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The accuracy and precision are necessary factors in radiotherapy, especially for measurements involving
output factors and beam profiles; in this case multileaf collimators (MLCs) and dosimeter systems are not
employed to obtain an adequate absorbed dose. In this work, output factors and beam profiles using
multileaf collimators were obtained through the Fricke Xylenol Gel (FXG) dosimeter irradiated with 6 MV
photon beams. From the results, FXG dosimetry demonstrated to be an adequate dosimetric tool for

radiotherapy applications using MLC.
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Introduction

In radiotherapy, the radiation from a linear accelerator with
beams of photons and/or electrons is used to neutralize or kill
cancerous cells. Subsequently, these beams are collimated to avoid
scatterings that may occur and compromise the absorbed dose
prescribed by the radiotherapist [1—3]. New technologies are being
developed for a better absorbed dose delivery to the patient,
ensuring a precision better than 5% [4]. A tool for the accuracy and
precision of the equipment dose delivery is the multileaf collimator
(MLC) system; it consists of a series of computer-controlled tung-
sten leaf pairs that can independently slide in and out of the radi-
ation beam, thus adjusting the size and shape of the beam field [5].
The MLC system has advantages such as replacing conventional
blocks, it can be applied in beam'’s eye view (BEV), projection of the
planning target volume (RTV) and beam-intensity modulation
(IMRT), due to the scattering in the multileaf system and the
knowledge of the beam format on the target are respectively
necessary measurements of the output factors and profiles of the
beams for the planning system, at the time of absorbed dose de-
livery to the patient [6,7]. Finally, the dosimetric system with high
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resolution measurements should be used with MLC, for a 3D
dosimetry of the entire treatment [8—10].

The Fricke Xylenol Gel (FXG) dosimeter is promising for the MLC
dosimetry, once it can be specific for photon and electron beams
small fields dosimetry [11—14], and it has characteristics suitable
for use in the measurements required in MLC. This irradiated
dosimeter oxidizes Fe*? to Fe™> ions, which is proportional to the
absorbed dose. Features such as effective atomic number and
density, near the soft tissues, make this phantom-dosimeter
applicable for radiotherapy and researches using the FXG with
low and high photons and electrons energies can be found in the
literature [15—17].

Output factors and beam profiles are physical characteristics
also useful with multileaf collimators in clinical radiotherapy. In
this work, the application of the FXG dosimeter can be useful due to
the utilization of irradiationa phantom in 3D [18].

The main purpose of this work was to determine the output
factors and beam profiles for photon small fields, through MLC,
using the FXG dosimeter.

Material and methods

The Fricke Xylenol Gel (FXG) dosimeter used is composed of:
gelatin 300 Bloom, sulfuric acid, ferrous sulfate, xylenol orange and
Milli-Q water. Its preparation [19—21], irradiation [22,23] and ap-
plications [24—26] were already reported [27—32]. The FXG optical
density was determined from a portable spectrometer (Vary-
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Varian/Ultro-pec2100/79500), with the wavelength at 585 nm and
a light collimator of 1 mm diameter, that determines the FXG lateral
spatial resolution.

The protocol of the FXG dosimeter preparation [19—21] con-
siders that for a desired dosimeter volume, 75% of it is composed of
Milli-Q water, highly purified. This preparation, for example, re-
quires that for a dosimeter of 1000 ml of water, 750 ml of it be
mixed with 50.058 g of pig skin gelatin (Sigma—Aldrich 300 Bloom)
for a time of 15 min and temperature of 45 °C, in order to obtain a
clear and homogeneous solution. Thereafter, no more than 30 min,
12.5% of the remaining 25% water has to be mixed with 2.386 g of
sulfuric acid + 0.076 g of Xylenol Orange and added to the previous
solution, stirring for better homogenization, followed by the addi-
tion of 0.196 g of Ferrous Sulphate mixed with the remaining 12.5%
of water, stirring again to obtain the final solution that has to be
refrigerate at 10 °C for 30 min. From measurements for this
dosimeter [11,12,23], the absorbed dose response for 6 MV photon
beam is linear in the range 0.1—-30.0 Gy, with a sensitivity (slope of
the dose response) around 0.08 Gy~ ' [11]. The reproducibility and
stability were possible within 5 h post irradiation [23] keeping the
cuvettes refrigerated between measurements.

The Beam profile (BP) and Output factor (OF), were obtained
from 6 MV photon beams, from a Varian 2100C linear accelerator
with 26 pairs multileaf collimators. The measurements were done
with a source to surface distance of 100 cm, at maximum depth of
dmax = 1.5 cm and with an absorbed dose of 3 Gy. The small field
sizes: 1 x 1,2 x 2,3 x 3 and 4 x 4 cm? were shaped with the
multileaf collimators; and during the measurements the jaws col-
limators were set to a field of 10 x 10 cm?. The experimental set-up
is shown in Fig. 1, with the FXG cuvettes (1 x 1 x 10 cm®) immersed
in an acrylic-water phantom (30 x 30 x 40 cm?). The FXG absor-
bance readings, proportional to the absorbed dose in the dosimeter,
were inferred from the transmission measurements and were
normalized to the maximum absorbed dose value in the beam
central axis.

The beam profiles were obtained using the FXG with readings
along the dimension of 10 cm of the cuvettes, through Eq. (1):

6 MV photons

10 x 10 cm?
upper jaw
lu lower jaw
1.5 cm dia
40cm
30 cm

Figure 1. Experimental set-up showing the primary collimator jaws which remained
fixed at 10 x 10 cm? (upper) and secondary collimators (lower) which formed small
fields less than 4 x 4 cm? The FXG sample was inserted in the water phantom at a
maximum distance of 1.5 cm and irradiated with 6 MV photons.

D;

(1)

where Dj and D, are, respectively, the absorbed dose values along
the field and at the buildup position in the central axis.

The output factors were obtained from the FXG readings at the
center of cuvettes for different field sizes, related to that acquired
for the reference field size (10 x 10 cm?) through Eq. (2):

Dr

OF =
D1g

(2)

Df and Dqp are respectively, the absorbed dose value for a
selected field size and for the reference field size.

The small field sizes beam penumbras were determined at the
maximum distance and were characterized in the space interval in
which the absorbed dose rises from 20% to 80% of the central
absorbed dose, increasing with the increase of the scatter added
into the beam line due to the increase of the irradiated volume [5].

For measurements with dosimeter gels, when the diffusion
has to be considered, their diffusion coefficients should be used
to correct the results according to the post-irradiation time [33—
37]. In this study, the diffusion coefficient was not used for the
absorbance measurements, once they were taken immediately
after irradiation (in average 2 min, with a fading of 0.04%). If a
diffusion coefficient correction was needed, this could be done by
the methods described in the literature [38], measurements that
consider the same FXG dosimeter solution presented in this
work.

Results and discussion

Small field profiles obtained from MLC are shown in Fig. 2. If can
be seen that smaller the field it goes from a square shape profile to a
quasi Gaussian one [10]. The profile gradients, situated between
80% and 20% of the dose absorbed, are the interval or region where
the penumbra is obtained [39].

In Fig. 3, the penumbra width ranged linearly from 2.0 mm to
7.0 mm for the 6 MV photon beams; these values are in agreement
with the values derived from other methods such as point spread
and line spread function analyses [40].

Output factor values are shown in Fig. 4, initially with a lower
value, increasing faster, for smaller fields sizes, and tending to a
constant value, with the increase of the field size up to the reference
one of 10 x 10 cm?. The higher the volume irradiated, more difficult
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Figure 2. FXG beam profiles for 6 MV photon beams using square field sizes of 1 x 1,
2 x 2,3 x 3and 4 x 4 cm? formed by MLC.
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Figure 3. MLC penumbra widths 80%—20% versus field size for 6 MV photon beams
calculated through the experimental data of beam profiles measured with FXG.
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Figure 4. 6 MV photon output factor for FXG dosimeter using MLC, with small field
sizesof 1 x1,2 x 2,3 x 3,4 x 4,6 x 6,8 x 8and 10 x 10 cm?

it is for the field scatter to approach the center, when comparing
with smaller volumes (smaller field sizes). These results are
consistent with output factors determined using other types of
dosimeters such as: ionization chamber (PTW, Freiburg, Germany,
0.125 cm?) and 2D Array Seven29™ (PTW, Freiburg, Germany, 256
ion chamber array, 0.125 cm?) [41].

Conclusions

From the results, it can be concluded that: 1) The beam profiles
for small fields were determined in agreement with the high res-
olution of the FXG dosimetric system; 2) The accuracy and preci-
sion importance in the output factor determination was verified, to
be accounted for the decision related to the absorbed dose delivery
to the patient and 3) The penumbra obtained at a maximum of
7 mm is within the established maximum tolerance of 13 mm
[5,14]. This work shows that the FXG dosimeter can as well be
applied for the determination of dosimetric characteristics (output
factors and beam profiles) of MLC small field sizes.
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