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The isodose curve shift method for irradiation of the thorax is the simplest one by which isodose

charts can be obtained easily. The authors have simplified the treatment of the next two Equations

(1) and (2), which express the values of the shift distance, n, of the isodose curve in the lung tissuc and in

the soft tissue beyond the lung respectively, by expressing each scatter correction factor, S.C.I'., as an ex-

ponential function; a constant; or a combi nation of the two.
n=mS;(d) 4+ F(d)loge(S.C.F.),
n=1ySy(d) + G(d)log,(S.C.F.).

As a result, a series of values of the shift factor, R, of the isodose curve can be obtained:—

()
(2)

(A) The shift factor, R, is defined as n/m when a corrected isodose curve is in the lung tissue:
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R=a when S.C.F,= 1Q-atm+n)

R:a—;—i
m

when S.C.F,=5.C.F. .

(B) The Shift factor, R, is defined as n/l; when a corrected isodose curve is in the soft tissue

beyond the lung:

RuaT?m when S.C.F.= 10«0, ] (étm+n=10)
0
R e o when S.C.F.—A. [0stm+n=1)

L, T I,
R=a when 8.C.F.=1—k (1—10~«),
R=a-+ Ib when 8.C.F.=S.C.F. .

0

Thé symbols mentioned above have the following meanings: m is the distance from the front surface
of the lung to the point x=d; ly is the whole thickness of the lung;and the others are constants.

The constants a, b, ¢ are functions of the central axis depth dose, Dy, the density of the lung, p,
the scatter correction factor, S.C.F., and so on. A good conclusion has been obtained for 10 MV X-

ray irradiation that the central axis depth dose corrected according to R is within 429 against the

measured.
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Fig. 1. Central axis depth dose in a thorax phan-
tom (p=0.223 gfem®) for 10 MV X-rays, 10
10 em field, SSD 100 cm. Curve A is in water;
curve B is corrected for absorption differences;
dots are corrected according to S,(d) and S,(d)
in Table 1 (A) and (B).
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Fig. 2. Curves of the S.C.F. in a thorax phantom

(p=0.223 gfem?®) for 10 MV X-rays.
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Table 1(A) Numerical Values of S,(d) and F(d) (10 MV X-rays, SSD 100 cm, p=0.223 gfem®)

' Depth | 4% 5%5 6x6 | sxg | 10xl0 1212 15% 15

|1 5@ | Py |8, | F@y |8, | F@) |5, [ F@) |5, [ Fd) | 5. [ Fea) [5:¢> | Feay
| . I

3] 0.542 100.1] 0.452] 103.2] 0.420] 104.3] 0.371] 105.9] 0.330| 107.0] 0.271] 109.3 0.219] 111.1
|4 0853 90.1 0.810] 91.9 0.738 93.7) 0.703 95.6| 0.631] 95.0] 0.583 99.7) 0.551] 100.5
5o qnll 88. O[U 921 88.8 0856 91.2 0.798 93.2 0.751 94.8 0.734| 95.4/ 0.704 96.4
6 0.9 mgnun 90.0/ 0.919) 89.8] 0.859] 91.9) 0.826/ 93.1/ 0.778 91.8] 0.714] 97.0
7 | 0.961] 89.200.937] 90.0{ 0.931 90.2 0.850 93.1) 0.826 93.9 0.775 95.8 0.752 96.6
© 8 | 1.0000 88.6/0.990] 89.0] 0.910/ 91.8 0.866] 93.4) 0.812 91.3 0.801] 95.7] 0.809] 95.5
L9 89.5 0.986 90.0] 0.819 91.9) 0.881] 93.8] 0.835 95.3| 0.794 96.9] 0.787] 97.1
{110 0.986 90.8 0.975 91.2{ 0.969| 91.4 0.941f 92.4] 0.881| 91.6 0.816] 96.9) 0.756 99.1
Mean | 0.977] 50.0| 0. qsq 80.8( 0.906] 91.6 0.866( 93.0 0.827] 94.3 0.783 95.9) 0.754 97.0
1| 021 90.3{ 1.008 90.8 1073 88.4) 0942 93.2{ 0.856 96.4 0.830] v7.0 0.792 9s.7
12 |1.053 89.9 1.l.ua.| 91.0 0.993 92.2 0.9L1 95.1| 0.895 95.8 0.878 96.4) 0.830 93.2]
13 1053 90.7 L.02t 92,00 1.004] 92,6/ 0.939 94.3] 0.940, 95.0 U.':}ZZT_ 95.7) (.867| 97.7
14| 1.047) 91.8 1031 92.4) 1,033 92.3 0.984 91.2] 0.943 95.7] 0.925| 96.4] 0.907 97.1
15 | 1.056 92.2 1017 93.7 1.001] 91.2 1010, 91.0 0.967] 95.6) 0.946 96.4] 0.887 98.7
Mean iI.f)I'F 91.0] 1.021 E!L’.Ué 1.021] 92.6/ 0.962 0420 0,920 95.7) 0.902] 96.4| 0.857] 98.1
16 | 1039 93.0] 1.060f 92.9 1020 91.4 0.991] 95.5 0.965 96.5 0.915 97.3 0.901 99.0
17| 1.083 92.8) 1.061) 93.5(1.066 93.5 1.009 95.7 0.962 97.5 0.916 9.2 0.917] 99.2
18 | 1.103 92.8f 1.058 91.6| 1.040| 95.3 1.020] 95.7) 0.974| 97.8 0.974] 97.9! 0.904 100.6
19| L1250 92.7) 1.078 91.6 1.056 95.5 1.044) 95.9 1.013 97.1[ 1.014] 97.1] 0.938| 100.1
20| 1091 94.9[ 1.051) 96.5( 1.056| 96.2] 1.034) 97.1) 0.987 9.0/ 0.963 99.9 0.946| 100.6
Mean | 1.092 93.2' 1.062 94.4 1.048 ”5-”i'-”31! 96.0 0.980] 97.6] 0.962| 98.3{ 0.921| 99.9|
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Table 1(B) Numerical Values of S,(d) and G(d) (10 MV X-rays, SSD 100cm, »=0.223 gfcm®)
Depth 4 x4 5%5 6 X6 8 X8 10x10 12x12 15% 15
d (cm) S,(d) | G(d) | S.(d) | G(d) | 8,(d) | G(d) [ S.(d) | G(d) | S.(d) | G(d) | S,(d) | G(d) | S8.(d) | G(d)

3 0.352] 64.9 0.311 71.1) 0.296] 73.4] 0.271| 77.3] 0.253 80.0] 0.213] 86.0] 0.180f 91.2

4 0.460| 48.8] 0.448 50.8| 0.431] 53.3] 0.413| 56.1) 0.387) 60.1{ 0.368 62,9 0.355 65.0

| 5 0.485 15.4] 0.480[ 46.1] 0.461] 49.1) 0.444f 51.8| 0.429) 54.1f 0.423] 55.0[ 0.413] 56.6
[ 6 0.493  44.6) 0.478) 47.0| 0.479] 46.8) 0.462| 49.5| 0.452] 51.0f 0.437| 53.3] 0.417| 56.6
7 0.490[ 45.5| 0.484] 46.5| 0.482] 46.7] 0.459] 50.3| 0.452| 51.4] 0.437] 54.0| 0.429] 55.1

8 0.500 44.3| 0.497) 44.7) 0.477) 48.1] 0.464] 50.1) 0.457 &1.2) 0.445] 53.1] 0.447] 52.8
9 0.499) 44.8| 0.496) 45.3| 0.459 51.3| 0.468 49.9) 0.456] 51.9) 0.443| 54.0] 0.440] 54.3
10 0.496] 45.7) 0.494) 46.2 0.492] 46.4] 0.485] 47.6| 0.468 50.3| 0.449] 53.4] 0.431] 56.5
Mean | 0.494] 45.1} 0.488) 46.0[ 0.475( 48.1| 0.454] 49.9] 0.452| 51.7] 0.439] 53.8] 0.430] 55.3
11 0.505 44.7) 0.502) 15.2] 0.518 42.6 0.485i 48.00 0.461 51.9] 0.456/ 52.7] 0.442) 55.1
12 0.513| 43.7] 0.506 44.9[ 0.498| 46.3 0.478 49.7| 0.472 50.6| 0.468 51.3) 0.453 53.7
13 0.513) 44.1] 0.505( 45.5] 0.501f 46.2 0.490| 48.1) 0.485 49.0; 0.479) 49.8| 0.464] 52.3
14 0.511] 44.9] 0.508 45.5] 0.508) 45.4] 0.496) 47.5) 0.485 49.3] 0.480| 50.1] 0.476 50.9
15 0.514] 44.9] 0.504] 46.5] 0.500{ 47.2] 0.502] 46.8] 0.492] 48.6| 0.486] 49.6] 0.470, 52.3
Mean | 0.511] 44.5) 0.505/ 45.5 0.505] 5.5 0.490{ 48.0] 0.479] 49.9| 0.474] 50.7| 0.461] 52.9
16 0.514 45.2] 0.515] 45.1) 0.505] 46.8 0.498 48.0} 0.491] 19.1) 0.486, 56.0| 0.474] 52.1
17 0.520{ 44.6] 0.516] 5.3 0.516! 45.2) 0.502] 47.6| 0.490) 49.7) 0.473) 51.8| 0.478] 51.8|
18 0.525( 44.1} 0.514] 45.9} 0.510/ 46.7) 0.507] 47.2| 0.493) 49.6| 0.493| 19.6] 0.475 52.9
19 0.529] 43.6 0.519] 15.5/ 0.514 46.5/ 0.511] 46.9| 0.503| 48.2] 0.504 48.2| 0.484] 51.7
20 0.522] 15.4] 0.512) 47.00 0.514] 46.8 &508; 47.8) 0.497] 49.8] 0.491] 50.9| 0.486, 51.7
Mean | 0.522] 414.6 0.515| 15.8' 0.512 -lLi.rL| 0505& A7.5] 0.495  49.3] 0.490, 50,1 ('L--I‘?PI 52.0i
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Table 2(A) Numerical Expressions of the S.C.F. in the Lung Tissue
(10 MV X-rays, SSD 100 e¢m, p=0.223 gfem?, 1,=17.5 cm)
log,, (S.C.F.) |
_ {
Field ~ a(m+n) ' log,, (S.C.F.) |
-1y | Range of Application | | =—— " Range of Application |
(em) Lo« (em '? N (cm) | | log,, (S.C.F.) (cm) |
4% 4 0.01814 | 04m+n< 4.4 —0.0780 4.44m +n |
5% 5 0.00887 0£Lm + n< 5.2 —0.0578 6.2£m +n |
6 x 6 0.00677 | 04m+n< 6.8 | —0.0464 6.84m + n .-
|8 x 8 | 0.0025 | 0Zm+n i - ; — i
| | | i |
[ 10 x10 | i i
: 12 x12 | 000186 | 0ZLm-+n — — ‘
| 15 x 15 | [
Table 2(B) Numerical Expressions of the S.C.F. in the Soft Tissue beyond the Lung
(10 MV X-rays, S8D 100 cm, p=0.223 gfem®, 1,=17.5 cm)
_.= log($.C.F.)
i N : —
. Field | log, A+ 8 (m+n—1,) log,, (8.C.F.) ,I
i [ B _.y | Range of Application & |, e—rer Range of Application
| (em) | logiy A | g(cm™) | (cm) I log,, (S8.C.F.) _. Cem)
4x 4 —0.0147 | 0.08%6 = 0Zm4n—1,< 1.0 | | 1L0gm4n—1,
‘ 5x 5 | —0.0542 If 0.0241 | OLm4n—1,2 1.6 i —0.0106 ! 1.6£m+n-—1, |
| 66X 6 | —0.0457 | 0.0170 0gm+n—1,< 1.6 | | l.6£m+n-—-1,
‘ 8 x 8 ‘ - : i .
| 10 x 10 ' { i
5 % 15 [ — - — —0.0227 | 0gm+n—1, |
| | |
’ |
|15 x 15 g |
100 i 100 -
g 80 \%\\\ : g 80 -
8 - . g o ‘--...._Q:‘?:..._‘_“Jg
= T =]
B IOMV X-ray \\B\g__/\\— ‘:Qj IOMV X-ray H“E""“\ [T~ .
a $SD 100 cm A . S $SD 100 cm ~ ™
g49 4x4cm N 1 g 40 10x10 cm S~
£ 2 ™~
g _ 3 ™
.f Soft Tissue Lung Tissue Soft Tissue 5 i i e
f5=1 Lol e b (g=1 £ So.(fl?ﬂzﬁs}uie ( Cork ?lJ(‘;l?gz;',sshf:i]'.s em) St‘.;h?':’ll.?ue
200 5 0 5 20 55 et 200|||er||||6||_1|II5|-|n:ln|1|215||

Depth in Phantom (cm ) -

a)

Depth in Phantorn {cm )

(B)

Fig. 3. Central axis depth dose in a thorax phantom (0=0.223 g/em?®) for 10 MV X-rays, SSD
100 cm, field size (A) 4x4 em and (B) 10x10 ¢cm. Curve A is in water; curve B is measured;
dots are corrected according to n in Table 3 (A), (B).
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Table 3(A) Numerical Values of Shift Distance, n, in the Lung Tissue

(10 MV X-rays, SSD 100 em, p = 0.223 g/em®, 1, == 17.5 cm)
i~ n (cm T
Depth Depth | (Values with * are from Eq. (3). and others from Eq. (2).)
d (cm) | mom) |y | 5x5 | 6x6 | sx8 | 10x10 | 12x12 | 1515 |
b 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 1 —0.24 0.09 0.18 0.51 0.55 0.51 0.49 |
7 2 —0.49 0.18 0.35 1.02 (N} 1.03 0.97 |
8 3 (.73 0.26 0.53 1.53 1.66 1.54 1.46 .
9 4 —0.98 0.35 0.70 2.04 2.22 2.05 1.94
10 5 —1.22 0.44 0.88 2.56 2.77 2.57 2.43 '
11 6 —0.82* | 0.81* | 1.86* | 3.50 3.78 3.68 3.42_|
12 7 0.23% 1.83% 2.88% 4.09 4.41 4.29 3,99 |
13 3 1.28* 2.85% 3.90% 4.67 5.04 4.90 4.56 E
f 14 9 2.33*% 3.87% 4.92% 5.26 5.67 5.52 5.13 |
i 15 10 3.37* 4.89% 5.94% 5.84 6.30 6.13 5.70 |
? 16 11 4.74% 6.22% T.12% 6.89 7.44 7.25 6.82
' 17 | 12 5.83% 7.20% 8.17* 7.51 8.11 7.91 7.44
13 | 13 6.92% 8.35% 9.22% 8.14 8.79 8.57 3.06
Table 3(B) Numerical Values of Shift Distance, n, in the Soft Tissue beyond the Lung
(10 MV X-rays, S8D 100 cm, o = 0.223 g/em?®, 1, = 17.5 cm)
| ' n (cm)
: Depth | Depth (Values with * are from Eq. (5), and others from Eq. (6).) I
| dlem) | mlem) |y | 5x5 | 6x6 8x8 | 10x10 | nxwi 1515
TG 1 7.03* 8.53 8.10* 7.56 7.54 7.44 7.20
| 8.66 8.47
! 17 12 8.66 8.53 8.47 7.56 7.54 T.44 7.20
18 13 8.66 8.53 8.47 7.56 7.51 7.44 7.20
19 14 8.66 8.53 8.47 7.56 0 1 T.04 7.44 7.20
20 15 8.66 8.53 8.47 7.56 { 7.54 7.44 7.20
Supplemental 7.90% 8.33% 6.98%
Values of n (d=15.5) | (d=15.8) | (d=15.7)
6.16% T.27T% 7.35%
(d=16.5) | (d=15.9) | (d =15.8) i
| T.73% |
; (d =15.9) |

dcm LJEGHITI0X 10em 12 BI3-5 drl g 4
Fig. 3 (A), (B) k#FEbT. toRoBN,
Table 3 (A), (B) O nfinbfFbhizboT
B, ERcEbIhTWHEIMECHT 5 Fh
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Fig. 4 Tsodose curves in a thorax phantom (p=0.223 g/cm?®) for 10 MV X-rays, SSD100 cm, field
size (A) 4x4 cm and (B) 10x10 em. The left side is measured; the right side is obtained by

the isodese curve shift method.
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Table 4(A) Numerical Values of Shift Factor, R, in the Lung Tissue
(R=n/m, 10 MV X-rays, 85D 100 cm, p=0.223 g/cm®)

m £ 5.7
m > 5.7

d (cm) 3 4 5~20
4 x 4 — 0.452 — 0.297 — (.231 1.039 — 7.106/m
5 x5 — 0.242 — 0.003 0.108 1.012 — 5.323/m
6 X 6 — 0.168 0.076 0.223 0.992 — 4.311/m
d (em) 3 4 5~20
8 ® 8

{ 0.066 0.348 0.587
15 % 15

Table 4(B) Numerical Values of Shift Factor, R, in the Scft Tissue beyond the Lung
(R=n/1, 10 MV X-rays, SSD 100 ¢m, p=0.223 gjcm?)

4x4 (0£m+n—1,<1.0);

5x5 and §x6 (0Lm+n-—1,<1.6)

d (cm)

3

1

5~20

4x4 (1, < 4.4)
5x5 (1, < 6.2)
6 X6 (1\: <2 68)

1.756 — 1.414m/fl,
2.850 — 2.402m/1,
5.846 — 5.036m/1,

1.910 — 1.638m/1,
5.470 — 5.459m/1,

1.963 — 1.739m/1,
9.762 —10.703m/1,
—2.964 + 3.840m/1,

d (cm) 4 5 ~~20
4dx4 (1, x4.4) 1.345 + 2.426f1, — 1.636m/lL, 1.364 + 2.582/1, — 1.741m/1,
5x5 (1, » 6.2) 3.461 4 13.092/1, — 5.459m/l1, 5.965 + 26.386/1, —11.002m/1,
6x6 (1, X 6.8) —5.060 — 26.337/1, + 9.645m/1, —1.504 — 10.800/1, + 3.958m/1,

4x4 m+n—1,>1.0); 5x5 and 6§ X6 (m+n—I N 1.6)

d (cm)

3

4

5~~20

4x4 (1, < 4.4)
5x5 (I, < 6.2)
6x6 (I, <6.8)
3x8

l
15%15

0.146

0.320

0.408

d (cm)

5~-20

4 x4 (Io
5x5 (]
6x6 (I

2 4.4)
N 6.2)
N 6.8)

0.446 — 0.541/1

0.503 — 0.484/1,
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Fig. 5. Central axis depth dose in three kinds of thorax [phantoms (A)-(C) (p=~0.223 gf/cm?) for

10 MV X-rays, SSD 100 c¢m, 5x5 e¢m and 10x10 cm fields.

Solid curves are measured; dots

are corrected according to R in Table 4 (A), (B).
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