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Calibration curves for radiochromic films using enbanced dynamic wedge dose gradients
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[Abstract]

In this study, we propose a method to generate a calibration curve for relative dose verification using radiochromic
film (RCF) in a single irradiation. The calibration curve was generated using the dose profile calculated with wedges on
the treatment planning system and the density profile of the RCF image. Our method using the dose profile of the 60-de-
gree EDW dose image and the density profile of the RCF image took one-tenth the time of the conventional method, and
by limiting the range of profiles used, it was possible to generate a calibration curve with the same accuracy as the con-
ventional method.
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Fig.1 (a) shows the RCF averaged over three
scans and the averaged RCF median-
filtered every 5 pixels. (b) shows the dose
distribution at 60 degrees EDW at the peak
depth of the water-equivalent solid phantom
output from the treatment planning system.
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Fig.2 Figure shows profiles of pixel values obtained from RCF images acquired with different short sides of

the rectangular ROI.
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Fig.3 The graph shows a histogram of pixel values obtained by varying the width of the short side of the

rectangular ROI.
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Table 1 Deviation of the dose profile created by the rectangular ROI from the reference dose profile obtained
by the line tool. The short edge of the rectangular ROl was varied from 2 mm to 100 mm to obtain
dose profiles.

Dose difference relative to reference profile (%)

Short Side of Off-axis distance in long axis direction (mm)
rectangular ROl (mm) -90 mm -70mm -50mm -30mm -10mm 10mm 30mm 50mm 70mm 90 mm
2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
20 -01% -01% -01% -0.1% 0.0% -01% -01% -01% -0.1% -0.1%
30 -02% -02% -02% -01% -01% -0.1% -01% -02% -02% -0.2%
40 -03% -02% -02% -02% -01% -0.1% -02% -03% -0.3% -0.3%
50 -03% -03% -03% -02% -01% -0.1% -03% -03% -04% -04%
60 -04% -03% -04% -03% -01% -0.1% -03% -04% -05% -0.5%
70 -05% -04% -04% -03% -01% -01% -03% -05% -05% -0.7%
80 -05% -04% -04% -03% -01% -02% -04% -05% -0.6% -0.8%
90 -05% -04% -04% -03% -01% -02% -04% -06% -0.7% -0.8%
100 -05% -05% -05% -03% -01% -02% -04% -06% -0.8% -0.9%

a Calibration curves created by the b Calibration curves created by the wedge
conventional method method
350 350
y = 5,023.5406 x3 + 1,039.5945 x> + 980.0916 x y =1,703.0865x3 + 1,558.9373 x> + 969.4230 x
R?=10.9993 R2=0.9995
300 » 300
250 - 250
&
2 200 ¥ 2 200
& : &
< <
b g <
3 g
A 150 ,A 8 150
»
.
100 - 100
. ®  conventional method ®  wedge method
P p
50 - 50
S polynomial equation ST polynomial equation
x" approximation approximation
0e” 0
0.00 0.05 0.10 015 0.20 0.25 0 0.05 01 015 02 025
netOD netOD

Fig.4 Calibration curves produced by the conventional method (a) and the wedge method (b). The
conventional method was created with 11 doses. The wedge method was generated with 161
doses. The wavy lines are approximate curves of cubic functions, and the dots are known doses
corresponding to the netOD read from the RCF.
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profile calculated from the PV of the RCF +80mm, =90 mm DOKIEM#A Fig.6R7. fii

image. In (a) and (b), the penumbra was e e oL et
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respectively. FRBR T 2 @i 2R L 7e.
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Fig.6 Dots indicate netOD values corresponding to doses. The dashed line indicates the approximate curve.
The dose gradients used to create the calibration curves range from (a) £40 mm (0 to 175.8 cGy), (b) £
60 mm (0 to 211.9 cGy), (c) £80 mm (0 to 252.7 cGy), and (d) £90 mm (0 to 271.7 cGy).

Table 2 Dose conversion results for an arbitrary net OD using approximate functions obtained by the
conventional and wedge methods. The conventional method shows the dose and the wedge method
shows the error between the range of profiles used and the dose by the conventional method. Gray
text indicates results from extrapolation.

Arbitrary netOD

conventional method

wedge method

Arbitrary netOD that can be dose-converted by approximate formulas

0~0.143 0~0.153 0~0.167 0~0.178 0~0.189 0~0.202
Convert dose (cGy) +40 mm +£50 mm +60 mm +70 mm + 80 mm £90 mm

0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
0.01 9.9 8.9% 3.8% -0.8% 0.5% -1.1% -2.6%
0.02 20.1 7.6% 3.4% -0.2% 0.8% -0.6% -1.9%
0.03 30.5 6.4% 3.1% 0.3% 1.0% -0.3% -1.2%
0.04 41.2 5.3% 2.7% 0.6% 1.2% 0.0% -0.7%
0.05 52.2 4.3% 2.4% 0.9% 1.3% 0.2% -0.3%
0.06 63.6 3.4% 2.1% 1.1% 1.3% 0.3% 0.1%
0.07 75.4 2.6% 1.7% 1.2% 1.3% 0.4% 0.3%
0.08 87.6 2.0% 1.4% 1.2% 1.2% 0.4% 0.5%
0.09 100.3 1.4% 1.1% 1.1% 1.1% 0.3% 0.6%
0.1 113.4 0.9% 0.8% 1.0% 0.9% 0.2% 0.6%
0.1 1271 0.5% 0.5% 0.7% 0.7% 0.1% 0.5%
0.12 141.3 0.1% 0.3% 0.4% 0.4% -0.2% 0.3%
0.13 156.0 -0.1% 0.0% 0.1% 0.1% -0.4% 0.1%
0.14 171.4 -0.3% -0.2% -0.3% -0.3% -0.7% -0.1%
0.15 187.4 -0.3% -0.5% -0.8% -0.7% -1.1% -0.5%
0.16 204.0 -0.4% -0.7% -1.3% -1.1% -1.5% -0.9%
0.17 221.3 -0.3% -0.9% -1.9% -1.6% -1.9% -1.3%
0.18 239.4 -0.2% -1.2% -2.5% -2.1% -2.3% -1.8%
0.19 258.2 0.0% -1.4% -3.2% -2.6% -2.8% -2.3%
0.2 277.8 0.2% -1.6% -3.9% -3.1% -3.3% -2.9%
0.21 298.2 0.5% -1.7% -4.6% -3.7% -3.8% -3.5%
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Table 3 The table shows the time required for irradiation of the RCF and the time required for image analysis

of the RCF.

Time required for irradiation of RCF

Time required for RCF image analysis

conventional wedge method

conventional wedge method

method method

Time taken (sec.) Time taken (sec.) Time taken (sec.) Time taken (sec.)

1st Irradiation 3.0 29.0 reading (e.g. by a scanner) 106 243

RCF exchange 85.0 0.0 analysis 208 208

2nd irradiation 5.0 0.0 RCF exchange 6 0

RCF exchange 85.0 0.0 total (per sheet) 320 451

3rd irradiation 7.0 0.0 total (per 12 sheets) 3,840

RCF exchange 85.0 0.0
4th irradiation 10.0 0.0
RCF exchange 85.0 0.0
5th irradiation 12.0 0.0
RCF exchange 85.0 0.0
6th irradiation 14.0 0.0
RCF exchange 85.0 0.0
7th irradiation 17.0 0.0
RCF exchange 85.0 0.0
8th irradiation 20.0 0.0
RCF exchange 85.0 0.0
9th irradiation 23.0 0.0
RCF exchange 85.0 0.0
10th irradiation 25.0 0.0
RCF exchange 85.0 0.0
11th irradiation 30.0 0.0
Collecting 50.0 50.0
total 1,066.0 79.0

(%)

relatiye dose

Relative dose profile in the short side direction

500

500
off-axis distance (mm)

Fig.7 Dose profiles in the short side direction obtained from dose images with the line tool. Doses are

normalized by isocenter (%).
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