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The isodose curve shift method in irradiation of the thorax is very easy in manual dose planning [rom
the standard isodose charts. ‘The values of the shift factor, R, of the isodose curve, however, have been
decided only experimentally under certain irradiation conditions. On the other hand, the authors have
obtained the formulae theoretically in the form of the shift distance, n, of the isodose curve by adapting
Iwasaki’s idea described in ‘“The Isodose Curve Shift Method for Oblique Incidence” to the case of
irradiation of the thorax.

These are expressed as follows:—

(A) When a corrected isodose curve is in the lung tissue, as,

n=mS1+F logw(S.C.F.) , (1)

where
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G )
F=2.303(1+S1) Da__ and
ey

S.C.F. equals the scatter correction factor at depth m-+-u in the lung tissue.
(B) When a corrected isodose curve is in the solt tissue beyond the lung, as,
n=10S2-+Glogio(S.C.F.), @)

where

2 Da 1

1———

f+d (u%)

PN
I
o
—
[ ——

: Da
L
( _dDu

dx
5.CUTF. equals the scatter correction factor at depth m--n--l; in the soft tissue beyond the lung.
The first terms of Equations (1) and (2) express the values of the shift distance when the S.C.F. is

unity in each tissue, and the second terms express the correction functions for 5.C.F. Errors of Equations
(1) and (2) agaist measured values are within 129, for the irradiation of cobalt-50 y-rays, when a mean
scatter correction factor, S.C.F. is used instead of the S.C.F. in each tissuc.

, and

The symbols mentioned above have the following meanings:
m is the distance from the front surlace
of the lung to the point x=d,
I, is the thickness of the lung,
¢ is the density ol the lung,
Dg is the central axis depth dose at depth x=d.

1. # E ERAETS.

X, THENC X5 Wi~ o R B ds L Lo AT, Nl SRR A fER % 8

, WP oo fisk, MR o WIEHI I 2219 & & e (o SRE ek, SIS
DCIEME o otk d, FoRlhE: B A SRR o & A, Fhol e
s —HECHEHRC e B L P o Sk A B FeToBa, ovF e LTths &
W5 dike LT, ek vk Twh. L L, Heilaghc s 5 S il o
(1) B, SHHEEED s Lo B35 #la, Bl S e JRENC RSy Tk
i B oD, HEHERT 2. O TEE HIX, Al

(2) MR CC—E o ik B2 i B IS rmm’%s.ur Mg o B4 5 Weas
TS Ute & o [RBE IR A H T, Nl lEghe 3
(3) M oGS b L E R LTk 5 ARkl o B I 2 B n A& BT 2 0

% i1, wHESE Uiz, LR, — o i B3 5 EIEAY 7 A
(4)  Fitich e iz 11920, BhpLICB<TRS.

FNHDH, ThoDdbe, B (D& kX 2. ERAERUVEE

G (3) & ik, Lhedhovic B 3650 Wil 7 » v b+ oo fikilik 3 3O AR, £
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3. B #H

(A) HELAITEFR%EL Scatter Correction Factor

ik s & O 2 e bl S Tk Lk o i,
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V5 EELAE - (R4 S.C.F. oo % #~2 Higo
Jodic, ASEMO HEMAOFE S 5 em, Fh b7
FU DK DS X 16cm, ¥ L Uififi#o/E x20
emD g7 » v F A& JAGB, =iz 88D 65cm,
JESHF 5 % 5 cm, 10X 10cm, 35 ;f15X15cm 0
W5t 4<, Cobalt 71 it % MRS U 7= 854 o HEL Al
IEFR¥C S.C.¥. % Fig. 1 1cFEh¥. BELARITE %
S.C.Fx « sk ok, MBHEF oM s LT
FRIRBECAR LTIy 5 il 7l a%
MNTk, B0 hE sz, K¥{hoT
Wh, kAT, WEEIFERE S.CF. i LT

Depth in Lung . m (cm)
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Fig. 1. Curve of the S.C.F. in a thorax phantom
(p=0.231 gfem®) for cobalt-60 for 5x5 cm, 10
%10 em, and 153 15c¢m fields. There is no
significant difference in the S.C.F. among these
three fields in the lung tissue, but the S.C.T'.
becomes greater as the field size becomes sma-
ller in the soft tissue beyond the lung.
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Batho 35 X OURN & OFEHED B ko Jiipin -+
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FEOWIE 7 » v b 22DWT, FhFhof
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DOECEET 5 ¢ (1) ASEMN o kP e,
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Fig. 1 35\~ T S.C.F. = (i #kaims & IE
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S.C.F); X0 L<L3cem o B4 ik, Fig. 1
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lo/ 2 em 3513 % IELARIE 672K S.C.F.). (D)%
Bz ok, Fig. 1T, BlidLskai
P BOREE m=1,123%1) % BELAIE ¥ S.C.F.%
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(B) Zf iR mhiEwE »

(2) Rk

Fig. 22/ TR 7 » v + 2 1mkWT, Fuiih

source

/II

:| isodose
e A curve \
[ lung | soft tissue
Fig. 2. Schematic diagram of the isodose curve

shift method in the lung tissue. Here the S.C.T.
is assumed to be unity.
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Soft
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X
0 Depth

Fig. 3. Schematic diagram of the shift distance,
n, in the lung tissue. The depth dose, Dy, on
curve B, which is corrected according to S,
from curve A of the central axis depth dose
in water, must be reduced to (5.C.F.) D,.

RN B 554, B0 SRR GERT 5
fifigELak o> BT B & 2 b o sk R bR o B3 5 El
LEREFJRLTWS (Fig. 6).
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oy iR, s KO B, S HST R
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DFLER RS, IR O BELIEFR%S.C.F.
LB LTwADT, EEopLgRE X v
bRE IO TWA L L ow, B oFuLEh
Jik, %o BN i) 5 BELAEELREL S.C.F.
DEIE RGN E el LisrhiEie bizwy. 2o
A, Fig. 3icswT, MFRA ofiE Da ki)
% fLiE T o MK HTmE - b oMY 1 235 &,
o il 2 B 18y 7213 B LR B b o fidk
Da 1%, Mgk E 1418, ©, #idk (S.C.F.)
Dy A Lk e biv : BB 0ix, Zh
DI FE: & LT, g A o (8.C.F.)Dq
oy 0, FofzE colliEsknbEs. 5
DOfEER m, kLU oS Rl o BT s
Bz n 295 L, Fig. 312h\WT, oI
AnEhZEhlrds

I(1 +8;)=m-n, (8)
T
=1 1 (_ dDa) '
= 2.303 Dqg ( dx ) (10)

(8), (DB LV (10) R b, mE n OBALR
R, kocics
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n=mS,; + F logy,, (5.C.F.), (11)
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— Q a
F=2.303 (1+8)——p-,
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S.C.F.=fli{lfkDEX m+n | &1+ % S.C.F.
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(11) XD Sy XU FoofEvt, &b Ll
BA DNl OES Lok s Ecii s
TRas, Bl % Table 1 (ANCARTHRC, 2h b
DL, HEEdDOBE N X2OTHE h AKX B
Ligv, Fhifnc, h bofiiz g A o ik
DEEME BFBEELTE . ik, (DX
ik, EfifESgoE s L wdsL, m+nll %
MR AR VT, SHEEMREOBETS
PEMEn #Fb LT\ 5.
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Fig. 4. Schematic diagram of the isodose curve
shift method in the soft tissue beyond the lung.
Here the S.C.F. is assumed to unity.
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Dy =D ff:dr)exp[ pa(dl—do)l (12)

| j:_"'do - r ! ks

i ot
(13)

AT, (13) Xpo & 4%, Fig. 41105
o O'P" e BT Lo & O R &R
. 9oF D, i,
=d—(1—p) y tan®-+y tang (14)
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Fig. 5. Schematic diagrara of the shift distance,
n, in the soft tissue bheyond the lung., The depth
dose, Dy, on curve B, which is corrected acco-
rding to 8, from curve A of the central axis
depth dose in water, must be reduced to (S.C.
F.) Dy.
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geol T~ Co-60 | SSD 65 om
a_r =T ¢
E ol \'\-\\\B'“__“ 10 %10 om
g 40| A &\\
.4 Soft Tissue Lurg Tissue m\
o e Loy Ly \X. |
10 15 20 25

Depah, d fem)

Fig. 6. Central axis depth dose in a thorax phan-
tom (p=0.231 gfem®) for cobalt-60, 10310 ¢m
field, 55D 65 cm. Curve A is in water; curve B
is corrected for absorption differences; dots are
corrected according to S, and 8, in Table 1 (A)
and (B).

# S.C.F. # 1oL, fFC X oTHB bR b8
S 7 OWARRRPNT 5 B B4, LAk B

AREZHREREENE $378 $85

RZBE S ) o E MR OBET 584 RARL
T (Fig. 6).
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V. FOfER, Fig. 5k T, 2ffiflgkoBE
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Table 1(A) Numerical Values of S, and F (Cobalt-60 y-rays, SSD 65 cm, p=0.231 g/cm?®)

| Dcpthf 5x5em | §x6em 8 X gcm 10 % 10em 12x12cm 15% 15em
L Y F | s F S, F | 8 F S, F | s, ¥

|2 |03 50.7/0.66 610 [0.632 62.5(0.58 637 [0.557 647 (0497 5.6
3 0.807 59.3[0.761 60.4 | 0.702 61.8 |0.655 62.9|0.629  63.5 | 0.585  64.5

4 |0.852 59.100.821 59.80.755 6.4 |0.724  62.2|0.697 62.8|0.660  63.7

5 |0.917 58.4/0.883 59.210.831 60.5,0.787 61.50.747 62.5|0.706  63.5

Mean |0.885  58.8|0.852 59.5|0.793 61.0|0.756  61.9 |0.722  62.7 |0.683  63.6

6 [0.977 57.80.949 58.4[0.903 59.6|0.854 60.8|0.809 61.9]0.765  63.0

7 |1.026 57.30.997 58.1|0.956 59.1|0.913 60.1[0.864 6l.4 | 0.815  62.6

8 |1.065 57.2|1.043 57.7/0.999 58.810.940 60.3|0.896  61.4[0.842 62.8

9 |1.088 57.4|1.066 57.9|1.016 59.2|0.974 60.3[0.939 61.2|0.878  62.7

10 | 1.118 57.3|1.092 58.0|1.025 59.8|1.021 50.9(0.982 60.9|0.928 62.3

Mean | 1.055 57.4 | 1.029 58.0 | 0.980 59.3 |0.940  60.3{0.898 61.4 | 0.846  62.7

1 1.144 574 1117 58.1 1.055 59.8  1.010  61.0 |0.996  61.3 0.951  62.5

12 1 1.132  58.5|1.086 59.7 | 1.067 60.2 [0.997  62.10.970 62.8 | 0.936  63.7

13 | 1.118  59.6|1.102 60.1 | 1.068 61.0 |1.026 62.1[0.977 63.4 | 0.941  64.4

14 |1.149  59.6 | 1.131  60.0 | 1.078  61.5|1.031  62.7 [0.999  63.7|0.942  65.2

15 |1.156  60.1|1.140  60.6 | 1.099  61.7 | 1.051  63.0 | 0.994  64.6|0.930  66.4

Mean | 1.140  59.0 | 1116 59.7 | 1.073  60.8 | 1.024  62.20.987  63.2(0.940  64.4
16 |1.150  61.0 | 1.136 61.&1{1‘118 61.9 | 1.065  63.4|1.022  64.6[0.974  66.0

17 | 1.156  61.6 | 1.142 62.0(1.102 63.1 [1.070 64.1|1.049 64.7 [0.975  66.8

18 [ 1.180 61.71.168 62.0 | 1.099  64.0 | 1.068  64.9 [ 1.021  66.2 | 0.963  67.9
R L1710 627 | 1159 63.0 1.113 64.4 [1.052  66.1]1.020  66.80.997 67.7
© 20 1159 63.8|1.151  64.0 1122 64.9 | 1.086  65.9 | 1.065  66.6 | 1.002 63.4}
| Mean [1.163  62.2 | 1151  62.5 1.111  63.7 | 1.068 64.9|1.037 65.8|0.982 67.4]
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Table 1(B) Numerical Values of S, and G (Cobalt-60 5-rays, SSD 65 cm, p=0.231 g/cm®)
Depth 5% 5cm G % Gcm 5% 8cm 10 % 10cm 12x12cm 15% 15cm ‘
dfem | g, G | s G | s ¢ | s, G | s, ¢ | s G

l 2 0.430 31.0 | 0.410 36.0 | 0.387 38.3 | 0.367 40.3 | 0.350 42.1 | 0.332 43.8
3 0.447 32.8 ] 0.432 34.3 ] 0.413 36.3 ] 0.39 358.0 | 0.386 34.0 ] 0.369 40.7
| 0.460 31.9 | 0.451 32.9 | 0.430 35.0 | 0.420 36.1 | 0.411 37.0 | 0.398 38.4
5 0.478 30.5 1 0.4569 3L.4 | 0.454 33.0 | 0.440 34.4 ] 0.428 35.8 1 0.414 37.2
Mean | 0.469 31.2 | 0.460 32.2 | 0.442 34.0 | 0.430 35.3 | 0.420 36.4 | 0.406 37.8
6 0.491 29.2 | 0.437 30.0 | 0.475 31.3 | 0.461 32.8 | 0.447 34.2 | 0.433 35.7
7 0.506 28.3 | 0.499 29.1 | 0.489 30.2 | 0.477 31.4 | 0.464 32.9 | 0.449 34.5
8 0.516 27.7 1 0.510 28.5 | 0.500 29.4 | 0.485 31.110.473 32.4 | 0.457 3.1
9 0.521 27.5 1 0.516 28.0 | 0.504 29.4 | 0.493 30.5 | 0.484 31.5 | 0.468 33.4
10 0.528 27.1 | 0.522 27.7 | 0.506 29.5 | 0.505 29.6 | 0.495 30.7 | 0.481 32.3
Mean | 0.513 23.0 | 0.507 28.6 | 0.495 30.0 | 0.484 31.1 ] 0.473 32.31 0.458 34.0

: i
11 0.534 26.8 | 0.528 27.56 1 0.513 29.1 1 0.502 30.3 ] 0.499 30.7 | 0.487 32.1
12 0.531 27.4 1 0.521 28.6 | 0.516 29.1 1 0.499 31.1(0.492 31.9 | 0.484 32.9
13 0.528 23.1 1 0.524 28.6 | 0.516 29.5 | 0.507 30.7 | 0.494 32.1]0.435 33.2
14 0.535 27.7 1 0.523 28.1 1 0.519 29.6 | 0.508 30.8 | 0.500 31.8 | 0.485 33.6
15 0.536 27.9 1 0.533 28.3 | 0.524 29.4 | 0.512 30.7 | 0.498 32.4 | 0.482 3.4
Mean | 0.533 27.6 | 0.528 28.210.518 29.3 | 0.506 30.7 | 0.497 31.8 | 0.485 33:2
16 0.535 28.4 | 0.532 28.8 | 0.528 29.3 | 0.516 30.7 | 0.505 32.0 | 0.494 33.4
|17 | 0.536 28.6 | 0.533 29.0 | 0.524 30.0 | 0.517 31.0 | 0.512 31.6 | 0.494 33.8
I 18 0.54 28.3 | 0.509 28.6 | 0.524 30.5 | 0.517 31.4 | 0.505 32.8 | 0.491 34.6
19 0.539 28.9 | 0.537 29.2 1 0.527 30.5 | 0.513 32.2 | .0.507 32.9 ] 0.499 33.9
20 0.537 29.6 | 0.535 29.8 | 0.529 30.6 | 0.521 31.6 | 0.516 32.2 | 0.500 34.2
Mean | 0.538 28.8 | 0.535 29.1 | 0.526 30.2 | 0.517 3l.4 | 0.509 32.3 | 0.496 31.0

NI 2 DY 1 235 L, FofiEn 1, o s ¢
b 1Sy FEUFRMh Lie MR B Lo ik Da 1, i n=1,8,+ G logyo(S.C.F.). (20

Tz BN 0 BE 1418~ T, #E
(8.C.F.)Da 1w i LicFhid i birw s H5\
i, Sho Wi hike LT, Ao R
(8.C.F)Da e ki) HlEi X% 0, Z DAL Cofififh
AT HORERE m, & X0 FoSE R
BB+ 5y n 235 L, Fig. 5128WC, &%

tan6=__._.ml__’ (18)
_ 11 (_db

tanf= 5303 Da \~ dx )- (19)

(18) kv (19) v, L L no BYRR

R

G=2. 303-—%— ,
(__ dx )
S.C.F.=[li%idlx 7-#kAMOBEEX m+n—1lo |
®i+ 5 S.C.F. oofli.

(20) KD Sy X GOfEE, &b Ll
A DIfEMATE > & ol 1wl 5 iEciar
s oA, a5 Table 1 (BRI
w, ThbofEk, e doiEuici2ThsE D
Ka{ZBLinv. Thifue, hboflsihfg
A D fifERRATTE A H OB m IS % il i
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TES. Ik, (20) Ak m4n=l AT
AR\ T, SEEihigoB T 2 ElEn »
EbLTW5S.

(7) X 8 » (A7) Foo Sy 1, ko Bt
BRI B ¢

Sl=n2:§182“=-f§%;. (21)
L, [S|<| 95,

Zhik, koMM ERE Y, ko
ExwLiTag87 v v 22k T, HHE
oSG RGN, M8z ciE&oRime b
L5 EELCWHEE, T osSsimihio ik
A~BEDT 5 BERE, 1S, Tho. ki, ok
BT\ C, EiEE o BE) Uik o
B EmL 5 L, TosgRiig, &
b LS KBRERN~BEHT 5. DTREkC
2T L, B, Boo%Eabgo
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W x0T, (21 RESIT 5.

4. dubEhigE

Cobalt 7 #§, SSD g5cm 1= &\~ T, (11) X
BIO (200 Rep Sy, F X0V Sy, G OfER,
Wk LR 2 dulilfiiE Da 2 LT, H
REREELW IR LT L5 EfEESFR P(d)
HAVAE  EFi, ZORSFAOHS dDa/dx %,
(P(d+1)=P— 1)) 2 LEMT S Tk, 9
W7 > v ADOJFEMOEE oz, a7 ED
WE 0.231g/cm® HRHTS.

Table 1 (A), (B) &, o LTHEHI
72 Sy, F X0 Se, G ffieid. T, fic
Wb 2R Y, chbofEs LT, #XH
ZEOWHERAGSZ LTS,

Fig. 613, ECELMIESREL S.C.F. % EE L T
Wit FrGHGEE (lo=10cm, MHHEF10 X 10em,
SSD 65cm) % FEH LTW5 @ ROFEHEBIL, i
BB p DZOMWERC L2 THBA DT
Ho, FEoBRAx, Table 1 ofix 0B
D 8y XU S HRES % Fic S mihin
BEECIoTEhicb0THS . WEHX, 3

AOREZHMMFE MR H37HE He 5

Table 2 Numerical Values of the Shift Dista-
nce, n, in a Thorax Phantom (Cobalt-60
y-rays, 10 10em field, $SD 65cm, p=0.231
gfem®, 1,=10cm)

‘ n
| ) In lung tissue
§ m S
] (S.C.F. = 0.912)
| Sem Dem —2.48cm
| G 1 —1.47
: 7 2 —0.53
| 8 3 0.41
9 4 1.35
| 10 5 2.29
| 11 i 3.66
| 12 7 4.68
| In soft tissue
]
| d beyond lung
(S.CF. = 0.946)
11—15cm 4.432cm ;
1620 4.41 {

FFEEC—HT5.

Table 2%, Fig. 6 LR UCIAE 7 » v F 2% X
CES AT, BEELARIEREL S.C.F. %%
BUESE0SMRMRoOBE+ 5k 2%EDb
+. Zols (1) X Lot (20) ErpoHEL il
E S.C.F. » Lk, ZhEhofikrics
1 2 P lELEIERE S.C.F. % T 5 : il
A Cix, EAETIIY 5o i m= 6.5cm
3t BiE, S.C.F.== 0.912; Jiliz iz 7 ki 8k
ClE, me=10cm =313 51H0.892% b, S.C.F.=
0.946.

100,
80 B Co-80 S5D 65 om

ﬁ R 10 X10 em

£ B0 %-.__ B

g ~ T

£ . ™~ \\

E ™~ ..

2 Soft Tissue Lung Tissue Soft le\\"a

PR Y T | RN RN T T Y T 3.

X5 5 R

10 15
Depth. d fem)

Fig. 7. Central axis depth dose in a thorax phan-
tom (p=0.231 gfem®) for cobalt-60, 103¢10 em
field, SSD 65 em. Curve A is in water; curve B
is corrected according to n in Table 2; dots are
measured.
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Table 3 Structure of Four Kinds of Thorax Phantoms A-D and Numerical Values of 5.C.F.

(Cobalt-G0 y-rays, p==0.231 gfcm")

| Figs | “Thickness of | Whole thickness of S.CF. in SCF. in

i ant. soft tissue lung tissue, 1, lung tissue post. soft tissue

f A ' sem 2.5¢m 0.965 0.076

. B 7 5 0.934 0.962 )
C 10 10 0.912 0.946 )
D | &) 15 0.897 0.937

\_‘__ ]
e :
N e ]

~ 15 X15 cm i

SSD 65 em 5X5 N
. \\ 1

Soft Tissue |Tissue Soft Tissue

Percentage Depth Dose

PR T M I PR T R
E 10 ijfl 20 5
Depth. d lem}
Ad
5 oF \H“‘-\. 1
L — §
£ B0 g
§°7 Co-60 \:‘-__E\ i
-] SSD 65 em \
§ aor 15 %15 cm 1
é SX5 em
¥ T
.4 Soft Tissue Lung Twisue Soft Tissue B
2 NP B R L I
- 5 0 1 20 25
Depth. d {em)
(B)
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2™ \\% ]
£60F  co-80 %\
gt 5 “"::""H.__. 15 X15 om 1
& a0 SSD 55 (em \___‘_“'--‘.__ Soft Tissue |
g BXE em e T
- ---.,-._-\‘\‘--‘.._,.“__:|
& Soft Tisue Lung Tessue S
20 PR S N TR W T PR TR NN T S T PP
] 10 1 20 25
Depth. d lem)
(c)
00—~
<] ]
5 80k "“-"'-....-h..__h‘ ]
L — ]
£ 60 CorBO S 15XI5cm )
§ r H“E-"“-‘.. -
sspgs em  SX5em TU——man,
%‘4{— \\ J
§ \h“"“x
& " Soft ~ ]
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1 P P NI O [ el
ZCU 5 10 15 20 25
Depth. d {em}
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Fig. 8. Central axis depth dose in four kinds of thorax phantoms A-D (p=0.231 g/em?) for cobalt-
€0, SSD 65 ¢m, 5x5 cm and 15x15 cm fields. Solid curves are corrected according to §,, S,
in Table 1 (A), (B) and S.C.F.’s in Table 3; dots are measured.
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LTt 2%EA, o BEc LTt em
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ek xc, BH—EDRESGET CREMNT L
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m 0. SRR X T WA (0.58). ¥
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Xge s LChtiih (o= 0.3g/em®) %% 7ok
B\ C, B0 SRR 2Ntk
B Lo 0.4 BEHSETWS (0,45,
—%, BRI, 4.3MV Xgex UCiiifasko
WY fix% % T, Sundbom R {EJ5T,
0.58:DFMMT D THREZINZ TW5',

zz ¢, 0.58 (J272L, Sundbom 35 XU B
Ao LA CEAoTeTS) LEELOHEL
DHBEFOTHS . BELMY, ThEh Fig
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FhEROFER X 08 bhirhOlibgay Fig.
9 (A), (B) ikEbT. chboRickbh, &
OHFHHHIHT S : (1) 0.584%, —fuc, 2
WABoEapkEwreonT, EEDOKE
rpdoTBh. (i) oz ik, fRc, #&
RO TR OBER 35 L O FORHE © FIR s\
<, NEFhcie AR, FLw. () s, fi
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Bulkci, 0.5ENEELOHFEIIITS
hTnwb,

o (i), (i) kb, kofBENLThT
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L e+ 584 R (0.555\ X, flofE)
B+s e, () 040 ikEKPIC 15 HEE
BHEEIND ; T, FEDOFHERSWT, il
Tz RSN B0 5 SEHO BELERE
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Fig. 9. Central axis depth dose in thorax phan-
toms Band D (p=0.231 gfem®) for cobalt-60,
$SD 65 cm, 55 cm and 15 15cm fields. Solid
curves are the same as in Fig. 8 (B), (D); bro-
ken curves are obtained by the 0.5 rule; dots
are measured.
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