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Abstract
Background: The Gafchromic EBT-3 film is widely used in 
radiation oncology to measure dose distribution and 
absolute doses for various energies. EBT-3 films are exposed 
to radiation over a wide energy range and doses to provide 
a complete picture of energy and dose dependency. 
Additionally, we also examined the evolution of optical 
density as a function of time after irradiation.

Materials and methods: The study used 60Co gamma 
(1.17-1.33) MeV and megavoltage X-rays (6,10 and 15 MV) 
to measure the film’s response to energy. The Gafchromic 
EBT-3 film’s response to each of the above energies was 
meas ured over the dose range of (0.1-10 Gy). The optical 
densities of irradiated films were read 24,48 and 72 h after 
irradiation to evaluate the fluctuation of optical density 
with post-exposure scanning time. The study used an Epson 
Expression12000 XL flatbed scanner and Image-J software 
to assess the optical densities. Each film strip was placed on 
the scanner bed with care in the same orientation at the 
same location.

Results: When compared to 60Co, the optical density of the 
EBT-3 film was noticeably different for the three energies 6, 
10 and 15 MV. For 15 MV higher differences are seen at 
lower doses and gradually decrease with the increase of 
doses, with 18.2% at 10 cG y and 6.5% at 1000 cGy. For the 
dose above 100 cGy, no statistical difference was observed 
between 6 and 15 MV beams. We observed no significant 
changes of optical density due to various post-irradiation 
times. But compared to higher doses very minor changes 
are noticed in lower doses, which is not statistically 
significant.

Conclusion: According to the findings of our study indicate 
that Gafchromic EBT-3 film is a reliable dosimeter with 
insignificant energy-independent responses across a wide 
range of beam energies and modalities used in radiation 
oncology.

Keywords: Gafchromic films; Dose-response curve; Energy 
dependence; Post-exposure scanning time

Introduction
Gafchromic EBT film has been used for assessing dose 

distributions and absolute doses over a wide range of x-ray and 
electron beam energies routinely used in diagnostic imaging and 
radiation oncology since its inception in 2004 [1-4]. This film has 
an effective atomic number of Zeff=7.26, which is near water 
(Zeff=7.42). Its constituents are C (51.1%), O (32.8%), H (8.8%), Al 
(6.7%) and Li (0.6%) [5]. It also has the properties of low energy 
dependence [6], and high spatial resolution [7]. These 
characteristics made EBT film superior to other conventional 
two-dimensional radiation detectors. Every system has its 
limitations, so to establish the best gafchromic film dosimetry 
system, a suitable protocol should be developed for each film 
type/scanner combination [8]. Previous studies have reported on 
the temperature dependence of the Gafchromic EBT-3 films 
[9,10] .Therefore we stored the film below 22˚C, before and after 
the calibration. The EBT-3 film, which has the same active layer 
composition as the EBT-2 film was released in late 2011 [11]. It is 
made up of an active layer (28 μm thick) sandwiched between 
two layers of polyester substrate (125 μm thick). The structure of 
the film is shown in Figure 1.
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The presence of components like the diacetylene monomer, a 
marker dye, and a stabilizing agent in the active layer makes the 
film perfectly suitable for radiation dose measurement. After 
being exposed to ionizing radiation or thermal annealing the 
active component undergoes a 1,4-polymerization process, 
which changes optical density depending on the specific 
compositions of the active layer [12,13]. As more dose is 
absorbed by the active layer, the diacetylene molecules in the

Figure1: Structure of Gafchromic EBT-3 film.
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chain polymerization extend over time as a result of the film 
growing darker [14]. The small silica particles are applied to the 
polyester substrate’s surface to reduce the Newton’s Rings 
artifacts. Comparing the EBT-3 film to the EBT and EBT-2 films, 
the EBT-3 has a better structure and performance [15-17].

Film measurements may be affected by artifacts and material 
in homogeneities. Slight variation in active layer thickness may 
lead variation to the film signal and hence to the measured dose. 
The well-established triple channel analysis method reduced 
these artifacts in EBT film. Micke et al. and Mayer et al., 
employed different ways to this multichannel method resulting 
in equal dose distribution [18,19].

Many research groups have investigated the energy 
dependence of the EBT-3 film response caused by different 
radiation beam quality. The response of the EBT-3 films to three 
X-ray beams with energies ranging from 50 kV to 15 MV has
been studied by Massillon et al. The high energy photon beams
(e.g., 6 and15 MV) frequently used in radiotherapy was found to
have a weakly dependent relationship with the film response
[20]. However, for low energy (e.g., 50 kV) X-rays variations of
more than 11% were observed because of energy dependence.
An earlier generation of EBT-3 films and monochromatic beams
were used by Brown et al., to investigate the energy
dependence. Over the range of 25 keV to 4 MV they found a
weak energy dependence [21]. Hammer et al., have examined
the dosimetric intrinsic energy response of Gafchromic film on
15 beam qualities within the (500-7002 mGy) range and
suggested energy correction factors [22]. There have been many
studies that have evaluated the doses response curves of EBT-3
type film [23,24].

The aim of this work is to investigate the EBT-3 Gafchromic 
film response with triple channel analysis method over a wide 
energy range (1.25 to 15 Mev) and doses (10-1000cGy) in order 
to provide a complete picture of energy and dose dependency. 
The practical advantage of choosing a range of energy 
independence for Gafchromic films is that they can be calibrated 
in a simple geometry and used for dose measurements without 
the need of energy correction factors. By delivering a range of 
known doses and calculating the associated Optical Density (OD) 
for each dose based on measurements of the initial and 
transmitted light intensity through the film. It is possible to 
determine the dose response of a film for a specific radiation 
source. From the relationship, relative dose measurements can 
be carried out within the measured dose range.

The polymerization process in Gafchromic film continues for 
considerable time after irradiation. The consequence of the 
continued polymerization is that OD grows over time. In our 
studies, the films are left for preferably 24 h before scanning as 
suggested by many authors. In order to check the variation of 
optical density with post irradiation time, scans were performed 
after 24,48 and 72 h.

Materials and Methods
Film pieces were cut in the size of 5 X 5 cm2, which are taken 

from the same film pack. A total 65 films pieces were used in 
these studies. Two film holders of sizes 29.5 X 21.5 cm2 are used

to keep the films for scanning. The picture of film holders is 
shown in Figure 2. One holder can hold total 15 numbers of film 
fragments for scanning, which saves the time and make scanning 
more efficient and comfortable. During scanning one holder was 
loaded with exposed film while another is being scanned in the 
scanner.
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A single sheet with a tiny notation marking the original 
orientation on each piece. To provide the OD's backdrop, one 
fragment of the film was left unirradiated. The film fragments 
received escalating doses of radiation. The holder along with all 
15 numbers of irradiated films are digitized with the scanner and 
saved in TIFF format to ensure the maximum possible 
reproduction quality of the original image.

At least 24 h following irradiation, all exposed films were 
digitalized using an Epson Expression 12000 XL scanner at a 
spatial resolution of 300 dpi. Utilizing film Image-J software, the 
pictures were analyzed after splitting the single image sheet into 
triple channel images (red, green, and blue). A square ROI 
(Region of Interest) of 2 cm × 2 cm was used to quantify the 
optical density and the standard deviation, and optical density 
was quantified by using the film Image-J software (version-
v1.54e.).

According to the EBT-3 user specification guide, the dynamical 
dose range of the Gafchromic films ranges from 10 cGy to 2000 
cGy. However prior research has shown that the films can 
accurately estimate doses up to about 40Gy using a multi-
channel method. This method does however depend on the 
precision of calibration and is therefore covered by the 
investigation in this work [23].

EBT-3 films were exposed to doses ranging from 10 cGy to 
1000 cGy utilizing beam energies of 1.25 MeV gamma ray, 6 MV, 
10 MV, and 15 MV x-rays to test for energy and dose 
dependency. The energy and dose range we selected mostly 
used in external radiotherapy procedures. The results for energy 
dependency that were given in the quotes were an average of 
the results at various dosage levels. Using a varian true beam 
linear accelerator and panacea teletherapy unit, irradiations 
were carried out on a solid water phantom of 30 cm3 [25]. Each 
film peace was placed at a depth of dose maximum for all 
energies in the phantom, which consisted 30 cm × 30 cm slabs of 
different thickness. According to the IAEA (International Atomic 
Energy Agency) TRS-398 procedure for megavoltage x-rays, the 
absorbed dose calibrations were carried out using a Farmer 
thimble-type ionization chamber. The dosages were measured in

Figure 2: Film holder with loaded films.
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water, and no correction were made for the effect of solid water 
or EBT-3 film material on dose absorption.

In order to define the minimal usable dose limit for this film 
dosimetry system, uncertainty analysis in the dose determination 
was also carried out.

The films were scanned and processed for the determination 
of net OD using the Devic et al., method [26] . The amount 
of film darkening was measured using the net Optical Density 
(net OD), which was computed from the pixel values. The net OD 
was defined as the difference between the optical densities 
of the exposed (ODexp) and unexposed (ODunexp) film.

   According to this definition, PVunexp, PVexp and PV bckg  are the 
measured pixel values of black opaque cardboard, 
unexposed film, and exposed film respectively. To minimize 
uncertainties associated with post irradiation coloration both 
the calibration film and experimental film should be scanned 
after approximately the same time interval following irradiation. 
To check the energy dependence of the film the quantity Rx, 
which defines the energy dependence metric of interest is 
quantified. It is defined as the ratio of net Optical Density (net 
OD) at a beam of energy x to the need for the same dose at 6 
MV, i.e.,

The systematic error introduced by the Inverse Square Law 
(ISL) factor used to compute the output of the film location with 
chamber position is the second source of uncertainty. This 
uncertainty can be ignored in this study as it is <0.01%. Using a 
PTW chamber, the ISL was measured with a 0.6% positional 
uncertainty. The final two sources of uncertainties are the ion 
recombination factor (0.1%) and the pressure and temperature 
correction factor (0.3%). The film was irradiated immediately 
following the calibration of the device and the output 
reproducibility was checked to be <0.1%. The uncertainty in the 
OD was derived by irradiating the film five times at 100 cGy, 6 
MV, and calculating the standard deviation of average. The 
uncertainty from the film noise is 1.3%. The total dose 
uncertainty uDw is calculated by using the error propagation 
theory.

  Where, NDW-calibration factor, uNDW-the related calibration 
uncertainty, kISL-Inverse Square Law (ISL) factor, ukISL-related 
uncertainty for ISL, kTP-temperature and pressure calibration 

factor, ukTP-related uncertainty of kTP, kS-ion recombination 
correction factor, ukS-related uncertainty of kS, ODFilm-Optical 
Density of the film and uODFilm-related uncertainty of OD of the 
film.

Results and Discussion
The dose-response calibration curves consisting of various 

energies (Co-60, 6 MV, 10 MV, and 15 MV) and multiple dose 
points were generated as shown in Figure 3 for 3 (three) colour 
channels (red, green, and blue). These curves show the film 
response (net optical density, net OD) as a function of the 
dosage applied to the film. It was found that the response curves 
of the radio chromic films scanned in the red and green channels 
are above the response curve of the films scanned in the blue 
channel. These results are consistent with those obtained for the 
EBT radio chromic film [27,28].

The estimation of the calibration constant (a, b and c) is 
performed for each colour channel with a non-linear polynomial 
fit by using origin-2023 version software. The resulting 
calibration dependence was approximated by the following 
function after polynomial fit.

    Figure 3: Dose response curve of all energies with triple 
colour analysis.

where y=Dose in cGy, x=Net Optical Density, a, b and c are the 
fit free parameter.

The fitting parameter coefficient of determination i.e., R2 of 
all energies with three colours are shown in Table 1. From the 
analysis it was found that the blue colour channel responds 
better and accurate results for dosimetric evaluation although it 
has the lowest response compare to the other two channels. 
The findings are consistent with other studies [29,30]. The 
resulting calibration was approximated by linear fit regression 
curve of 6 MV blue colour channel and the results with fitting 
parameters are shown in Figure 4 and the equation and 
intercept of dose response curve has been given in Table 2. The 
calibration curve of this blue channel has the flattest path, 
which would indicate less contrast in the dose distribution when 
using this colour channel to evaluate the dose measurements.
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Parameter Value R2 Value R2

Co-60 (Red) 6 MV (Red)

Intercept (a) 0.080 ± 0.01 0.95 0.046 ± 0.02 0.97

b 0.001 ± 1.11 × 10-4 0.001 ± 8.97 × 10-5

c -7.46 × 10-7 ± 1.16 × 10-7 -7.24 × 10-7 ± 9.36 × 10-8

Co-60 (Green) 6MV (Green)

Intercept (a) 0.051 ± 0.01 0.984 0.029 ± 0.01 0.987

b 0.001 ± 7.76 × 10-5 0.001 ± 6.76 × 10-5

c -7.95 × 10-7 ± 8.09 × 10-8 -7.76 × 10-7 ± 7.04 × 10-8

Co-60 (Blue) 6 MV (Blue)

Intercept (a) 0.033 ± 0.006 0.98 -0.002 ± 0.004 0.98

b 3.17 × 10-4 ± 3.77 × 10-5 3.05 × 10-4 ± 2.68 × 10-5

c -1.48 × 10-7 ± 3.93 × 10-8 -1.22 × 10-7 ± 2.80 × 10-8

10 MV (Red) 15 MV (Red)

Intercept (a) 0.064 ± 0.01 0.954 0.062 ± 0.01 0.96

b 0.001 ± 1.02 × 10-4 0.001 ± 1.04 × 10-4

c -7.01 × 10-7 ± 1.06 × 10-7 -7.35 × 10-7 ± 1.08 × 
10-7

10 MV (Green) 15 MV (Green)

Intercept (a) 0.038 ± 0.01 0.99 0.033 ± 0.010 0.99

b 0.001 ± 6.86 × 10-5 0.001 ± 6.19×10-5

c -8.19 × 10-7 ± 7.15 × 10-8 -8.11 × 10-7 ± 6.45 × 10-8

10 MV (Blue) 15 MV (Blue)

Intercept (a) 0.003 ± 0.002 0.992 0.004 ± 0.002 0.994

b 3.43×10-4 ± 1.71 × 10-5 2.87 × 10-4 ± 1.42 × 10-5

c -1.50 × 10-7 ± 9.36 × 10-8 -9.35 × 10-8 ± 1.48 × 10-8
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Equation y=a+b*x

Intercept 0.0081 ± 0.00384

Slope 2.08922E-4 ± 8.478

Pearson's r 0.98946

Adj. R-Squ 0.97742

The relative response ‘R’ is calculated by using “Equation (2)” 
to determine the fluctuation for a given absorbed dose value, D 
by dividing the net OD/dose obtained at any energy beam by the 
measurement for the 6 MV photon. To confirm the energy 
dependence, it was found from Figure 5 that there is no 
variation in the optical density of EBT-3 film for the two energies 
10 MV and 15 MV, as compared to 6 MV energy. With 8.2% at 10 
cGy and 1.01% at 1000 cGy Co-60 exhibits higher difference at 
lower doses and gradually decreases as doses are increased.

When compared with Co-60, the optical density of the EBT-3 
films is noticeably different for the three energies 6,10 and 15 
MV. For 15 MV higher differences are seen at lower doses and 
gradually decrease with the increase of doses, with 18.2% at 10 

It was observed that no significant changes of optical density 
due to various post-irradiation times of 24,48 and 72 h. But 
compared to higher doses very minor changes are noticed in 
lower doses, which is not statistically significant. To check the 
statistical difference one-way ANOVA parametric analysis was 
performed. Following this result, the post-exposure stabilization 
of our protocol for EBT-3 film.

Conclusion
The findings of our study indicate that Gafchromic EBT-3film is 

a reliable and suitable dosimeter for two-dimensional dosimetric 
application with insignificant energy-independent responses 
across a wide range of beam energies and modalities used in 
Radiation Oncology. It is recommended to use the 6 MV calibration 
graph as standard to calculate the unknown dose for other 
energies i.e.,10 and 15 MV used in radiotherapy. The study 
emphasizes the need for triple channel analysis to eliminate the 
artifacts caused by film inhomogeneity. No significant variations 
of optical densities are noticed due to changes in post-irradiation 
time of 24, 48 and 72 h.
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