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Evaluation of the Radiochromic Film Dosimetry for a Small
Curved Interface
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A tumor on the eyelid is often treated using a high—energy electron beam, with a metallic eye shield inserted
between the eyelid and the eyeball to preserve the patient’s sight. Pretreatment quality assurance of the inner
eyelid dose on the metallic shield requires a very small dosimetry tool. For enhanced accuracy, a flexible device
fitting the curved interface between the eyelid and the shield is also required. The radiochromic film is the best
candidate for this device. To measure the doses along the curved interface and small area, a 3-mm-wide strip
of EBT2 fim was inserted between the phantom eyelid and the shield. After irradiation with 6 MgV electron beams,
the film was evaluated for the dose profile. An acrylic eye shield of the same size as the real eye shield was
machined, and CT images free from metal artifacts were obtained. Monte Carlo simulation was performed on
the CT images, taking into account eye shield material, such as tungsten, aluminum, and steel. The fim—based
interface dose distribution agreed with the MC calculation within 2.1%. In the small (millimeter scale) and curved
region, radiochromic film dosimetry promises a satisfactory result with easy handling.
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INTRODUCTION

For an eyelid MALT lymphoma, 25~30 Gy electron radia-
tion treatment is usually prescribed, in which a metallic eye
shield is routinely used to protect the critical optesthesia-re-
lated organs, including the lens."® The metallic shield is in-
serted between the eyelid and the globe, and the inner eyelid
dose usually merits interest. In clinics, pretreatment quality as-
surance (QA) for the prescribed radiation dose is a necessity.
However, dosimetry devices like MOSFET and TLD are too
large for dose measurement at the interface between the eyelid
and the shield. Therefore, while the skin dose on the eyelid is
usually checked, the inner eyelid dose remains uncertain.

Film dosimetry is valuable in medical applications, enabling
two-dimensional dose evaluation with a single exposure at a

better resolution.” Also, the film can be cut into a smaller size
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for application in a small area where other dosimetry tools
cannot be employed due to their size. Its nearly negligible
thickness is another advantage. The film has characteristics
that other devices do not possess, which make it best suited
for dose evaluation of a small curved interface. This short pa-
per presents the usefulness of film measurements for an inter-
face dose in a small curved region. Monte Carlo calculation

was performed to confirm the film results.

MATERIALS AND METHODS

A curved tungsten shield with a 19.1-mm outer radius and
2-mm thickness (Radiation Products Design, Inc., MN, USA)
was used for this experiment (Fig. 1a). The shield consisted of
a stainless steel knob, a tungsten (W) body, and a 0.5-mm-
thick aluminum hemispherical shell around the body. The
shield was placed on solid water and covered with a
3-mm-thick thermoplastic sheet to simulate an eyelid (Fig. 1b).
For radiation exposure, a 3-mm-wide strip of EBT2 film
(International Specialty Products, Wayne, NJ, USA) was in-
serted between the shield and the eyelid simulator. The

source-to-steel knob distance (SSD) was set at 100 c¢cm, and
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Fig. 1. (a) A metallic eye shield
consisting of a tungsten (W) body,
an aluminum (Al) cap, and a
stainless steel knob. The Al cap is
intended to reduce backscattered
radiation. In a clinic, this shield is
inserted between the eyelid and
the eyeball. (b) The irradiation

SSD 100 cm

Film strip

;

W shield body

the field size was defined as 10x10 cm’ using an electron ap-
plicator for the eyelid phantom irradiation. A 6-MeV electron
beam at 200 monitor units (MU) was delivered using a Varian
21EX linear accelerator. The optical density map for the film
was created up to 2.5 Gy using 3x3 cm’ films, in which the
dose calibrations were based on a Farmer-type ionization
chamber. The film was attached to the transparent film and
scanned with a VXR-16 film digitizer (VIDAR Systems
Corporation, Herndon, VA, USA). The resulting images were
processed using DoseLab, a freeware for film dosimetry.”
Flat-bed scanners are most commonly recommended imagers
for the film, however, since the freeware DoselLab was based
on the VIDAR data, the VIDAR scanner was used for the data
processing. No meaningful dose changes were observed be-
tween those of VIDAR and flat-bed scanner results. Since the
VXR-16 digitizer had no option of channel splitting like red,
green and blue, gray intensity was used. The film scanning
resolution was 71 dpi.

To confirm the film results, MC simulation was performed
To this end, the EGSnrc-based

BEAMnrc and DOSXYZnrc were commissioned for the linear

using the CT images.

accelerator.”® For the 6 MeV electron beam, the calculated Rso
and R, (electron practical range) agreed respectively with those
of the measured percentage depth doses (PDD) to within 1
mm with the starting modeling energy of 6.72 MeV. Using a
CT image in the MC calculation requires CT eye shield im-

Solid water

setup. An EBT2 film strip was
inserted between the curved metal
shield and the overlying thermo-
plastic phantom eyelid.

ages free from metal artifacts. To acquire CT images without
metal artifacts, an acrylic shield of the same size was ma-
chined and replaced during a CT scan. The slice thickness was
1.25 mm. An intermediate step is required during which the
proper material for the MC calculation is considered. Because
the CT numbers for the eyelid simulator and the machined
acrylic shield were similar, the identification of each part was
not possible. Therefore, each region corresponding to the alu-
minum cover, steel knob, and tungsten shield body was modi-
fied respectively into discernible ranges from each other. Then,
via “ctcreate,” a utility in the MC package, the CT images, in-
cluding their specific material information and densities, were
converted into the DOSXYZnrc image input format. The MC
calculation results were reported as absolute doses using the

reference condition simulation.

RESULTS AND DISCUSSION

Fig. 2 shows the dose-converted film strip images, in which
the colored distributions show an increased dose from blue to
red. The extracted profile from the third film strip along the
white arrowed line is also shown. The dose profiles for each
of the three strips were aligned and averaged. The alignment
of the extracted profiles was not difficult to average because
the profiles showed common features at specific points, and

the alignment uncertainty was less than 1 mm. The standard
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Fig. 2. Converted dose value images
of the three film strips (left). The
regions in red had covered the
metallic shield. Along the white
arrowed line on the third strip,

the dose profile is displayed
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Fig. 3. Monte Carlo calculation results taking into consideration
the material information on W, Al, and steel. The inner eyelid
doses are at least above 180 cGy.

deviation for the aligned three profiles was less than 1% in the
eye shield cover range.

The MC simulation result is shown in Fig. 3. Overall, the
inner eyelid dose ranged from 180~200 cGy at the interface
with the metallic eye shield. The sub-mm dimension in this
calculation encourages the adoption of the film measurements
to compare the results. Since the film strips were positioned
between the shield and the eyelid simulator, and the two mate-
rials in contact had vastly different densities, a selection had to
be made regarding the depth at which each material should be
considered for the interface dose. Here, five small ROIs ex-

tending 1 mm into each material from the central boundary

40 60 80 10012014016018

(right). The units on the x and y
axes represent the pixel number

Y distance (pixels) and image intensity, respectively.
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Fig. 4. Comparison of the film-based dose profile and the
ROI-based MC simulation results. Despite the relatively large
standard errors, the MC calculation agreed with the film strip
measurements within 2.1%. The inset is the edge profile from
irradiated film, which shows no possible additional side scatter
from the scanner light.

were drawn along the curved interface, and point doses were
obtained with the standard deviation.

The resulting MC point doses were overlaid onto the aver-
aged film dose profile, as shown in Fig. 4. The MC simulation
data points were at uncertain positions, but these were less
than 1 mm. The MC calculation results had relatively large er-
ror bars, which came from the ROIs containing both tungsten
(and aluminum) and thermal plastic doses. However, the film
and MC calculation results showed a large agreement in aver-
age values within 2.1%, reflecting the usefulness of film dos-

imetry for such a curved interfacial area, which other dosim-
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etry tools cannot access with ease. In this result, the probable
uncertainty in the film measurement from the air gap was as-
sumed to be negligible, thus neglected in the consideration.
One possible concern of using the small width film is that the
scanner light can disturb the film strip reading, resulting over-
dose from the side scatter. The inset in the Fig. 4 is the one
example of the film profile exposed by 40 cGy. The film edge
shows no side scatter peak except the usual pixel by pixel
fluctuation. The narrow width of the film strip can be used
successfully without the side scatter from the scanner light.
It is notable that film dosimetry and MC simulation were
successfully employed for the interface dose distribution be-
tween materials of extremely different densities: tungsten and
thermal plastics. The application of the radiochromic film in
small fields with sub-cm dimensions has been successfully
executed before,g’m) and in these previous studies, the film re-
sults were regarded as the gold standard for other dosimetry
modalities because of their high resolution. In this report, we
extended the film measurements to the interface dosimetry for
a small and curved area. The microMOSFET (TN RDM 502,
Thomson and Nielsen, Ottawa, Canada) can be an alternative
for the interface point dose in a small, curved region.'
Nevertheless, its size of 1x1 mm and length of 3.5 mm cannot
be neglected. Another cumbersome issue is its dose depend-
ency on the relative direction of the incoming radiation, thus
requiring correction of the directional dependency for exact
evaluation. In this respect, the film is the top choice, enabling

two-dimensional evaluation even in the curved region.

CONCLUSION

This paper aimed to show the usefulness of film dosimetry
for dose distribution in the small, millimeter-size curved inter-
face between the metallic shield and the covering eyelid. For

this unusual environment, radiochromic film strips were used,

PROGRESS in MEDICAL PHYSICS Vol. 23, No. 4, December, 2012

and the results were confirmed by MC simulation. The thin
and flexible film occupies negligible space and thus is the op-

timal dosimetric tool for the small and irregular space.
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