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Abstract 
Introduction: The purpose of the study was the calibration of Gafchromic films in clinical interventional radiology 
conditions and the assessment of the influence of dose range, the shape of the fitting curve, and its practical application. 
The aim of the work was to show how practically perform calibration in a wide range of doses. 
Material and methods: Gafchromic XR–RV3 films were included in the study. The calibration was performed for A and 
B film series separately. Doses from the range of 0 – 8 Gy were used. Film dosimeters were read out in reflective mode 
with a commercial flatbed scanner. 
Results: Among various degrees of a polynomial function, the best fit, which fulfilled the chosen criterion of 95% 
agreement between measured and reconstructed doses and simple equation criterion, was observed for third-degree 
polynomial. The fitting curve where the dose is the function of optical density (logMPV) was demonstrated to be more 
precise than the fitting curve based on MPV only. To minimize the difference between dose absorbed by the film and 
dose reconstructed from the fitting curve below 5% it is necessary to divide the calibration range of 0 – 8 Gy into two 
subranges for use in interventional radiology. This difference was set at a maximum level of 3.8% and 1.9% for the low- 
and high-dose range, respectively. Each series of films may have a slightly different calibration curve, especially for the 
low dose range. A deviation of up to 36% between two batches of Gafchromic film was observed. 
Conclusions: For the third-degree polynomial fitting function (one of the recommended in the literature) calibration 
should be done into low and high dose ranges and for each batch separately. A systematic error higher than 20% could be 
introduced when the fitting curve from one film batch is applied to the other film batch. 

Key words: calibration curve; Gafchromic film; XR-RV3; fluoroscopically guided intervention. 

 
Introduction 

The evaluation of radiation doses received by patients in 
cardiological procedures is important for several reasons. 
Interventional procedures using an X-ray unit are high-dose 
procedures that can lead to radiation damage to the patient's skin. 
Moreover, dose metrics, which are routinely recorded during the 
procedure, do not constitute the peak skin dose (PSD) on the 
patient's skin, because they are an indicator of the tube output 
and cannot be readily used for estimating the patient skin dose.1,2 
PSD is responsible for the appearance of the deterministic 
effects of ionizing radiation. One of these indicators is kerma at 
the reference point (Kair,ref), as defined by the IEC 60601-2-43 
standard. This dosimetric parameter is most suitable for 
determining PSD, but it corresponds to PSD only in strictly 
defined conditions. Kair,ref is not equal to the patient dose in most 
clinical cases. 

The verification of doses received by patients undergoing 
interventional radiology procedures is a time-consuming process 
depending on some factors (low dose rate compare to 
radiotherapeutic units to establish a calibration curve, the need 
for passive dosimeter processing, and data analysis).2-4 The basis 
for this is the use of appropriate dosimetry systems and their 
proper calibration. Among the methods used for dose 
measurement in clinical practice, radiochromic films are 
commonly used in radiation therapy for dosimetric verification 
of treatment plans,5-7,8 whereas in interventional radiology, they 
are used to assess the surface dose on the patient's skin(peak skin 
dose).3,9 This kind of film is also used for instance to improve 
CT acquisition image processes10 and to check the distributions 
of the laser-accelerated proton beams.11 Since this dosimetric 
method is a relative one, the proper calibration curve needs to be 
determined prior to its use for dose assessment.2,3,4,10-14 In the 
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literature there is still an insufficient number of detailed 
descriptions of the calibration curve fitting analysis for XR-RV3 
films. Due to the relatively low dose rate of ionizing radiation of 
X-ray units used in interventional radiology compared to 
radiotherapeutic units, this process performed in clinical 
conditions is somewhat time-consuming. Therefore, film 
detectors might be calibrated in laboratory conditions, or 
calibration strips dedicated to a given series of films could be 
used. Laboratory conditions and those in which calibration strips 
have been exposed may differ from clinical conditions in terms 
of the quality of the ionizing radiation beam. Therefore, in order 
to maintain the high precision of the reconstruction of a dose 
received by the patient, calibration of films in clinical conditions 
is recommended.4 
 Dosimetric Gafchromic XR-RV3 type films are easy to use in 
the clinical setting, since they do not interfere with x-ray 
parameters or image quality, do not cause discomfort to the 
patient, are insensitive to visible light, and are tissue equivalent.4 
These films are self-developing and provide 2D dose 
mapping.2,15,16 To obtain dose information, however, it is 
necessary to read them, i.e. to quantify the optical density 
changed as a result of dose deposition, using a scanner and 
determine the calibration curve. The dosimetric properties of 
these films also depend on their homogeneity, the energy of 
ionizing radiation, storage conditions, and sensitivity to UV 
light.4 According to the film manufacturer, in the dose rate range 
from 0.03 Gy / min to 3 Gy / min the dependence of the film 
response from the dose rate is below 3%.4 Therefore it is 
believed that the dose rate variation does not affect the 
calibration process of the films.17 The detailed technical aspects 
of six Gafchromic film types are described by Devic et al.18 
However, this description did not include the XR-RV3 type, 
although this work contains thoroughly discussed 
recommendations during the calibration process, which were 
also taken into account in the presented study. 
 The purpose of the study was to check the influence of dose 
ranges taken into account in this process, the shape of the fitting 
curve, and its practical application on the process of film 
dosimeter calibration). The choice of the appropriate calibration 
curve is also discussed (D = f (MPV) versus D = f (log MPV), 
where D – dose, MPV – mean pixel value or application of a 
calibration curve from a different package of films). The aim of 
the work was not to find a new fitting function than 
recommended in the literature, but to show how to practically 
deal with the calibration in a wide range of doses. 
 

Materials and Methods 

XR-RV3 Gafchromic films 
XR-RV3-type Gafchromic films from Ashland Inc. were used in 
the calibration process. The properties of the films, according to 
the manufacturer's data (personal communication), are the high 
spatial resolution (≤ 25 µm), high contrast, with a recommended 
range of application from 0.2 Gy to 10 Gy and from about 
30 keV to 30 MeV, and dose rate independence. The general 
characteristics of XR - RV3 films used during measurements are 
presented in Table 1.  
 XR-RV3 Gafchromic films, commonly used in interventional 
radiology, are read (scanned) in the reflection mode. These films 
consist of four layers: a yellow/orange polyester layer (97 µm), 
an adhesive layer made of acrylic (20 µm), an active layer 
(17 µm), and a white polyester layer (97 µm).19 The layer 
sensitive (active) to the ionizing radiation is lithium salt of 
pentacosa-10,12-diynoic acid (LiPDCA).19 XR-RV3 
Gafchromic films are tissue-equivalent dosimetric systems, 
because the effective Z of all of these layers is approximately 
7.3.20 As a result of ionizing radiation interaction, free radicals 
are formed, which undergo stabilizing polymerization at least 24 
hours after exposure.19 According to the information obtained 
from the film manufacturer, the polymerization process begins 
within 100 µs from the end of the exposure. Below 100 Gy, 
polymerization progresses as a rapid (within about 30 ms) first-
degree reaction, which transforms within a second into the slow 
phase, in which the changes in optical density are proportional 
to the logarithm of time after exposure. A significant part of the 
polymerization process (about 90%) occurs within the first four 
hours after irradiation, reaching approximately 99% after 48 
hours (personal communication). 
 

Calibration process 
Taking into account the dependence of film optical density after 
irradiation on the quality of the X-ray beam, fluoroscopy mode 
(continuous, pulsed), and the discrepancy between the optical 
density of films irradiated in clinical and laboratory conditions 
(up to 15%),4 the calibration in the presented study was 
performed in clinical conditions, separately for A and B film 
series, since the optical properties of each film batch may vary 
significantly. 
 All films were stored in accordance with the manufacturer's 
instructions, i.e. temperature indicator on the control bar as 
recommended, and no access to sunlight and UV light. During 
exposure to ionizing radiation, the film was placed with a 
sensitive (orange) layer toward the X-ray tube. 
 

 
Table 1. Basic data of XR-RV3 Gafchromic films, based on data from certificates provided with these dosimeters. 

Batch Date of manufacture Expiration date Sensitivity [du] Density before exposure [du] Nonuniformity [%] 

A 24.08.2018r. 24.03.2020 1.19 (≥ 0.95) 0.20 (≤ 0.40) 2.01 (< 7) 

B 02.01.2019r. 02.07.2020 1.17 (≥ 0.95) 0.20 (≤ 0.40) 1.71 (< 7) 

allowable values are given in brackets, du – density units 
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Figure 1. Measuring system - calibration of Gafchromic films. 

 
Each film was marked with a film production serial number. At 
least 48 hours after the irradiation, films were scanned with an 
Optice Pro A320 scanner (reading in a reflective mode, color 
recording, 24 bits, resolution 300 dpi, without compression or 
postprocessing and other image modifications, recorded in BMP 
format). Prior to the film scanning, the scanner was 
automatically heated up. Scanning direction perpendicular to the 
long axis of the film was used for all films. The mean pixel 
values (MPV) were read out using ImageJ software (National 
Institutes of Health, USA, version 1.51k). According to the 
recommendations,21 the signal from the red channel was used for 
the dose reconstruction,2,17 for which maximum sensitivity is 
observed in the low dose region (<1 Gy).4 
 At the time of Gafchromic films irradiation, the dose 
measurements were carried out using a reference dosimeter 
dedicated to fluoroscopy, i.e. an R100B detector cooperating 
with an RTI Barracuda electrometer. This dosimeter was 
calibrated in air kerma conditions (calibration certificate of 
25.05.2019, expanded uncertainty (k = 2) ± 1.7%). The 
measuring system is shown in Figure 1. The detector indications 
have been corrected for the distance from the detector reference 
point (the active area of the reference detector was 0.35 cm 
below the detector surface, therefore the distance from the focus 
of the X-ray source was 30.35 cm, the depth of the active film 
layer is 0.001 cm, therefore it was assumed that the distance 
from the focus of the X-ray source is 30 cm). In order to 
determine the absorbed dose (AD), the measured air kerma was 
multiplied by the coefficient f – the quotient of the mass 
absorption coefficients in the tissue (Gafchromic films) and air 
(reference dosimeter calibrated in air kerma units), f – factor for 
ICRU soft tissue 1.06 22 (according to the reference for digital 
acquisition mode f –factor range from 1.056 (60kV) to 1.066 (95 

kV), and from 1.058 (HVL = 3.0 mm Al) to 1.068 (HVL = 7.0 
mm Al)).23 
The calibration process was as follows: 

· small pieces of film (4 cm × 4.5 cm) selected at random for 
each calibration exposure were prepared from one sheet of the 
selected package, assuming the maximum nonuniformity of 
2% of the film sheet stated by the manufacturer (Table 1), 

· the long axis of the entire film was marked on the white side 
of the film (in order to match the scanning direction), 

· the R100B detector was placed perpendicular to the anode-
cathode axis of the X-ray source (to minimize the heel effect), 
at a distance of 30 cm from the focus of the X-ray source 
(chosen for practical reasons), 

· a piece of film was placed in the reference dosimeter plane 
with the orange side toward the X-ray tube (the reference 
detector and a piece of the film were in the central area of the 
X-ray beam, as seen in Figure 1), as recommended since the 
orange side is more sensitive and smaller error is associated 
with energy dependence of XR-RV3 films,3  

· the treatment table was set at the Interventional Reference 
Point (IRP, 15 cm below the X-ray unit isocenter), SID (source 
to flat panel distance) = 100 cm, 

· the PMMA phantom (20 cm, 30 cm × 30 cm thick) was placed 
in the X-ray beam to generate clinically used exposure 
conditions and also to protect the FPD (flat panel detector) of 
the X-ray unit against ghost effect, 

· the exposure of film pieces to doses from the range of 0 - 8 Gy 
was performed, which gave a minimum of fifteen measuring 
points plus 0 Gy for the full range of measured doses,  

· a film scanning process was carried out using Optice Pro A320 
bump scanner (time > 48 hours), each of the pieces of the film 
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was placed sequentially orange side down in the central area 
of the scanner, ensuring minimization of the impact of scanner 
beam heterogeneity; as recommended in references 4,3; all 
pieces of films were visually assessed for the presence of 
artifacts, possible damage, and only the pieces that passed this 
evaluation were included in the calibration process, 

· film density readout using ImageJ software, in terms of mean 
pixel value (MPV) in the red channel of the image of the 
scanned film, size of ROI 2 cm × 2.5 cm, the mean value of 
MPV ranged from 260 to 80 with the SD from 1.1 to 2.9, i.e. 
standard deviations did not affect the measurement results, 

· calibration curves were plotted (MPV against absorbed dose). 
The Gafchromic film was placed on the housing of the 
collimator assembly, i.e. 30 cm from the focus of the x-ray 
source. This distance was used for practical reasons. The dose 
rate measured with the reference dosemeter placed next to the 
Gafchromic film at this distance was 216.9 mGy / min on 
average. Under these conditions, exposing one piece of film to a 
maximum of about 8 Gy took approximately 37 minutes. 
Placing the film at a distance of, for example, 70 cm from the 
focus of the x-ray source would require an exposure time of 
approximately 3.5 h in order to expose the film to the same dose 
value. Calibration was carried out for two film packages 
separately and in the dose range from 0 to nearly 8 Gy, which 
was 15 exposures for the first film package and 14 for the second 
one. Therefore, taking into account the relatively low dose rate 
of ionizing radiation in the range analyzed in the study, as well 
as the limitation of excessive use of the x-ray apparatus, the 
measurements for the smallest possible distance from the x-ray 
tube focus were carried out. 
 The measurement data in the form of log(MPV) were plotted 
for the function of absorbed dose D = f(logMPV) measured 
during exposure using an R100B detector. Subsequently, the 
fitting functions were established. The analysis of the quality of 
the fitting functions was based on the deviation between the dose 
absorbed by the films during x-ray exposure (indicated by 
R100B detector) and the dose reconstructed from the fitting 
curve. The criterion of at least 95% accuracy was adopted for 
dose values above the dose of 50 mGy. 
 Third-degree polynomial as a fitting function, which was 
investigated in the presented study, for doses in the full range 
from 0 to about 8 Gy does not meet the criterion of a match 
above 95%. Thus, measurements from doses of about 0.4 Gy to 
slightly above 8 Gy were isolated from the full range for the first 
pack of films, and measurements up to 0.6 Gy were carried out 
separately. For the second pack of films, two independent series 
of measurements were carried out (up to about 0.7 Gy and up to 
about 8 Gy). 
 

X-ray unit 
Exposures of calibration films were made using the Artis zee 
floor X-ray unit (Siemens, max. exposure voltage 125 kV, total 
filtration ≥ 2.5 mm Al, additional filtration of 0.1/0.2/0.3/0.6/0.6 
mm Cu depending on the clinical program, pulsed fluoroscopy 
mode). In the calibration process, Coro 2020 protocol was used 
(voltage range: 78 - 78.3 kV, current range: 242.8 - 243.1 mA, 
additional filtration 0.2 mm Cu, air kerma rate on the detector 
surface image: 46 mGy / min, 10 fps, average air kerma rate 
recorded by reference dosimeter 216.9 mGy / min, SD = 2.8 
mGy/min). 
 This unit is subjected to systematic quality control performed 
by a qualified medical physicist. All measured parameters 
comply with national requirements as well as with the 
manufacturer’s recommendations. The film irradiation process 
was performed in clinically used conditions. 
 

Quality control of the flatbed scanner 
Gafchromic film processing was carried out in accordance with 
the literature recommendations using a commercially available 
office flatbed scanner.4,19 The scanner quality was checked by 
determining the heterogeneity and repeatability of the short- and 
long-term reading (as recommended in reference 3). A selected 
sample of calibration films (irradiated with a dose of 
approximately 1 Gy) was used for all these tests. The 
heterogeneity of the scanner was checked by scanning this piece 
of film in five positions: central and four edges, and using the 
relationship: 
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∗ ���% Eq. 1 

where: MPVcenter – the value obtained when the film was 
positioned in the center of the scanner, MPVmax, MPVmin – the 
maximum and minimum values obtained from scanning 
regardless of the position of the film in the scanner, respectively. 
The determined heterogeneity amounted to 0.6%.  
 Short-term and long-term stabilities were also determined. 
The former was determined by scanning a selected sample of the 
film 10 times at intervals of several seconds, without removing 
the film from the scanner. The latter was determined by scanning 
a selected fragment of the film during each stage of scanning 
Gafchromic films used for patients’ dose measurements (five 
months). The scanned area of the film was always placed in the 
central position of the scanner, according to the orientation 
established during the scanning of calibration films (long axis of 
the film perpendicular to the scanning direction). The 
repeatability was determined using the following relationship: 

|������
����
|

������

∗ ���% Eq .2 

where: MPVn – value measured during a single measurement, 
MPVmean – mean value from all measurements for short-term 
and long-term stability separately. Short-term repeatability was 
below 0.8%, while long-term readout was below 1.1%. 
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Results 

We analyzed polynomials from 2nd to 5th degree. Taking into 
account the practical reason (selection of the curve with the 
smallest degree of the polynomial that satisfies the criterion of 
fitting) and 95% match criterion (compliance between the dose 
absorbed by the films and the dose reconstructed from the fitting 
curve) we chose the third-degree polynomials recommended in 
the literature.4 Detailed analysis performed for the selection of 
the best fitting function is below. The chosen criterion of 95% 
accuracy was based on the analysis of total uncertainty 
associated with the process of calibration, i.e. expanded 
uncertainty of radiometer, film sheet nonuniformity, stability of 
scanner operation, and constancy of beam quality. 
 The results of such analysis for the entire dose range studied 
showed that the differences between measurements using the 
reference dosimeter (R100B) during the calibration process 
(actual doses) and doses calculated based on the calibration 
function (reconstructed) are higher for an absorbed dose of the 
order of 50 mGy (~20%). For the dose range starting from about 
450 mGy these differences were below 5%. After dividing the 

full dose range into two subranges, this difference was a 
maximum of 3.8% and 1.9% for the lower dose range and higher 
dose range, respectively. The analysis of the fit quality for the 
batch A in the full dose range using the relation of D = f(MPV) 
showed that the 95% match criterion was only achieved for the 
values of 4181.3 mGy and higher and for 6542.5 mGy and 
higher for air kerma and absorbed dose, respectively. Selected 
fitting curves for MPV and log(MPV) for a full dose range are 
shown in Figure 2. 
 For batch B of films in the full dose range, the 95% match 
criterion was achieved for the values of 754.9 mGy and higher, 
and 800.2 mGy and higher, for air kerma and absorbed dose, 
respectively. Only one point (slightly above 1 Gy) did not meet 
the established criterion (nearly 15% deviation between the dose 
absorbed by the film during x-ray exposure and the dose 
reconstructed from the fitting curve). Due to the identical values 
of deviations of the fit curves for doses within individual ranges 
(with the determined accuracy of polynomial presentation – up 
to three significant decimal numbers), detailed fitting curves 
were presented for the A batch of films (Figure 3). 

 

 

Figure 2. The fitting curve for the Gafchromic signal (MPV versus log (MPV)) for the first pack of films in the dose range from 0 to 
approximately 8 Gy. 

 

Figure 3. The fitting curve for log(MPV) for batch A of films in the lower and higher dose range, the colors of the curve and polynomial 
equation are matched. 
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Figure 4. The fitting curve for AD = log(MPV) for the first and second batch of films in the lower and higher dose range. 

 

Table 2. The fitting curves for dose value with distance correction and differences in tissue and air absorption. 

Batch Absorbed dose range, AD [Gy] 3rd-degree polynomial fit curves, AD = log (MPV) (R2) 

 A 
0 – 0.6 y = 13 413.755x3 - 83 029.471x2 + 165 535.386x - 104 466.879 1.000 

< 0.6 – 8.9 y = -82 209.062x3 + 582 500.166x2 - 1 377 722.255x + 1 087 940.292 1.000 

 B 
0 – 0.8 y = 67 937.551x3 - 459 241.022x2 + 1 029 168.067x - 763 964.225 1.000 

< 0.8 – 8.9 y = -319 528.843x3 + 2 078 076.442x2 - 4 513 729.468x + 3 275 694.748 0.999 

 

 

The results for the batch B and both dose ranges are similar to 
the results for batch A. Maximum fitting deviation for the lower 
dose range was observed at - 4.2% for 94.19 mGy and for the 
higher dose range at 4.08 for 1099.60 mGy (the dose amount in 
both cases given without any correction). Figure 4 shows the 
curves for batch B, as well as for batch A for the purposes of 
comparison. 
 The selected fitting curves and dose ranges to which they 
apply are presented in Table 2. Noteworthy are the high values 
of R2 coefficients of calibration curves determined based on 
log(MPV). For comparison, the R2 for the MPV curve was 
0.996. 
 The differences in dose reconstruction between the batches of 
Gafchromic films are presented in Figure 5. They summarize 
the dose reconstruction based on the signal from each batch of 
films and the dose reconstructed using a polynomial fit to batch 
A of films based on the signal from batch B (marked with an 
asterisk). For the B* batch the deviation between the dose 
absorbed by the film during x-ray exposure and the dose 
reconstructed from the fitting curve ranged from 15% (absorbed 
dose 102.18 ± 1.74 [mGy] vs. reconstructed dose 86.84 ± 1.60 
[mGy]) to 35.9% (28.29 ± 0.48 [mGy] vs. 38.45 ± 0.44 [mGy]). 
In the range of absorbed doses from 144 mGy to 860 mGy this 
difference ranged from 19% to 27% 
 

 

Figure 5. The differences in dose reconstruction between the 
batches of Gafchromic film, * - dose reconstructed by a polynomial 
from the batch A of films based on the signal from batch B. 
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Discussion 

For type XR-RV3 Gafchromic films, there are no explicit 
recommendations regarding the shape of the calibration 
function; therefore, testing various equations of calibration 
curves (fit curves) available in the literature is recommended.4 
Some references recommend the use of third-degree 
polynomials; higher polynomials are not recommended unless 
necessary.4,8 In choosing the appropriate form of the third-
degree polynomial of the fit curve, we analyzed the MPV and 
log(MPV) form curves. Only from doses of the order of 2 Gy 
may a calibration curve (taking MPV instead of log (MPV)) be 
obtained with a satisfactory fit (95% match criterion), but not 
less than 92% for doses of the order of 2 Gy. However, for 
higher doses, where the measured dose values were over 4 Gy 
or regardless of the correction used for doses above 6 Gy, the 
accuracy of fit function was above 95%. A similar result was 
also obtained for the second batch of films. 
 The necessity of calibration for each package of films is 
emphasized by the results presented in Figure 4. This figure 
shows that each series of films may have a slightly different 
curve, especially for the low dose range. The shape of the high-
dose curves is similar. For comparison, the accuracy of matching 
the calibration curve of the third-degree polynomial form with 
log(MPV) to the data measured in the full range (a common 
curve for the whole dose range) was obtained at 95% for doses 
from approximately 0.4 Gy (first pack of films) and 0.7 Gy 
(second set of films). It was concluded that the most accurate 
way of matching is presented by the calibration curve of the form 
of the third-degree polynomial with log(MPV) compared to the 
third-degree polynomial from MPV. The reasons can be seen in 
the fact that log(MPV) equals optical density, which means that 
one physical quantity (optical density) is associated with another 
physical quantity (dose). The average pixel value in the ROI 
cannot be called a physical quantity itself. The course of the log 
function means that a large change in the value of the argument 
of this function translates into a small change in the value of this 
function, which in turn makes log(x) less sensitive to 
fluctuations in the parameter x. Therefore, it is often used where 
one deals with the statistical nature of the value of a given 
parameter, such as the interaction of ionizing radiation (e.g. film 
blackening) or light absorption (in our case, absorption of X-ray 
and scanner light when reading the films). The course of the log 
function somewhat narrows the range of log(x) values when the 
range of x values is large, which may also affect the quality of 
the fit, because it affects the spread (fluctuations) of the values. 
 In our study, we analyzed the influence of dose range, shape 
of the fitting curve and its practical application on the process of 
determining the appropriate calibration curve of Gafchromic 
XR-RV3 film. The proposed method of improving the accuracy 
of the fit was division of calibration points into two subranges 
of doses, taking into account the common property of 
radiochromic films of nonlinearity of optical density gaining as 
a consequence of exposure to low and high doses of ionizing 

radiation. In our study, one fitting curve for doses in the full 
range from 0 to about 8 Gy does not meet our criterion (above 
95% compliance between the dose absorbed by the films and the 
dose reconstructed from the fitting curve). 
 All measurement series contain a 0 Gy point (MPV reading of 
the non-exposed film of the given film packet). Dose ranges 
were called lower (nine calibration points) and higher dose 
ranges (seven calibration points), respectively. The increased 
number of measuring points in the range up to 1 Gy in relation 
to the entire range of doses of calibration films is also 
recommended in the literature, which suggests a significant 
impact of the number of measuring points for doses up to 1 Gy 
on the results obtained.4 Extrapolation of the calibration curve is 
not recommended for doses outside the calibration points,4 
therefore, from a practical point of view the endpoint has been 
set at a value close to 8 Gy. 
 We also showed that for doses up to 100 mGy in the low dose 
range and for doses up to 1000 mGy in the high dose range, the 
curves for the value read from the dosemeter, air kerma and the 
absorbed dose are the same, i.e. curves in these ranges overlap 
as shown in Figure 3. 
 The differences in dose reconstruction between the batches of 
Gafchromic film were also studied. We compared the dose 
reconstructed by a polynomial from the first batch of films based 
on the signal from the second batch with those received in 
accordance with the recommendations (dose reconstructed by a 
polynomial from the given batch of films based on the signal 
from the same batch). The deviation was observed at the level 
up to 36% compared to about 7% (assumed to be adequate for 
normal tissue complication risk).24 
 According to literature information, the accuracy of dose 
measurement using Gafchromic XR-RV3 films is estimated at 
20% (k=1)1,3,4,14 and 13.2% (k=1).25 This accuracy depends 
primarily on fit curves, beam quality (2.0%),4,25 film uniformity, 
quality of the scanner (stability and uniformity) and dose 
measurement.1,4 In our study the film's nonuniformity within one 
batch was up to 2%. We also showed that short-term 
repeatability of the scanner was below 0.8%, long-term readout 
stability was up to 1.1% and determined heterogeneity amounted 
to 0.6%. The expanded uncertainty for dose measurement with 
R100B dosimeter was ± 1.7% (k=2). Taking into account the 
recommendations from the literature regarding the fitting 
function, we chose a third-order polynomial. This kind of 
function ensured the quality of the fit, while the results showed 
that the exponential fits could not correctly reproduce the XR-
RV3 response.4 In the whole dose range we used fifteen 
measurement points plus the 0 Gy point to reliably reproduce the 
doses measured against those calculated on the basis of the 
calibration curve while the literature recommends eight (evenly 
spaced) calibration points to achieve an optimal, satisfactory 
calibration curve.4 
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Conclusions 

The advantage of the calibration curve in the form of log(MPV) 
is the functionality in the low dose range, where dose 
reconstruction accuracy could be maintained at a high 95% 
level. To evaluate the robustness of the calibration fitting the 
95% criterion of a match between the dose absorbed by the 
Gafchromic films during x-ray exposure and the dose 
reconstructed from the fitting curve was used. For better low 
dose evaluation and for 95% compliance between the dose 
absorbed by the films and the dose reconstructed from the fitting 
curve splitting the dose range for two ranges and increased 
number of measuring points in the range up to 1 Gy in relation 
to the entire dose range was done. 
 Using 3rd order polynomial as a calibration fitting function, 
the level of 95% accuracy could be achieved by splitting the dose 
range seen in interventional radiology (up to 8Gy) into low- and 
high-dose subranges. 
Other polynomials than 3rd order are not practical to use during 
calibration of XR-RV3 Gafchromic films due to lower R2 
values, which results in less accurate dose reconstruction. 

Gafchromic films from different batches may not be as similar 
as one could expect, due to material inhomogeneity. Therefore, 
using the calibration curve obtained on the base of one film 
packet to the dose reconstruction from another film batch, one 
may introduce the systematic error of even 20% as it was 
demonstrated. 
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