTk

f4=a1+a2(1§§_jN_)+

RS E LT

b, <Fry <b,7chuif,=0,

by>F, by<Frisiug fi=1,
BPANTEL, ik a 37402 ANt
BORLOBEROFALE, a1iaftaRL,
by, bo i X\ O R OB (JRSTEFET) 27T

HAREFR G FE M F29% B8 F

c, d a case of the prophylactic irradiation
for the breast cancer in the sternal and the
axilar regions after operation.

c: mailing form filled witt the factors.
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d: result received from the company.

PATIENT NAME

SYUKUSYAKU SHITED

-fo, HOSPITAL NaM TODAI-BUNIN
kommx‘)cu Sa;g:nensu 05! 1 E v

HANI X0 =i0.0. 16.0) ¥t 0. » 19.00
SENGEN MO X-COORDEINATE =18.5 -6.%5
SENGEN NO Y-Z0ORSINATE £8.5 64.5
SYOUSYAYA KO ¥-COODINATE -2.5 40.5
—_SYDUSYAYA KO Y=COODINATE 19,5 17.0
SYOUSYAYA NO LENGTH 4.0 8.0
CENTER NO _KUUCHYU SEMRIYU _ 300.0 300.0
JINTAL NO CENTER WO COORODINATE . fe s 9.5)
JINTAI WO QUKEL 1.0 JINTAI NO JYUUKEL 19.0

SYUYOU w0 CENTER NO COORDINATE

i_=2.0s 38.00

DT=  0.2900443802€ 003

DT= _ 0,2842472234E 001
0.29270535248 003

DAS=

1053

Y.

902—1, 2 :8Sa, Sa’ X hEIVFHAFE O
TRERALYDE RDB., “hit oA o
M3 5.

=3 S, ApgME L E L, SAREHFEL
TAHAMR)ZRD 5.

903 : XSxXF nHf SF L (M,R) pzx
Ry Y),(Xy, Y)R® B, 0 X, X,
Yy, Yy 123K 900, 901& Rirh b bHi-dT BE
LichoCHs. Zhuk 8,8 wiY+ 5,

904 : XS & XA oFERER L h 5 D TYN,
IM #3Reb 4. HMo FR.AS.

905, 907 : 9045 T XSx:XA n#i& ¢ - h
IH YN, ZM %R %.

906 : 4R TXS=XApHE LA ThInX

908 : Ll Eofn Ltkduhi-X L ( 902),

zM ( 906, 907), YN ( 906, 907),D ( 902),
XN ofi (2t FhEhE 1 oSF, AB,

ﬁ, a_Ah, NE‘C*H%%'?Z)) <i ;:) FJ;}F:Z)FB!FQ &*ab,

i N, ZM %3R5,
R —— =
L L T L
Fig. 7. The Program of this Method.
XS, YS: the co-ordinate of the source position (S).
XA, YA: the co-ordinate of the calculating position (A).

XF, YF: the co-ordinate of the center of the field (F).
A, B: the longest and the shortest radius of the cross section of the body simulating ell-

ipse (a,b).

XN: the length of the field in the cross section (N).

DF: the air dose at ‘F’.

DA:the calculating dose at ‘A’, the value is printed out on the result as a mark in cores-

ponding position.

X1, Y1, X2, Y2 in 901 and in 902: the co-ordinate of the crossing points of the surface
of the ellipse and the line including s’ and ‘A’ calculated from the formulae of the

line and the ellipse (@, a').

DS1, DS2: the length between the source and o, o

D: the depth length in the tissue on radiating ray between the source and the calculating
points at the calculating point (the distance between e and A)

X1, Y1, X2, Y2 after 903: the co-ordinate of the crossing point of the perpendicular line

from A to the line including S and F (@).

XL: the length between the source and the center of the fields(the distance between S and F).
XM, YM: the co-ordinate of the center of the circle including points S, @ and A, This
is not essential for the theory directly, but effective to lessen calculating time (M).

YN: the distance between F and Q.
ZM: the length between F and 3.’
ALF: the ratio between Fy- and 1/2N
*1 multiply

*%: exponential

_53 —_
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SQRTF: root
ABSF: absolute value
ATAN F:arctangent

AAE R RE MR Mook W8 &

IF (XS-XA) 900, 901, 900:if X$<XA use the formula No. 900, X8=XA use 901 and X5>

XA use 900,

The interpretation ( ) are demonstrated in Fig. 1.

c SENRYO NO KEISAN SUBROUTINE

ESUBROUTINE SENRYO (X5,YS,XA,YA,XF,YF,A,DB,XN,0F ,DA)

IF (XS-XA) 900,901,900
901 ¥1s=B*SCRTF (1. 0=XA*XA/ (A%A))
¥ 2==B*SORTF (1. 0=XA*XA/ (A*A) )
Xl=XS
X2=x5 .
GO TO 902
E=(¥5-¥A)/ [KS-XA)
Fm (XS*YA-XA*YS) / | ¥E-HA)

20

=3

Xl= (=A*AYE*F#A*B*SQRTF (A*A®EYE+5*E-F*F) ) / (A*A"E"E+E*B)
K2w (=A*A*EAF=A*E*SORTF (A*A*E*E+BE*B-F*F) ) / (A*AMEE+E*B)

YA=E*AL+F
YI=E*X2+F

502, DS1=5QRTE ((X1-X5)* (X1-X5)+ (Y1-Y5) ¥ (¥1-¥5))
DS2=5QRTF HXZ-)CS] (X2=X5)+ (Y2=Y5)* (Y2=Y5) )

1IF (DS1-D52) 1,2,

2 D-SORTFHK2-MJ 1xz-m:*wz-n:'wz-n:l
GO 10

1n-son1‘rtix1- )¥ (XL=MA)# {¥1=YA)* (Y1=YA)}

3 KL=SORTF [ (XS-XF) * (X5-XF)+ [YE-YF) * (¥5-¥F} )

R=0.5%SQRTF ( (XS=KA) * (XS=XA)+ (YS=YA) * (¥5=YA) )

XM= (XA+XE}*0. 5
M= (YA+YE)*0.5
IF (X5=XF) 903,904,903

904 IF(XS-XA) 905,906,905

$06 YN=0.0
IM=SORTE [ (XP-XA)**24 (YF-YA) **2)
GO TO 908

905 Y1wYM+SORTF (*R= (XF=XM} *%2)

¥ 2=¥R-SQRTF (R*R~ (XP=-iN) **2)

K1e=KS

%2=XS

GO TO 307

G=(¥S-YE) / [K5-XF)

H= (XS*YF=XF*¥5) / (XS=XF)

w0

w

90

2

w

A a

1= (CHAGH (H=Y M) +5QRTE [ (JM+G* (H=YM) ) **2= (1, 04G¥G) * (XMOM-R*R (H=YH)* (H=YH) )1 )/ (1. 04G*G)
X2w (XHAG* (HeYM) =SQRTF { (XMAG* (H=YH} ) **2= (1, 0+GA() % (XM AM=R* R (H=YM) * (H=¥11) )] )/ (1.Q4G*C)
YLnG* 144

AZ=GHX2+H

ADE1=5QRTF ( (X1-XE)* (X1-XS5) +(¥1-¥5)* (¥1-¥5))

ADS2Z=SQRTF [ (X2=X5) * (X225 ) +(Y2=¥5) * (¥2-Y5) )

IF (ADS1-ALSZ) 4,5,5

YH=SORTE { (X1-XA) * [K1-HA)+(¥1-YA) “(¥1-YA) )

IM=SQRTE  (X1=XF)* (X1=XF)+(¥Y1=YF)* (Y1=¥F)}

GO T0 908

¥N=SQATE  (X2=XA)* (X2=KA)+(¥2-YA)* (¥2-YA))

ZH=SORTE ( (X2=XF) * (X2=KF) + (¥2=YF) * (Y2=¥F) }

Fl=XLoXL/S ( [KL+ZM) ** 24YNYN) -

Fawl.1%*10.0%*(=-0.0298* BF‘H U40.00215%XN*D)

ALF=2. 0*¥N*}L/ (XH* (XLe+ZIH) )

F3=0. S-Ml‘.\m‘izn I‘MBSF(J\H’] 1.0))/3.14159265306
]

Fi=1,0 ALF
WFI‘PZ‘PJ‘N‘DP

!ND{G 1.0.1.00

EhicohIhDARKRDS.

T ADHEEY 22T (RETURN) k%

HHRODARIEXREHE L&D (END).
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Fig. 8. The Dosimetry of the Relative Isodose Curves on Betatron (Siemens)
16.4 MeV X-ray Irradiation.
S8D 60cm, field sizes at the surface are 4.65 emg (left), 5.55cmx8.35cm
(center) and 11.1cmg (right),
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Fig. 9. The Tissue Air Ratios of 16.4 MeV Fig. 10. The Influence of the Field Area on
X-ray in Several Field Area. the Tissue Air Ratio in 16.4 MeV X-ray.

The marks ( *) mean the estimated data on Tliisue. air ratios at ?0 cm tissue depth are
explained as a function of the root of the

field size of Ocm X Ocm and 20cm X 20cm from figldlaren
the original. The estimation is explained in The numbers near the marks are represe
the next figure, nting the field size.

The tumor air [ratio in each field size is

simulated with a subtraction in two expon- TIAS at 20cm
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Fig. 11. The Factor According to the Deviati-

on of the Calculating Point from the Cent-
ral Ray Axis Determined of the Several
Dotted Position in Fig. 10.
The dots are received from the dotted point
in the Fig* 9. The line is the value of F3
which is selected as a simulating formula
for the dots. Here x means the ratio of 2Fy/
N in Fig. 1.
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Fig. 12. The Comparison of the Glass Rods Dosimetried Data and the Computed
Data in the Region of the Maxillary Sinuses.
STD 75cm, field size at the tumor 8cmX8cm, frontal field (a) and right lateral

field (b).

The mark (+) is the position of the center of the tumor, and (.) are the posit-
ion of the rods in lem intervals, The number near (.) mean the relative dose
determined by the glass rods and the curves with numbers in ( ) mean the co-

mputed data by this method.
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