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Fig. 1. Comparison of beam hardening effects for various field size and wedge angle. First
one of each pair of number is side of square wedged field, and last one is wedge
angle in degree.
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Fig. 3. Comparison of field size factors for several wedge angles.
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Table 1. Beam hardening factors of wedged beams of 4 to 10 MV X-rays. At 15 cm depth,
maximum beam hardening factors are 1.036 for 4MV, 1.035 for 6 MV (Clinac
6/100), 1.042 for 6 MV (Clinac 2100C), and 1.014 for 10 MV (Clinac 2100C).

a) 4 MV X-ray of Clinac 4/100

. . Wedge Depth in water
Field size
angle 5cm 10 cm 15cm 20 cm 25 cm 30 cm
15° 1.003 1.008 1.009 1.011 1.014 1.013
30° 1.005 1.012 1.015 1.018 1.020 1.021
5X 5cm
45° 1.009 1.019 1.023 1.028 1.033 1.033
60° 1.012 1.027 1.036 1.044 1.051 1.056
15¢ 1.004 1.007 1.010 1.012 1.015 1.016
30° 1.002 1.008 1.014 1.017 1.021 1.025
10X10 cm
45¢° 1.007 1.014 1.023 1.031 1.036 1.043
60° 1.010 1.022 1.034 1.045 1.052 1.062
15° 1.002 1.002 1.005 1.007 1.009 1.011
30° 1.004 1.008 1.011 1.015 1.018 1.019
15X15cm
45° 1.007 1.013 1.020 1.026 1.032 1.037
60° 1.009 1.022 1.035 1.048 1.057 1.066

b) 6 MV X-ray of Clinac 6/100

) Wedge Depth in water
Field size
angle 5cm 10 cm 15cm 20 cm 25cm 30 cm
15° 1.001 1.005 1.006 1.008 1.009 1.010
30° 1.002 1.006 1.008 1.008 1.009 1.013
5X 5cm
45° 1.006 1.014 1.020 1.025 1.029 1.035
60° 1.006 1.016 1.024 1.030 1.034 1.038
15° 1.001 1.003 1.005 1.006 1.006 1.010
30° 1.002 1.005 1.008 1.011 1.014 1.017
10X 10 cm .
45¢° 1.006 1.012 1.019 1.024 1.028 1.033
60° 1.006 1.014 1.024 1.031 1.037 1.044
15¢ 1.002 1.002 1.005 1.007 1.009 1.011
30° 1.004 1.008 1.011 1.015 1.018 1.019
15X15 ¢m
45° 1.007 1.013 - 1.020 1.026 1.032 1.037
60° 1.009 . 1022 1.035 1.048 1.057 1.066
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¢) 6 MV X-ray of Clinac 2100C

Wedge Depth in water

Field size
angle 5 cm 10 cm 15cm 20 cm 25 cm 30 cm
15¢ 1.005 1.009 1.014 1.017 1.023 1.027
30° 1.008 1.016 1.025 1.030 1.036 1.039

5X5cm
45° 1.011 1.024 1.037 1.046 1.055 1.059
60° 1.013 1.027 1.042 1.054 1.062 1.067
15¢ 1.002 1.008 1.011 1.015 1.020 1.022
30° 1.006 1.014 1.021 1.028 1.035 1.042

10X 10 cm
45° 1.007 1.020 1.032 1.041 1.049 1.058
60° 1.008 1.023 1.036 1.048 1.059 1.066
15° 1.006 1.008 1.011 1.015 1.018 1.021
30° 1.006 1.011 1.018 1.024 1.031 1.036

15X15 ¢m
45° 1.008 1.017 1.027 1.037 1.044 1.052
60° 1.009 1.021 1.034 1.046 1.057 1.066

d) 10 MV X-ray of Clinac 2100C

. Wedge Depth in water
Field size
angle 5cm 10 cm 15 cm 20 cm 25 cm 30cm
15° 1.004 1.006 1.008 1.010 1.011 1.012
30° 1.006 1.009 1.013 1.017 1.021 1.022
5X 5 cm
45° 1.004 1.007 1.010 1.012 1.013 1.013
60° 1.005 1.008 1.011 1.012 1.013 1.012
15° 1.004 1.007 1.008 1.011 1.012 1.013
30° 1.005 1.009 1.012 1.017 1.021 1.024
10X10 cm
45° 1.004 1.010 1.012 1.0 1.014 1.016
60° 1.005 1.011 1.012 1.C 1.017 1.018
15° 1.005 1.005 1.008 1.010 1.010 1.013
30° 1.006 1.008 1.012 1.016 1.018 1.023
15X 15 cm
45° 1.007 1.009 1.012 1.014 1.016 1.017
60° 1.006 1.009 1.014 1.018 1.020 1.023

Table 2. Wedge transmission factors. These factors were measured at d,,, for 10X 10cri at

max

100cm SSD.
Clinac 4/100 Clinac 6/100 Clinac 2100C
4MV 6MV 6MV 10MV
15° 0.806 0.817 0.780 0.811
30° 0.686 0.772 0.630 0.679
459 0.544 0.628 0487 0.525
60° 0.394 0.438 0.410 0.444
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Table 3. Field size factors (Sc) for open field. These factors were measured in air.

Clinac 4/100 Clinac 6/100 Clinac 2100C

A/P 4AMV 6MV 6MV 10MV
1.0 0971 0.963 0.948 0.943
1.5 0.983 0.979 0.971 0.967
2.0 0.993 0.991 0.986 0.985
25 1.000 1.000 1.000 1.000
3.0 1.005 1.007 1.010 1.005
40 1.015 1.017 1.023 1.013
5.0 1.022 1.024 1.031 1.020
6.0 1.029 1.029 1.036 1.026
7.0 1.033 1.033 1.043 1.032
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A Study on the Variation of Transmission Factors, Output Fac-
tors and Percent Depth Doses by Wedge Filters for 4~10 MV
X-Ray Beams

Wee Saing Kang, Ph.D.
Dept. of Therapeutic Radiology, College of Medicine, Seoul National University
28 Yeongeon-dong, Chongno-gu, Seoul, 110— 744 Korea

Abstract
Because a wedged beam consists of attenuated primary photons and scattered radiations

from wedge, the spectrum of the wedged beam does not coincide with that of an open
beam with same geometry. The aims of current report are to get exact information about
whether effects of 15—60° wedge for 4—10 MV photon beams should be considered for
dose calculation or not, and to suggest a reference condition for measurement of wedge
transmission factor. Percent depth dose of both open and wedged fields with angles of
15, 30, 45, 60° for beams of 4 MV (Clinac 4/100, Varian), two 6 MV{(Clinac 6/100 and Clinac
2100C, Varian), 10 MV(Clinac 2100C, Varian) X-rays were measured to 30 cm deep in water
using ionization chambers. Hardening factors of photon beams were calculated with measured
PDDs. Both field size factors and transmission factors of wedge filters were measured at
d...in water. Beam hardening factors of wedged fields of 4 and 6 MV X-ray were larger
than 1 for all wedge angles, field sizes and depths deeper than d,,,. Beam hardening factors
for wedge angles 15, 30, 45, 60° for 10X 10cni were respectively 1.010, 1.014, 1.023 and
1.034 for AMV X-ray, 1.005, 1.008, 1.019, and 1.024 for 6MV X-ray of Clinac 6/100, 1.011,
1.021, 1.032, 1.036 for 6MV X-ray of Clinac 2100C, and 1.008, 1.012, 1.012 and 1.012 for
10MV X-ray. Beam hardening factors of 10MV X-ray were 1 within 1.2% difference for
all wedge angles, depths and field sizes. It was made clear that for 6MV X-rays, the beam
hardening factor depends on treatment machine. The relationship of the factor and depth
was linear. Field size factor at d,. was independent of wedge angle except for the field
of 15X 15¢m. and maximum difference of the field size factors for the field size was 1.4%
for 4MV X-ray. When the wedge factor is determined, dependence of the factor on field
size is negligible at d,, but should be considered at deeper depth. Calculating dose di-
stribution or MU, the beam hardening factor should be applied for 4~6MV X-ray beams,
but might not be considered for 10MV beam. When wedge transmission factor was de-
termined at d,, or in air, field size factors for open field are also applicable to wedged
fields, but otherwise, field size factor for each wedge or wedge factor depending on field
size should be applied.



