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Abstract

Introduction: The purpose of the study was the calibration ofc@aimic films in clinical interventional radiology
conditions and the assessment of the influencesé dange, the shape of the fitting curve, andrastical application.
The aim of the work was to show how practicallyfpen calibration in a wide range of doses.

Material and methodssafchromic XR—RV3 films were included in the studie calibration was performed for A and
B film series separately. Doses from the range 680Gy were used. Film dosimeters were read otgflactive mode
with a commercial flatbed scanner.

Results:Among various degrees of a polynomial function, Hest fit, which fulfilled the chosen criterion 86%
agreement between measured and reconstructed dodesimple equation criterion, was observed fordtdiegree
polynomial. The fitting curve where the dose is thection of optical density (logMPV) was demonstdito be more
precise than the fitting curve based on MPV onlg.rlinimize the difference between dose absorbeth&éyilm and
dose reconstructed from the fitting curve below 5% necessary to divide the calibration rang® ef 8 Gy into two
subranges for use in interventional radiology. Tifference was set at a maximum level of 3.8% k8o for the low-
and high-dose range, respectively. Each serienog fnay have a slightly different calibration canespecially for the
low dose range. A deviation of up to 36% between Ibatches of Gafchromic film was observed.

Conclusions:For the third-degree polynomial fitting functionng@ of the recommended in the literature) calibratio
should be done into low and high dose ranges anebith batch separately. A systematic error hititear 20% could be
introduced when the fitting curve from one film dais applied to the other film batch.

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

Introduction The verification of doses received by patients wgdieg
interventional radiology procedures is a time-consig process
depending on some factors (low dose rate compare to
radiotherapeutic units to establish a calibratiarve, the need
for passive dosimeter processing, and data anpf/Sihe basis

for this is the use of appropriate dosimetry systemnd their
proper calibration. Among the methods used for dose
measurement in clinical practice, radiochromic $lnare
commonly used in radiation therapy for dosimetecification

of treatment plang!-8whereas in interventional radiology, they
are used to assess the surface dose on the paglkdn{peak skin
dose)*® This kind of film is also used for instance to imge

CT acquisition image process$gand to check the distributions
of the laser-accelerated proton bedmSince this dosimetric
method is a relative one, the proper calibratiavemeeds to be
determined prior to its use for dose assessiEi®14In the

The evaluation of radiation doses received by ptian
cardiological procedures is important for severahsons.
Interventional procedures using an X-ray unit aightdose
procedures that can lead to radiation damage todtient's skin.
Moreover, dose metrics, which are routinely recdrdering the
procedure, do not constitute the peak skin dos®)RfB the
patient's skin, because they are an indicator eftibe output
and cannot be readily used for estimating the pasiein dosé:?
PSD is responsible for the appearance of the detestin
effects of ionizing radiation. One of these indiratis kerma at
the reference point @), as defined by the IEC 60601-2-43
standard. This dosimetric parameter is most sutalor
determining PSD, but it corresponds to PSD onlystirictly
defined conditions. k reris not equal to the patient dose in most
clinical cases.

© 2021 Joanna Kidg Kinga Polaczek-Grelik, Krzysztof Gotba, Wojciedtojakowski, Andrzej Ochata. This is an open aceessle licensed under the Creative
Commons Attribution-NonCommercial-NoDerivs Licer{bép://creativecommons.org/licenses/by-nc-nd/4.0/)
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literature there is still an insufficient number detailed
descriptions of the calibration curve fitting arg$/for XR-RV3
films. Due to the relatively low dose rate of ianig radiation of
X-ray units used in interventional radiology comgzhrto
radiotherapeutic units, this process performed iimical
conditions is somewhat time-consuming. Thereforim f
detectors might be calibrated in laboratory coodsi or
calibration strips dedicated to a given seriesiloid could be
used. Laboratory conditions and those in whictbcation strips
have been exposed may differ from clinical condgién terms
of the quality of the ionizing radiation beam. Téfere, in order
to maintain the high precision of the reconstructad a dose
received by the patient, calibration of films imatal conditions
is recommendet.

Dosimetric Gafchromic XR-RV3 type films are easyse in
the clinical setting, since they do not interfer@&hwx-ray
parameters or image quality, do not cause discanéothe
patient, are insensitive to visible light, and tissue equivalertt.
These films are self-developing and provide 2D dose
mapping®!>1® To obtain dose information, however, it is
necessary to read them, i.e. to quantify the obpfiemsity
changed as a result of dose deposition, using anecaand
determine the calibration curve. The dosimetricpprties of
these films also depend on their homogeneity, thergy of
ionizing radiation, storage conditions, and sewigjtito UV
light.* According to the film manufacturer, in the dose range
from 0.03 Gy / min to 3 Gy / min the dependencehef film
response from the dose rate is below 3%herefore it is
believed that the dose rate variation does notctaftee
calibration process of the filnt$ The detailed technical aspects
of six Gafchromic film types are described by Deeicall®
However, this description did not include the XR-RWpe,
although this work contains thoroughly discussed
recommendations during the calibration processchlwhiere
also taken into account in the presented study.

The purpose of the study was to check the inflaerfcdose
ranges taken into account in this process, theesbbthe fitting
curve, and its practical application on the processfilm
dosimeter calibration). The choice of the apprdpraalibration
curve is also discussed (D = f (MPV) versus D {§(MPV),
where D — dose, MPV — mean pixel value or applicatf a
calibration curve from a different package of fiymshe aim of
the work was not to find a new fitting function tha
recommended in the literature, but to show howrtxcfically
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. warsed in
the calibration process. The properties of thedjlaccording to
the manufacturer's data (personal communicatior)itee high
spatial resolution<{ 25 um), high contrast, with a recommended
range of application from 0.2 Gy to 10 Gy and fratnout
30 keV to 30 MeV, and dose rate independence. Emergl
characteristics of XR - RV3 films used during measwents are
presented i able 1.

XR-RV3 Gafchromic films, commonly used in intertienal
radiology, are read (scanned) in the reflection enddhese films
consist of four layers: a yellow/orange polyeséser (97 um),
an adhesive layer made of acrylic (20 um), an actayer
(17 um), and a white polyester layer (97 #)lhe layer
sensitive (active) to the ionizing radiation ishiitm salt of
pentacosa-10,12-diynoic  acid (LIPDCR). XR-RV3
Gafchromic films are tissue-equivalent dosimetricstems,
because the effective Z of all of these layerspigraximately
7.32° As a result of ionizing radiation interaction, dreadicals
are formed, which undergo stabilizing polymerizatii least 24
hours after exposufé.According to the information obtained
from the film manufacturer, the polymerization pges begins
within 100us from the end of the exposure. Below 100 Gy,
polymerization progresses as a rapid (within al3@utns) first-
degree reaction, which transforms within a secomal the slow
phase, in which the changes in optical densitypaoportional
to the logarithm of time after exposure. A sigrafit part of the
polymerization process (about 90%) occurs withmfitst four
hours after irradiation, reaching approximately 98$ter 48
hours (personal communication).

Calibration process

Taking into account the dependence of film optiEisity after
irradiation on the quality of the X-ray beam, flascopy mode
(continuous, pulsed), and the discrepancy betwkeroptical
density of films irradiated in clinical and labasag conditions
(up to 15%), the calibration in the presented study was
performed in clinical conditions, separately foraAd B film
series, since the optical properties of each fitch may vary
significantly.

All films were stored in accordance with the mautfirer's
instructions, i.e. temperature indicator on thetadnbar as
recommended, and no access to sunlight and UV. lidnting
exposure to ionizing radiation, the film was placeidh 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@.95) 0.20€£ 0.40) 2.01(<7)
B 02.01.2019r. 02.07.2020 1.1 @.95) 0.20£ 0.40) 171(<7)

allowable values are given in brackets, du — dgnsitits
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position of the R100B detector
in the primary X-ray beam

position of a piece of
Gafchromic film in the
primary X-ray beam

a piece of the Gafchromic film

detector R100B

Figure 1. Measuring system - calibration of Gafchromic films.

Each film was marked with a film production senaimber. At
least 48 hours after the irradiation, films werarsted with an
Optice Pro A320 scanner (reading in a reflectivedeyacolor
recording, 24 bits, resolution 300 dpi, without qoession or
postprocessing and other image modifications, cembm BMP
format). Prior to the film scanning, the scanner swa
automatically heated up. Scanning direction perjoetal to the
long axis of the film was used for all films. Theeam pixel
values (MPV) were read out using ImageJ softwaratidal
Institutes of Health, USA, version 1.51k). Accomglito the
recommendation®,the signal from the red channel was used for
the dose reconstructidr! for which maximum sensitivity is
observed in the low dose region (<1 Gy).

At the time of Gafchromic films irradiation, theosk
measurements were carried out using a referencieneies
dedicated to fluoroscopy, i.e. an R100B detectapeoating
with an RTI Barracuda electrometer. This dosimeters
calibrated in air kerma conditions (calibration tifeate of
25.05.2019, expanded uncertainty (k=2)+1.7%)heT
measuring system is shownHigur e 1. The detector indications
have been corrected for the distance from the ttetezference
point (the active area of the reference detectos @85 cm
below the detector surface, therefore the disténoee the focus
of the X-ray source was 30.35 cm, the depth ofattteve film
layer is 0.001 cm, therefore it was assumed thatdistance
from the focus of the X-ray source is 30 cm). Irdesr to
determine the absorbed dose (AD), the measurdaaira was
multiplied by the coefficient f—the quotient ohet mass
absorption coefficients in the tissue (Gafchronilim$) and air
(reference dosimeter calibrated in air kerma unfits)factor for
ICRU soft tissue 1.0& (according to the reference for digital
acquisition mode f —factor range from 1.056 (60&)/1.066 (95
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kV), and from 1.058 (HVL = 3.0 mm Al) to 1.068 (H\&.7.0
mm Al)). %
The calibration process was as follows:

- small pieces of film (4 cm x 4.5 cm) selected atd@m for

each calibration exposure were prepared from oeetsif the
selected package, assuming the maximum nonunifprofit
2% of the film sheet stated by the manufactufeb(e 1),

- the long axis of the entire film was marked on Wiéte side

of the film (in order to match the scanning diren

- the R100B detector was placed perpendicular toatiwe-

cathode axis of the X-ray source (to minimize thelleffect),
at a distance of 30 cm from the focus of the X-sayirce
(chosen for practical reasons),

- a piece of film was placed in the reference dostmptane

with the orange side toward the X-ray tube (theenezice
detector and a piece of the film were in the cémirea of the
X-ray beam, as seen kigure 1), as recommended since the
orange side is more sensitive and smaller erras$ociated
with energy dependence of XR-RV3 filfis,

- the treatment table was set at the Interventiorefbfence

Point (IRP, 15 cm below the X-ray unit isocent&Ip (source
to flat panel distance) = 100 cm,

- the PMMA phantom (20 cm, 30 cm x 30 cm thick) wised

in the X-ray beam to generate clinically used expes
conditions and also to protect the FPD (flat paletéctor) of
the X-ray unit against ghost effect,

- the exposure of film pieces to doses from the rarige- 8 Gy

was performed, which gave a minimum of fifteen nueing
points plus 0 Gy for the full range of measurededos

- afilm scanning process was carried out using @Rio A320

bump scanner (time > 48 hours), each of the piett® film
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was placed sequentially orange side down in thér@learea
of the scanner, ensuring minimization of the impdctcanner
beam heterogeneity; as recommended in referehtesll
pieces of films were visually assessed for the qares of
artifacts, possible damage, and only the piecasgt®sed this
evaluation were included in the calibration process

- film density readout using ImageJ software, in feoiimean
pixel value (MPV) in the red channel of the imadetite
scanned film, size of ROl 2 cm x 2.5 cm, the mealue of
MPV ranged from 260 to 80 with the SD from 1.1 t6,2.e.
standard deviations did not affect the measuremesoits,

- calibration curves were plotted (MPV against abedrbose).

The Gafchromic film was placed on the housing oé th
collimator assembly, i.e. 30 cm from the focus loé x-ray
source. This distance was used for practical reasbime dose
rate measured with the reference dosemeter plaeetdtam the
Gafchromic film at this distance was 216.9 mGy #hnan
average. Under these conditions, exposing one pifilen to a
maximum of about 8 Gy took approximately 37 minutes
Placing the film at a distance of, for example,ci® from the
focus of the x-ray source would require an expogime of
approximately 3.5 h in order to expose the filnthie same dose
value. Calibration was carried out for two film gages
separately and in the dose range from 0 to nea®y,8which
was 15 exposures for the first film package antbtthe second
one. Therefore, taking into account the relatively dose rate
of ionizing radiation in the range analyzed in #hedy, as well
as the limitation of excessive use of the x-rayaapfus, the
measurements for the smallest possible distance fhe x-ray
tube focus were carried out.

The measurement data in the form of log(MPV) wadatted
for the function of absorbed dose D = f(logMPV) m@ed
during exposure using an R100B detector. Subselyyuehe
fitting functions were established. The analysithef quality of
the fitting functions was based on the deviatiomieen the dose
absorbed by the films during x-ray exposure (ingidaby
R100B detector) and the dose reconstructed fromfittieg
curve. The criterion of at least 95% accuracy wadspsed for
dose values above the dose of 50 mGy.

Third-degree polynomial as a fitting function, wtiwas
investigated in the presented study, for dose$énfdll range
from O to about 8 Gy does not meet the criterioraohatch
above 95%. Thus, measurements from doses of abb@y0to
slightly above 8 Gy were isolated from the full garfor the first
pack of films, and measurements up to 0.6 Gy wargexd out
separately. For the second pack of films, two irdelent series
of measurements were carried out (up to about §.@r@ up to
about 8 Gy).
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X-ray unit

Exposures of calibration films were made using Angs zee
floor X-ray unit (Siemens, max. exposure voltags k¥, total

filtration > 2.5 mm Al, additional filtration of 0.1/0.2/0.36J0.6

mm Cu depending on the clinical program, pulsedrfiscopy
mode). In the calibration process, Coro 2020 paltaas used
(voltage range: 78 - 78.3 kV, current range: 242283.1 mA,

additional filtration 0.2 mm Cu, air kerma rate ire detector
surface image: 46 mGy / min, 10 fps, average aimkerate
recorded by reference dosimeter 216.9 mGy / min=318

mGy/min).

This unit is subjected to systematic quality cohprerformed
by a qualified medical physicist. All measured mpagters
comply with national requirements as well as withe t
manufacturer’'s recommendations. The film irradiatprocess
was performed in clinically used conditions.

Quiality control of the flatbed scanner

Gafchromic film processing was carried out in ademice with
the literature recommendations using a commercalfilable
office flatbed scanner!® The scanner quality was checked by
determining the heterogeneity and repeatabilithefshort- and
long-term reading (as recommended in referépca selected
sample of calibration films (irradiated with a dosa
approximately 1 Gy) was used for all these testbe T
heterogeneity of the scanner was checked by sogitimimpiece
of film in five positions: central and four edgesd using the
relationship:

IMPVinax—MPVin|

* 100%
MPVCenter

Eq. 1

where: MP\iener — the value obtained when the film was
positioned in the center of the scanner, MBYMPVmin — the
maximum and minimum values obtained from scanning
regardless of the position of the film in the saammnespectively.
The determined heterogeneity amounted to 0.6%.

Short-term and long-term stabilities were alsoedatned.
The former was determined by scanning a selectaglsaof the
film 10 times at intervals of several seconds, aithremoving
the film from the scanner. The latter was deterchioygscanning
a selected fragment of the film during each stafgscanning
Gafchromic films used for patients’ dose measurdaméiive
months). The scanned area of the film was alwagsed in the
central position of the scanner, according to thientation
established during the scanning of calibrationdiltiong axis of
the film perpendicular to the scanning directionjhe
repeatability was determined using the followinkatienship:

IMPVinean—MPVy|

MPVmean * 100%

Eq .2

where: MPV, — value measured during a single measurement,
MPVmean— mean value from all measurements for short-term
and long-term stability separately. Short-term eg¢pkility 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.ifigainto
account the practical reason (selection of the ewnith the
smallest degree of the polynomial that satisfiesdfiterion of
fitting) and 95% match criterion (compliance betwelee dose
absorbed by the films and the dose reconstructed fine fitting
curve) we chose the third-degree polynomials recendad in
the literature’. Detailed analysis performed for the selection of
the best fitting function is below. The choseneastdn of 95%
accuracy was based on the analysis of total unogrta
associated with the process of calibration, i.epagxied
uncertainty of radiometer, film sheet nonuniformigability of
scanner operation, and constancy of beam quality.

The results of such analysis for the entire dasge studied
showed that the differences between measuremeimg trse
reference dosimeter (R100B) during the calibratmncess
(actual doses) and doses calculated based on fiveatian
function (reconstructed) are higher for an absorese of the
order of 50 mGy (~20%). For the dose range staftimm about
450 mGy these differences were below 5%. Afterding the

batch A

=-0.005x% +2 830 -559.052x +37 073.550

vE
R*= 6

Kair [mGy]

155 175 195 215 235 255 275

MPY

full dose range into two subranges, this differeneas a
maximum of 3.8% and 1.9% for the lower dose ramgkhagher
dose range, respectively. The analysis of theuility for the
batch A in the full dose range using the relatibD o= f(MPV)
showed that the 95% match criterion was only aaddor the
values of 4181.3 mGy and higher and for 6542.5 na&d
higher for air kerma and absorbed dose, respegtiGslected
fitting curves for MPV and log(MPV) for a full dosange are
shown inFigure 2.

For batch B of films in the full dose range, tH&2® match
criterion was achieved for the values of 754.9 na@g higher,
and 800.2 mGy and higher, for air kerma and absbduese,
respectively. Only one point (slightly above 1 @d not meet
the established criterion (nearly 15% deviatiomieen the dose
absorbed by the film during x-ray exposure and tlse
reconstructed from the fitting curve). Due to tHeritical values
of deviations of the fit curves for doses withinlividual ranges
(with the determined accuracy of polynomial preagah — up
to three significant decimal numbers), detailetiniif curves
were presented for the A batch of filnlSdure 3).

batch A

y=-80671.390¢ + 567 14B.526x% - 1 332 031.525x + 1 045 283.150
R*=1.000

Kair [mGy]

1.85

log(MPV)

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.
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Figure 3. The fitting curve for log(MPV) for batch A of filmsin the lower

equation are matched.
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and higher dose range, the colors of the curve and polynomial
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Figure 4. Thefitting curvefor AD =log(MPV) for thefirst and second batch of filmsin the lower and higher dose range.

Table 2. Thefitting curvesfor dose value with distance correction and differencesin tissue and air absorption.

Batch Absorbed dose range, AD [Gy] 3rd-degree polynomial fit curves, AD = log (MPV) (R?)
A 0-0.6 y = 13 413.758x 83 029.471%+ 165 535.386x - 104 466.879 1.000
<0.6-8.9 y = -82 209.062% 582 500.166%- 1 377 722.255x + 1 087 940.292 1.000
5 0-0.38 y =67 937.55%x 459 241.022%+ 1 029 168.067x - 763 964.225 1.000
<0.8-8.9 y =-319 528.843% 2 078 076.442% 4 513 729.468x + 3 275 694.748 0.999

The results for the batch B and both dose rangesianilar to

the results for batch A. Maximum fitting deviatitor the lower
dose range was observed at - 4.2% for 94.19 mGyfanithe

higher dose range at 4.08 for 1099.60 mGy (the dosaunt in
both cases given without any correctioRjgure 4 shows the
curves for batch B, as well as for batch A for fheposes of
comparison.

The selected fitting curves and dose ranges talwttiey
apply are presented Table 2. Noteworthy are the high values
of R? coefficients of calibration curves determined hbbse
log(MPV). For comparison, the?Ror the MPV curve was
0.996.

The differences in dose reconstruction betweeib#tehes of
Gafchromic films are presented Figure5. They summarize
the dose reconstruction based on the signal frarh batch of
films and the dose reconstructed using a polynofitiad batch
A of films based on the signal from batch B (marketh an
asterisk). For the B* batch the deviation betweba tose
absorbed by the film during x-ray exposure and tlose
reconstructed from the fitting curve ranged frorfl@bsorbed
dose 102.18 + 1.74 [mGy] vs. reconstructed dos8486.1.60
[mGy]) to 35.9% (28.29 + 0.48 [MGy] vs. 38.45 + D 4nGy]).
In the range of absorbed doses from 144 mGy tor86§ this
difference ranged from 19% to 27%
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Figure5. The differences in dose reconstruction between the
batches of Gafchromicfilm, * - dosereconstructed by a polynomial
from the batch A of filmsbased on the signal from batch B.
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Discussion

For type XR-RV3 Gafchromic films, there are no éoipl
recommendations regarding the shape of the cédbbrat
function; therefore, testing various equations afibration
curves (fit curves) available in the literaturerégsommended.
Some references recommend the use of third-degree
polynomials; higher polynomials are not recommendelgss
necessary® In choosing the appropriate form of the third-
degree polynomial of the fit curve, we analyzed kv and
log(MPV) form curves. Only from doses of the ordér2 Gy
may a calibration curve (taking MPV instead of [d4PV)) be
obtained with a satisfactory fit (95% match cribex), but not
less than 92% for doses of the order of 2 Gy. Hawefor
higher doses, where the measured dose values werel &y
or regardless of the correction used for doses alo@y, the
accuracy of fit function was above 95%. A similasult was
also obtained for the second batch of films.

The necessity of calibration for each package ilofisf is
emphasized by the results presentedriigure 4. This figure
shows that each series of films may have a sligtitierent
curve, especially for the low dose range. The sludjplee high-
dose curves is similar. For comparison, the acguzamatching
the calibration curve of the third-degree polyndnfidem with
log(MPV) to the data measured in the full rangecganmon
curve for the whole dose range) was obtained at #f%oses
from approximately 0.4 Gy (first pack of fiims) ad7 Gy
(second set of films). It was concluded that thestvaxcurate
way of matching is presented by the calibratiovewf the form
of the third-degree polynomial with log(MPV) compdrto the
third-degree polynomial from MPV. The reasons carséen in
the fact that log(MPV) equals optical density, whineans that
one physical quantity (optical density) is assaalatith another
physical quantity (dose). The average pixel valughie ROI
cannot be called a physical quantity itself. Tharse of the log
function means that a large change in the valubefrgument
of this function translates into a small changthemvalue of this
function, which in turn makes log(x) less sensitive
fluctuations in the parameter x. Therefore, itfiel used where
one deals with the statistical nature of the vadfiea given
parameter, such as the interaction of ionizingatiat (e.g. film
blackening) or light absorption (in our case, apton of X-ray
and scanner light when reading the films). The sewf the log
function somewhat narrows the range of log(x) velwben the
range of x values is large, which may also affaetquality of
the fit, because it affects the spread (fluctuajaf the values.

In our study, we analyzed the influence of doseyea shape
of the fitting curve and its practical application the process of
determining the appropriate calibration curve offdBeomic
XR-RV3 film. The proposed method of improving thecaracy
of the fit was division of calibration points intawo subranges
of doses, taking into account the common properfy o
radiochromic films of nonlinearity of optical detyspaining as
a consequence of exposure to low and high doséniing
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radiation. In our study, one fitting curve for dese the full
range from 0 to about 8 Gy does not meet our @itefabove
95% compliance between the dose absorbed by the fihd the
dose reconstructed from the fitting curve).

All measurement series contain a 0 Gy point (MB&ting of
the non-exposed film of the given film packet). Basnges
were called lower (nine calibration points) and Hag dose
ranges (seven calibration points), respectivelye Ticreased
number of measuring points in the range up to IirGlation
to the entire range of doses of calibration filnss dlso
recommended in the literature, which suggests aifgignt
impact of the number of measuring points for dageso 1 Gy
on the results obtainedExtrapolation of the calibration curve is
not recommended for doses outside the calibratiomts’
therefore, from a practical point of view the enidpdas been
set at a value close to 8 Gy.

We also showed that for doses up to 100 mGy inoilvedose
range and for doses up to 1000 mGy in the high dmsge, the
curves for the value read from the dosemeter,aimk and the
absorbed dose are the same, i.e. curves in thegesaverlap
as shown irFigure 3.

The differences in dose reconstruction betweerb#tehes of
Gafchromic film were also studied. We compared tlose
reconstructed by a polynomial from the first bat€films based
on the signal from the second batch with thoseivedein
accordance with the recommendations (dose recanstt by a
polynomial from the given batch of films based be signal
from the same batch). The deviation was observedeatevel
up to 36% compared to about 7% (assumed to be ateépr
normal tissue complication riskj.

According to literature information, the accuracl dose
measurement using Gafchromic XR-RV3 films is estedaat
20% (k=1}*41and 13.2% (k=13° This accuracy depends
primarily on fit curves, beam quality (2.0%% film uniformity,
quality of the scanner (stability and uniformityhda dose
measuremeni? 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%, l@rgatreadout
stability was up to 1.1% and determined heteroggaenounted
to 0.6%. The expanded uncertainty for dose measmewmith
R100B dosimeter was + 1.7% (k=2). Taking into actaie
recommendations from the literature regarding thtend
function, we chose a third-order polynomial. Thimdk of
function ensured the quality of the fit, while ttesults showed
that the exponential fits could not correctly rehroe the XR-
RV3 responsé. In the whole dose range we used fifteen
measurement points plus the 0 Gy point to relia&yoduce the
doses measured against those calculated on the tashe
calibration curve while the literature recommenidgghe(evenly
spaced) calibration points to achieve an optimafis&actory
calibration curvé.



Kidon et al: Calibration of Gafchromic XR-RV3 film

Pol J Med Phys Eng 2021;27(2):165-173

Conclusions

The advantage of the calibration curve in the fofrfrog(MPV)
is the functionality in the low dose range, whereseal
reconstruction accuracy could be maintained atgh 985%
level. To evaluate the robustness of the calibmafitiing the
95% criterion of a match between the dose absolyethe

Gafchromic films during x-ray exposure and the dose

reconstructed from the fitting curve was used. Better low
dose evaluation and for 95% compliance betweendibse
absorbed by the films and the dose reconstructend fine fitting
curve splitting the dose range for two ranges amteiased
number of measuring points in the range up to IirQylation
to the entire dose range was done.

Using 3rd order polynomial as a calibration figtifunction,
the level of 95% accuracy could be achieved bytaglithe dose
range seen in interventional radiology (up to 8@t9 low- and
high-dose subranges.

Other polynomials than 3rd order are not practicalse during
calibration of XR-RV3 Gafchromic films due to lowd®2
values, which results in less accurate dose recangin.
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