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Experimental and Theoretical Studies
on the Isodose Curve Shift Method

Correction of the Isodose Curve for Oblique Incidence
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The isodose curve shift method is the simplest one for obtaining an isodose curve for oblique in-
cidence from the normal isodose curve in X-ray, y-ray and electron beam teletherapy, especially in hand
drawing. The rate of isodose curve shift has been derived both empirically and theoretically, but the
empirical method is rough and not logical, and the conventional theoretical method containes the com-
plicated expression in itself,

The theoretical formula which the author developed is very simple, and can be applied to any radi-
ation for teletherapy on the condition that the inverse-square law holds good, and the central axis depth
dose is not changed even in oblique incidence. Moreover, this forrula consists of only two main factors,
namely the percentage depth dose and its differential value.

The rate of isodose curve shift, S, is formulated as

8 et [1 2 P(d)
TR T T T+ d T =dP{d)/dx )t

where f is the SSD, P(d) is the percentage depth dose at the depth x = d, and dP(d)/dx is its
differential value.
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Fig. 1. Diagram showing {symbols used in dosage
calculation for oblique incidence.
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Fig. 2. Diagram to illustrate how a standard set
of isodose curves can be altered to suit a clini-
cal situation where the skin surface is not perp-
endicular to the beam.
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Table 1. The rate of isodose curve shift for cobalt 60 «-rays at SSD 75cm.
Depth 4 4dcem 6 X 6cm 8 x 8cm 10> 10cm 12> 12cm 153 15¢cm
a S 5 S 5 S 8§ 8 5 5 5 S §
2 0.605 0.560 0.529 0.512 0.520 0.458
3 0.613 0.576 0.552 0.533 0.517 , 0.499
4 0.618 Lkl 0.594 0.584 0.570 0.560 0.551 0.56 0.540 0-5% 0.522 058
5 0.630 0.605 0.588 0.573 0.561 0.540
6 0.638 0.616 0.601 0.590 0.575 0.553
7 0.640 0.625 0.611 0.599 0.584 0.561
8 0.641 | 0.638 | 0.629 | 0.623 | 0.614 | 0.610 | 0.601 | 0.599 | 0.592 | 0.586 | 0.569 | 0.568
9 0.638 0.625 0.616 0.601 0.589 0.576
1.0 0.631 0.620 0.610 0.605 0.588 0.579
11 0.627 0.616 0.602 0.598 0.587 0.576
12 0.626 0.615 0.600 0.591 0.583 0.573
13 0.622 | 0.617 | 0.612 | 0.609 | 0.596 | 0.597 | 0.583 | 0.587 | 0.574 | 0.576 | 0.563 | 0.562
14 0.612 0.604 0.595 0.580 0.567 0.550
15 0.600 0.598 0.592 0.582 0.568 0.549
16 0.595 0.594 0.585 0.579 0.563 0.555
17 0.595 0.589 0.579 0.568 0.562 .| 0.548
5 o502 % 0582 %% [0.573 | O [0.860 | %% [0.554 | % [0.5a5 | 0%
19 0.590 0.579 0.569 0.562 0.556 0.542 ]
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Table 2. The rate of isodose curve shift for 10MV linac X-rays at SSD 100cm.

Depth 4 x 4em 6 % 6cm 8% 8cn 10:< 10cm 12x12cm 15% 15¢cm
. S -8 8 5 S 8 S § S 8 S §
4 0.570 | 0.570 | 0.534 | 0.534 | 0.511 | 0.511 | 0.479 | 0.479 | 0.456 | 0.456 | 0.439 | 0.439
5 |0.59% 0.565 0.544 0.526 0.519 ' 0.506
6 0.599 0.582 0.561 0.549 0.531 0.506
7 0.589 0.580 0.553 or | 0-544 0.525 .. | 0.516
8 0.5% 0.592 0.563 0.569 0.553 0.556 0545 0.542 0.530 0.526 0.533 0.514
9 0.590 0.542 0.553 0.538 0.523 0.520
10 0.581 0.576 0.567 0.548 0.526 0.503
11 0.586 0.600 0.562 0.535 0.529 | 0.512
12 0.590 0.572 0.549 0.543 0.537 0.521
13 0.585 | 0.583 | 0.571 | 0.575 | 0.558 | 0.558 | 0.552 | 0.546 | 0.546 | 0.540 | 0.529 | (0.525
14 | 0.577 0.574 0.560 0.548 0.542 0.537
15 0.575 0.560 0.562 0.550 0.544 0.526
16 0.571 0.560 0.552 0.545 0.539 0.526
17 0.572 0.568 0.553 0.539 0.526 0.526
18 0.572 | 0.570 | 0.556 | 0.557 | 0.553 | 0.551 | 0.538 | 0.529 | 0.538 | 0.535 | 0.518 | 0.523
19 0.573 0.555 0.552 0.544 0.545 0.523
20 0.560 0.548 0.545 0.529 0.526 0.521
22 0.555 0.550 0.536 0.531 0.524 0.516
24 0.556 0.543 0.536 0.530 0.523 0.505
2% 0.554 0.552 5Bl 0.543 0.534 0.534 0.528 0.528 0.521 0.521 0.502 0.507
28 0.542 0.537 0.530 524 0.516 0.505
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Fig. 3. Isodose curves for oblique incidence 30 degrees in cobalt 60 teletherapy for field
size (a) 4x4cm, (b) 10x10cm and (¢) 12x12cm at SSD 75cm. Solid curves are me-
asured with ionization chamber, and black circles are obtained by the isodose curve shift
method. In this case, the 100% is the air dose for 10 10cm field at SSD 75cm.
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Fig. 4. Isodose curves for oblique incidence 30 degrees in 10 MV linac X-ray teletherapy
for field size (a) 4x4 cm, (b) 10x10cm and (c) 12x12¢m at FSD 100cm. Black

circles are obtained by the isodose curve shift method, and dotted lines are measured
with film.
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Fig. 5. Relative air dose rate against the distance
from the scattering foil. Solid curve is calculated
from the inverse-square law assuming the scatte-
ring foil to be the virtual source, and black cir-
cles are measured. In this case, the 1009 is the
air dose rate at the point of 75.8cm from the
virtual source.
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Fig. 6. Central axis depth dose produced by linac
electron beams for incident energies of 8 MeV,
10 MeV and 12 MeV. At least these fields and
oblique incidence less than 20 degrees do not
have effect on the depth dose.
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Table 3. The rate of isodose curve shift for

8 MeV, 10MeV and 12 MeV linac electron
beams.

Depth 8MeV | 10MeV | 12MeV

cm
1.146 1.287 1.226
0.743 1.492 1.435
0.924 0.789 0.659
0.950 0.925 0.903
- 0.942 0.934
— == 0.932
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Fig. 7. Isodose curves for oblique incidence 20
degrees in linac electron beam teletherapy for
12x8cm fields, (a) 8 MeV, (b) 10 MeV and
(c) 12 MeV. Solid curves are obtained by the
isodose curve shift method, and dotted lines are
measured with film.
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Table 4. The rate of isodose curve shift
at the depth 10cm for cobalt 60 y-rays

and several energies of X-rays, 1010
cm field, SSD 100cm.

“Co 4MV | 6MV | 8MV | 1MV

0.672 | 0.642 | 0.603 | 0.561 | 0.548

15MV | 20MV | 22MV | 2dMV 3IMV

0.517 | 0.500 | 0.522 | 0.484 | 0.380
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Fig. 8. Variation of the rate of isodose curve shift
with depth for cobalt 60 y-rays, 6 MV, 10 MV
and 15 MV X-rays, 10 10cm field at SSD 100
cm.
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Fig. 9. Variation of the rate of isodose curve shift
with field size for SSD 20cm, 40cm, 65cm and
100cm.
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