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Abstract

A simple and reproducible method for increasing desktop scanner uniformity for the analysis of
radiochromic films is presented. Scanner uniformity, especially in the non-scan direction (i.e. in
portrait mode) for transmission scanning is well known to be problematic for radiochromic film
analysis and normally corrections need to be applied. These corrections are dependant on scanner
coordinates and dose level applied which complicates dosimetry procedures. This work has
highlighted that using reflectance scanning in combination with a matt, white backing material
instead of the conventional gloss scanner finish, significantly increases the scanner uniformity can
be achieved within 90% of the scanning area. Uniformity within + 1% over the scanning area for
our epsonV700 scanner tested was found. This is compared to within + 3% for reflection scanning
with the gloss backing material and within + 4% for transmission scanning in the portrait direction.
The Matt backing material used was simply 5 layers of standard quality white printing paper
(reflex 80gm/cm”2). It was found that 5 layers was the optimal result for backing material
however most of the improvements were seen with a minimum of 3 layers. Above 5 layers, no
extra benefit was seen. The results showed that the uniformity could be increased with this
scanning procedure and that results for 2 dimensional dosimetry could be achieved to within + 1%
(for scanner uniformity) using this technique. This may eliminate the need to perform scanner
corrections for position on the desktop scanners when using transmission mode for radiochromic

film dosimetry.
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Introduction

Radiochromic film has provided the medical physics community with a new, two dimensional
dosimeter which can be used for many applications for dosimetry in radiotherapy, and medical
imaging. One of its main advantageous characteristics is its low energy dependence to x-rays for
EBT and EBT2 Gafchromic film (Butson et al 2006, Cheung et al 2006). Clinical applications for
radiochromic film include kilovoltage x-ray applications (Gotanda et al 2007, 2008, 2009, Butson
et al 2007, Currie 2007) and high energy x-ray applications (He et al 2008, Butson et al 1998,
1999). The films have undergone various changes over the years which have seen many variations
on films types such as ISP’s Gafchromic MD-55 , HS and EBT (Klassen et al 997, Meigooni et al
1996, Butson et al 2002, 2003, 2005, Cheung et al 2002) for radiotherapy applications and XR-R
XR-T and XRQA (Delle Canne et al 2006, Chu et al 2007, Butson et al 2005, 2009, Cheung et al
2005) for diagnostic procedures to name a few. Other companies also have radiochromic film
products which are more suited for high radiation dose applications such as B3 Windose (GEX
Corporation, Centennial, Colorado, USA), Radiachromic film [2,3] (FWT technologies, Goleta
CA, USA) or Radiation Imaging Film / SIRAD’s [4,5] (JPLabs, Middlesex, NJ, USA)
radiachromic Butson et al 2004,2005,2006, Cheung et al 2007, Miller 2003). The most commonly
used films would be the original Gafchromic EBT film and now the new EBT2 radiochromic film.
As these films are initially clear and turn a blue colour upon irradiation, they are suited for analysis
on a common computer desktop scanner (Bouchard et al 2009, Ferreira et al 2009) as well as other
more specific densitometry and spectroscopy equipment. It is well known though that desktop
scanners have an intrinsic scanner non uniformity when scanning is performed in transmission
mode especially in the portrait (or non-scanning ) direction(Paelinck et al 2006, Menegotti et al
2008, Saur et al 2008). Menegotti et al 2008 measured a variation in normalised pixel value of up
to 19% whereas Saur et al 2008 found differences of the order of 800 pixel value units. Whilst the

variations seen appear to be scanner specific, all scanners exhibit some effect which if not



corrected for, can affect dosimetric accuracy for 2 dimensional dose assessment for procedures like
IMRT dose verification. Due to the nature of the EBT film, both reflectance and transmission
scanning can be performed. Kalef-erza et al (2008) compared these two scanning techniques and
assessed reflection mode to be superior for accuracy especially at lower doses. However , both
transmission scanning and reflectance scanning still produce a non-uniformity in scanner response
which appears to be due to the scattering nature of light within the scanner itself especially at the
scanning edges. This work has investigated the effects on scanner uniformity response for an
Epson V700 desktop scanner and devised a simple method using Matt white backing paper to
improve the scanner uniformity in reflection mode analysis compared to traditional transmission

mode analysis.

Materials and Methods

Gafchromic EBT, radiochromic film (Lot no. 47277-06]) has been utilized for the measurement of
scanner uniformity response in two dimensional radiation dosimetry. The films were exposed to
solar ultraviolet radiation to produce a uniform coloration over the entire sheet of the film. This
was opposed to a large x-ray field where a variation in delivered dose may exist due to flattening
filter design. Films were exposed to solar Ultraviolet to produce a “x-ray radiation dose
equivalent” darkness of approximately 2Gy (6 MV X-rays) and 5 Gy (6 MV X-rays). These values
for reflected optical density were 0.42 OD and 0.69 OD respectively. During analysis no
corrections were made for intra film non uniformity however, the films were scanned in the same
position each time so that any variations would be at a constant position. Previous work by Saur et

al 2008 has shown that film uniformity has been found to be within 2% for EBT film.



All films were analysed using a PC desktop scanner and Image J software on a PC workstation at
least 24 hours after irradiation to minimize effects from post irradiation colouration (Cheung et al
2005). The films were kept in a light proof container when not being analysed to reduce coloration
from ambient light and UV sources (Butson et al 1998). The scanner used for quantitative analysis
of uniformity was an Epson Perfection V700 photo, dual lens system desktop scanner using a
scanning resolution of 50 pixels per inch. The images produced were 48 bit RGB colour images
and analysis was performed using the red component of the data. The films were examined in both
transmission and reflectance modes. When scanning in reflectance mode, scans were performed in
various configurations. These included the use of the normal gloss white scanning background as
well as the use of various layers of pure white 80 gm/cm”2 matt paper (Reflex). These sheets are
the common paper used for printing. The white sheets were placed behind the EBT film during the
scan process in layers ranging from 1 up to 10 layers. In reflectance mode, Reflective optical
density (ROD’s) for all films were calculated to evaluate uniformity response in landscape and

portrait directions. ROD is defined as equation 1 : -

ROD = log (65536/P,) 1

Where Py is the pixel value of the reflected intensity through the EBT film. All scanner properties
were kept the same for transmission scanning except that the light source used was the scanners
transmission light source and the gloss white backing was removed. The films when scanned were
always positioned in the same manner to eliminate differences in results caused by film
polarisation effects (Butson et al 2006, 2009). For analysis of the data, the outer 1cm edge of the
scanned film results were removed from the data. We have performed this as it is not an area we
would normally include in the scan results due to cutting damage or marked due to handling.
Results given are the average for 5 scans of each film piece performed in series using a 2cm

average profile through either the landscape or portrait direction of the film. Results are quoted as



normalised OD. The average OD value over the scan length was given the value of 1 and the other

results normalised to this value.

Results and Discussion

Figure 1 a shows the normalized optical density results for an EBT radiochromic film which has
not been irradiated. The scan was performed in landscape mode along the scan direction of the
film / scanner. The outer 1cm of film OD has been removed from the results as mentioned in the
material and methods due to any uncertainties in analysis due to film cutting or handling marks as
is our normal process in film dosimetry. As can be seen for a OcGy film, in landscape mode, there
is minimal scanner non uniformity for transmission mode and reflection mode with 5 layers of
matt white sheet backing (approximately within + 1%) for the entire length. In reflection mode
without the white backing, there is a larger (up to 5%) increase in OD near the beginning of the
film scan. Figure 1b shows similar results for landscape mode for the film scanning scenarios with
an exposed film (approximately 2 Gy equivalent). These results also show low level variations
along the scan plan with the transmission and matt backing reflection methods producing less than
+ 1% variation and normal reflection mode with an approximate 1.5% variation at the beginning of
the scan and less than 1% elsewhere. These results are similar to other researchers (Menegotti et al
2008, Saur et al 2008) whereby a relatively uniform response is seen in landscape mode or along

the scan plan direction.

Figure 2 however shows the profile results for a scan performed in the portrait direction or across
the scan plane for a non irradiated EBT Gafchromic film when analysis is performed in reflection
and transmission mode. If transmission mode is used, a significant variation across the profile is
seen with a variation of up to 7% seen on this film. The largest OD values (or darkest scan results)

were seen at the edges. A similar but not as large effect is seen for reflection mode with the normal



gloss white backing material whereby an approximate 4% variation is seen. The variation follows
a similar pattern as transmission mode with the outer edges being measured as darker than the
centre. When the film is scanned with a Matt white backing material, the variation is significantly
reduced as shown by the figure where 5 layers of white backing material are used. The variation
has been reduced to less than 2 % across the film piece. Figure 3 shows the same profile
measurement in portrait mode when the scans were performed with varying layers of white paper
behind the EBT film. Results shown are for 0 sheets (normal) 1, 3 and 5 sheets backing. Up to 10
sheets in multiples of 1 were tested. As can be seen, there is a significant improvement in
uniformity by using 1 sheet of backings paper over the normal gloss background. Further
improvements are seen for 3 sheets. It was found that 5 sheets provided the most uniform response
across the film profile and that by adding more sheets of white backing paper, no further increase
in uniformity was achieved. For this experiment, the standard deviation of results across the
portrait profile for the normal gloss background, 1 sheet, 3 sheets and 5 sheets were found to be
0.0113, 0.0047, 0.0041 and 0.0040 respectively. This shows that 3 to 5 sheets of matt white
backing paper placed behind the EBT film and scanning in reflection mode increases the

uniformity of scanner response. Similar effects were seen for irradiated films.

Figure 4a shows the results for a film irradiated with solar UV to reach a darkness of
approximately equivalent to 2 Gy X-rays at 6MV energy. Figure 4b for a darkness equivalent of
5Gy. Results show that the scanner uniformity for the matt backing reflection mode scan is far
superior to the normal reflection scan and to transmission scan mode as well. In each case, the
uniformity across the film in portrait mode was found to be within + 1% as compared to variations
of up to 7% for transmission mode. The improvement in uniformity is expected to be achieved by
the minimization of both reflections within the scanner and other sources of scattered light which
can["form a significant part of the signal for transmission mode and for reflectance mode scanning

with the high gloss white backing normally provided with the scanner. By utilizing a matt white



backing, we reduce the reflected or scatter light to a level which obviously provides a much more
uniform response in both the landscape and portrait scanning direction. To perform high accuracy
film dosimetry using radiochromic film and desktop scanners in transmission mode, normally a
scanner uniformity correction needs to be applied to the results as shown by Menegotti et al 2008,
These are shown to be both dose and position dependant. The use of the matt backing material has
appeared to minimize the scanner non uniformity to a level which could be acceptable for
dosimetry purposed thus eliminating the need to perform such corrections. As reflection mode
scanning is normally much quicker to perform, the use of reflection mode and the matt backing
material would certainly increase the speed of analysis whilst retaining a high level of accuracy for
film dosimetry. Results have of course only been performed on our Epson V700 scanner and
others would need to assess their own desktop scanner for this level of uniformity before adopting

this procedure into clinical practice.

Conclusion

The work has shown that by using a matt white backing material for reflection scanning of
radiochromic film, the non uniformity of scanner results in the portrait direction can be minimized
to a level within + 1% using an Epson V700 desktop scanner. This provides an improvement on
normal reflection scanning with the gloss white background and transmission scanning where up
to 7% variations were seen over the same scan area. Matt backing, reflection scanning may be used
to eliminate the need for scanner non uniformity corrections which need to be applied for

transmission mode scanning when high accuracy dosimetry is required.
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Captions to Figures

Figure 1. Varation in normalised OD in landscape (along scan direction) axis for non irradiated
(a) and an exposed (2Gy equivalent darkening) (b) EBT Gafchromic film pieces in transmission,

normal reflection and Matt Backing reflection mode.

Figure 2 : Variation in normalised OD in portrait mode (across scan direction) for non irradiated
EBT Gafchromic film pieces in transmission, normal reflection and Matt Backing reflection mode.

Significant differences in uniformity of results are seen.

Figure 3: Effects of the layers of Matt backing material on the uniformity of reflection mode

scanning in portrait mode.

Figure 4 : Variation in normalised OD in portrait mode (across scan direction) for EBT films
irradiated to 2 Gy (a) and 5 Gy (b) (equivalent darkening) in transmission, normal reflection and

Matt Backing reflection mode. Significant differences in uniformity of results are seen.



1.04 @ Reflection (Normali)
'L o Reflection (Matt Backing)
1.03 ‘ - Transmission
1.02
\ . ~
1.01 PN

Normalised net OD

0.99

T
. / — —~ \
0.98

0.97
0 2 3 4 85 7 8 9 10
Position (Inches)
Figure la

1.02

1.015 # Reflection (normal)

’ a Reflection (Matt Backing)

- Transmission
a 101
e
a
O 1.005
[
c
©
& 1
£
#
: - "
z 0995 -
\ J S
0.99
0.985

Posltion (Inches)

Figure 1b



Normalised net OD

0.99
0.98
0.97

0.96

Figure 2

1.02
1.015
101

1.005

0.995

Normallsed net OD

0.99
0.985

0.98

Figure3

# Reflection (Normal)
o Reflection (Matt Backing)

4
Position (Inches)

* Reflection (normal)

a Reflection (1 Sheet Backing)
- Reflection (3 Sheets Backing)
* Reflection (5 Sheets Backing)

v

Vv

N/

4
Position (Inches)



1.04

1.03

1.02

1.01

Normalised net OD

0.99

0.97

0.96

Figure 4a

1.03

Normalised net OD
2

o
©
©

0.98

0.97

Figure 4b

¢ Reflection (Normal)
o Reflection (Matt Backing)
- Transmission

3 4
Position (Inches}

» Reflection (Matt Backing)
* Reflaction (Normal)

ATransmission

3 4
Position (Inches)



4.3 Radiation Dosimetry of x-ray,

electron and ultraviolet beams

(Volume 4)

55



Articles includes in Vol 4 removed for copyright reasons, please refer to the
following citations:

Kron T., Butson M., Wong T., Metcalfe P. (1993) Readout of TLD dosimetry chips using a contact
panchet heater. Aust. Phys. Eng. Sci. Med. 16(3): 137-142.

Carolan M., Butson M., Herrmann K., Mathur 1., Metcalfe P. (1997) Conversion of an infrared
densitometer for radiochromic film analysis. Austr. Phys. Eng. Sci. Med. 20(3): 183-185.

Butson M., Yu P., Metcalfe P. (1998) Incident contamination lepton doses measured using
radiochromic film in radiotherapy. Radiat. Meas. 29(6): 605-609.

Kron T, Duggan L, Smith I, Rosenfeld A, Butson M, Kaplan G, Howlett S, Hyodo J. (1998) Dose
response of various radiation detectors to synchrotron radiation. Phys Med Biol. 43: 3235-3259.

Butson M., Cheung T.,Yu P., Metcalfe P. (2000) Evaluation of a radiotherapy electron contamination
deflecting system. Radial. Meas. 32: 101-104.

Butson M., Cheung T.,Yu P., Carolan M., Metcalfe P. (2000) Simulation and measurement of air
generated electron contamination in radiotherapy. Radial. Meas. 32: 105-111.

Butson M., Cheung T.,Yu P., Carolan M., Metcalfe P. (2000) Effects on skin dose from unwanted air
gaps under bolus in photon beam radiotherapy. Radial. Meas. 32:201-204.

Butson M, Cheung T, Yu P, Abbatti D, Greenoak G. (2000) Ultraviolet radiation dosimetry with
radiochromic film. Phys Med Biol. 45:1863-1868.

Butson M., Cheung T, Yu P, Stokes M. (2000) Blood irradiation with accelerator produced electron
beams Phys Med Bioi. 45: N139-N142.

Butson M, Cheung T, Yu P. (2001) Skin dose delivered in megavoltage external beam therapeutic
radiology, International research promotion council (IRPC) transactions. Jan 2( 1).



Butson M, Cheung T, Yu P. (2002) Calculation of electron contamination doses produced by blocking
trays in 6MV x-ray radiotherapy. Radiation Measurements .35(2): 99-102.

Butson M, Cheung, Yu. (2002) Lepton contamination and photon scatter produced by open field
18MV x-ray beams in the build up region. Radiation Measurements, 35(2): 103-107.

Cheung T, Butson M, Yu P. (2001) Visible dye light absorption properties of processed radiographic
film Phys Med Bioi. 45: N197-201.

Tsang Cheung, Butson M, Peter K.N. Yu. (2003) Variations in skin dose using 6MV or 18MV x-ray
beams. Australas Phys Eng Sci Med. 26(2):78-80.

Tsang Cheung, Butson M, Peter K.N.Yu. (2003) MOSFET dosimetry in-vivo at superficial and
orthovoltage x-ray energies Australas Phys Eng Sci Med. 26(2):82-84.

Butson M, Tsang Cheung, Peter K.N.Yu. (2003) Polarity Effect on Surface Dose Measurement for an
Attix parallel plate ionisation chamber. Australas Phys Eng Sci Med. 26(2):85-87.

Butson M, Tsang Cheung, Peter K NYu. (2003) Variations in 6MV x-ray radiotherapy build-up dose
with treatment distance. Australas Phys Eng Sci Med. 26(2):87-89.

Cheung, T., Yu, KN., Butson M., "Source and detector polarization effects on radiographic film
dosimetry", 2003, Physics in Medicine and Biology, 48, N329-N334.

Tangboonduangjit P, Wu |, Butson M, Rosenfeld A, Metcalfe P. (2003) Intensity modulated radiation
therapy: film verification of planar dose maps. Australas Phys Eng Sci Med. 26(4): 194-199.

Cheung, T., Butson M., Yu, K.N., "Effects of temperature variation on MOSFET dosimetry", 2004,
Physics in Medicine and Biology, 49, N191-NI96.

Butson M., Cheung, T., Yu, K.N., "Surface dose extrapolation measurements with radiographic film",
2004, Physics in Medicine and Biology, 49, N197-N201.



Butson M., Cheung, T., Yu, K.N., "Peripheral dose measurement with a MOSFET detector", 2005,
Applied Radiation and Isotopes, 62, 631-634.

Cheung, T., Yu, K.N., Butson M., "Low dose measurement with a MOSFET in high energy
radiotherapy applications", 2005, Radiation Measurements, 39, 91-94.

Damrongkijudom N, Oborn B, Butson M, Rosenfeld A. (2006) Measurement and production of
electron deflection using a sweeping magnetic device in radiotherapy. Australas Phys Eng Sci Med.
29(3):260-266.

Damrongkijudom N, Butson M, Rosenfeld A. (2007) Extrapolated surface dose measurements using a
NdFeB magnetic deflector for 6 MV x-ray beams. Australas Phys Eng Sci Med. 30(1):46-51.

Kwan, I.S., Rosenfeld, A.B., Qi, Z.Y., Wilkinson, D., Lerch, M.L.F., Cutajar, D.L., Safavi-Naeni, M.,

Butson, M., Bucci, IA., Chin, Y., Perevertaylo, V.L. Skin dosimetry with new MOSFET detectors
adiation Measurements Volume 43, Issue 2-6, February 2008, Pages 929-932.

Cheung, T., Butson, MJ,, Yu, P.K.N., "Energy dependence corrections to MOSFET dosimetric
sensitivity", 2009, Australasian Physical and Engineering Sciences in Medicine, 32(1): 16-20.

Obom BM, Metcalfe PE, Butson MJ, Rosenfeld AB. (2009) High resolution entry and exit Monte Carlo
dose calculations from a linear accelerator 6 MV beam under the influence of transverse magnetic
fields .Med Phys. 36(8):3549-3559.



	0012_001
	0012_050



