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Abstract

The important things on Leksell Gamma Knife (LGK) is determination of Relative Output Factor (ROF), which is
required for beam data collection (BDC) process, as an input value to the Treatment Planning System (TPS). The
ROF is also needed to traceability of dosimetry measurements and patient safety. ROF measurements on LGK
using PTW PinPoint 3D ionization chamber: 0.016 cm3, PTW Semiflex: 0.125 cm?, and Exradin A16: 0.017 cm? at
collimators 4, 8 and 16 mm. and gafchromic films. ROF values obtained in hospital-A, using PTW PinPoint 3D was:
[(1.00 = 0.002)], [(0.80 £ 0.02]); [(0.42 £ 0.002)]; and using Exradin A16 [(1.00 + 0]; [(0, 87 £ 0)]; [(0.69 + 0.0002)].
And using gafchromic films was: [(1.00 + 0.006]; (0.96 + 0.005); (0.86 + 0.06)]; respectively for collimators 4, 8 and
16 mm, and Measurement of ROF in hospital-B using using a PTW PinPoint 3D was: [(1 + 0); (0.75 + 0); and (0.33
+ 0)] and using Exradin A16 was: [(1; 0.87; and 0.69)] and gafchromic films was: [(1.00 + 0.03); (0.98 + 0.045); and
(0.85 £ 0.09)]; The results of ROF’s measurement were compared with the ROF values of Novotny, et al (2009)
and TPS. The Gafchromic’s ROF values were relatively closer than both of them, while the ROF value of ionization.
chamber at 4 mm collimators was relatively lower, because measurement in a small field occurs an averaging effect
volume and lack of lateral charge particle equilibrium (LCPE).
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Abstrak

Aspek penting pada Pisau Gamma Leksell adalah menentukan Faktor Output Relatif, yang diperlukan untuk proses
pengumpulan data berkas sebagai nilai masukan ke TPS.. Penentuan ROF juga dibutuhkan untuk ketertelusuran
pengukuran dosimetri dan keselamatan pasien. Telah dilakukan pengukuran ROF pada rumah sakit (RS) yang
memiliki LGK menggunakan film gafchromic dan detektor PTW Pinpoint: 3D berukuran 0,016 cm?, PTW semiflex
0,125 cm?, dan Exradin A16 0,017 cm?® pada kolimator 4, 8 dan 16 mm. Diperoleh nilai ROF di RS-A, menggunakan
film gafchromic: [(1,00+0,006), (0,96+0,005), (0,86+0,06)] masing-masing untuk kolimator 4, 8 dan 16 mm;
menggunakan detektor PTW PinPoint: [(1,00+0,002, (0,80+0,02), (0,42+0,002)]; dan menggunakan detector
Exradin A16: [(1,00+0), (0,87+0), (0,69+0,0002)]. Pengukuran ROF pada RS-B menggunakan film gafchromic:
[(1,00£0,03), (0,98+0,045), (0,85+0,09)]; menggunakan detektor PinPoint: [(1+0); (0,75%0); (0,33+0)] dan
menggunakan Exradin Al16: [(1; 0,87; dan 0,69)]. Hasil pengukuran ROF ini dibandingkan dengan nilai ROF
Novotny, et. al (2009) dan TPS. Nilai ROF Gafchromic relatif lebih dekat dengan hasil Novotny (2009) dan TPS,
sedangkan nilai ROF detektor ionisasi pada kolimator 4 mm relatif rendah, karena pada pengukuran di lapangan
kecil terjadi volume averaging effect dan lack of lateral charge particle equilibrium (LCPE).

Kata Kunci: relative output factor, LGK, detektor ionisasi, lapangan radiasi kecil, film gafchromic

1. INTRODUCTION radiosurgery to cure the tumors in the brain
without having to undergo surgery. The gamma-
ray used on LGK is Co-60, which can interact and

According to reference (Novotny et al. 2010), the  jll cancer cells. The LGK has a high level of

Leksell Gamma Knife (LGK) is a method of  precision and accuracy of up to 0.15 mm. The size
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of the gamma-ray beam varies at each target
position. This feature gives the LGK to irradiate
tumor targets accurately. LGK-PFX is a
generation of LGK introduced by Elekta
Instrument, AB, Sweden, in 2006. LGK-PFXF was
a continuation of the previous LGK, namely the U,
B, C, and 4C LGK models. In 2016, the Elekta
Instrument introduced the latest model LGK, the
LGK Icon. LGK-PFX has 192 of Co-60 sources.
Unlike its predecessor, which has 201 sources.
From 192 sources, divided into eight sectors,
each installed with 24 of Co-60 sources. The
collimator is made of tungsten, which has 16, 8,
and 4 mm. 192 Co-60 sources against the center
support each collimator.

After obtaining optimal results, radiation
was carried out with the help of a unique fixation
device placed on the patient's head to be sure that
the patient's head does not move during the
procedure. The irradiation time depends on tumor
volume and planning.

One of the dosimetry parameters on the
LGK is the relative output factor (ROF). ROF is the
guotient value from measuring the output of a
collimator to the largest collimator output value on
the LGK (Zeverino, Jaccard, and Patin 2017).
LGK-PFX has the largest collimator size, 16 mm,
different from its predecessor LGK models U, B,
C, and 4C, with the largest collimator size of 18
mm.

ROF measurement is a quality assurance
(QA) because ROF has a significant influence on
the accuracy of LGK dose (Firmansyah, Assef
Firnando,et al., (2016). LGK ROF measurement
has several difficulties, including accuracy in
positioning the detector on the phantom of the
head and the averaging volume effect
experienced by the ionization chamber with a
small volume. The dosimetry in the LGK is
considered in the small field dosimetry category in
the IAEA TRS- 483 protocol. Previous authors
have carried out the ROF measurements using
various types of detectors, including diamond
detectors, diode detectors, and films (Hrsak et al.
2014; Klawikowski et al. 2014).

In Indonesia, there were only two LGK-
PFX, which were installed in 2012 and 2017
(Firmansyah et al. 2016, 2017; Nazaroh,
Firmansyah, and Rajagukguk 2012). The ROF
value has never been determined by
measurement.

To provide therapy with an accurate dose,
the LGK must be measured in terms of output of
dose and ROF. This paper describes the first
experience for ROF measurements in two LGK-
PFX in Indonesia. The measurement was made
using the gafchromic film EBT3 and three micro-

ionization chambers. The result compared to the
value from LGK’s TPS and reference Novotny
(Novotny et al. 2009).

2. REVIEW

The absolute dose rate of LGK is usually
measured only in the largest collimator, i.e., the
dose distribution, which shows a relatively large
plateau region, in the x-y plane. The dose rate for
the smaller collimator helmet calculated according
to the following equation:

221
dt ) Ldt ) 0

(i—f): measured dose rate for collimator 16 mm.
(i—f) : the dosage rate for collimators 4, 8, and 16
n

mm.
(OF)n : the output factor that corresponds to the
collimator.

Corresponding the output factor, with OF 16
was 1,000 by definition. The output factor, which
was still being discussed, in a 4 mm collimator,
shows a 4-11% (with Monte Carlo calculations,
analytical calculations, or experimental methods).

According to the IAEA publication TRS-
483, one of the dosimetric parameters that must
determine on LGK was the relative output factor
(ROF). The ROF is the quotient value of the
output measurement in a collimator to the value of
the largest collimator.
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Figure 1 (a) PTW Semiflex, PTW PinPoint 3D
and Exradin A16 ionization detectors (b) Scan
Results of Gafchromic EBT3

Based on the IAEA TRS 398, the detectors
used for measurement must be traceable to the
international system (SI) and checked for stability.

The radiation source used for this study
was the LGK-PFX in Hospital A (RS-A) and
Hospital B (RS-B). Before the research, the LGK-
PFX has been calibrated its output with a
reference of 1 MU = 1 cGy.

The ionization chamber for measurement
of dosimetry in a small field was a micro-ionization
detector, namely PTW Pinpoint 3D ionization
chamber 0.016 cm3, PTW Semiflex 0.125 cm?3 and
Exradin A16 0.007 cm?® ionization chamber
(Figure 1la) and EBT3 gafchromic films (Figure
1b). The electrometer used was PTW Unidose
Webline. For the measurement of ionization
chamber, it conducted five repetition data in each
point of dose.

The use of gafchromic EBT3 film has an
advantage, especially for the darkness can be
negligible when scanning at least 24 hours after
irradiation (Li et al. 2017). Few publications show
the gafchromic films were advanced dosimetry
tools for small field measurement, include the
relative output factors (Gonzalez-Lopez, Vera-
Sanchez, and Lago-Martin 2015; Morales et al.
2016; Mourya et al. 2018; Ulya et al. 2016)

289

Sudiatmoko)

(©

Figure 2 Setting of ionization chamber: (a)
Exradin A16, (b) PTW Semiflex (c) film
gafchromic

3. METHOD

Before being used for ROF measurements on the
LGK-PFX, the PTW PinPoint 3D was checked for
stability and repeatability. By the measurement,
the PTW Pinpoint 3D ionization chamber stability
was below 1% and the repeatability was 0.2% at
a confidence level of 67%. In radiotherapy, it was
required an accurate dosimeter, a good response
to dose and energy, high spatial resolution, and
tissue equivalent. Based on the recommendation
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of AAPM TG 55, the film was the main dosimeter
in measuring radiotherapy sources. Currently,
one of the Gafchromic films that were often used
was the EBT3 Gafchromic film.

Before using, the response of Gafchromic
films were checked by made a calibration curve.
For this reason, the film was irradiated with Co-
60, with six dose variations, using 72 and 420 dots
per inch (dpi), the film was read and produces the
number of pixels, so a calibration curve was
obtained. The measurement using EBT3 film
were conducted three times repetition each dose
point.

4. RESULT AND DISCUSSION

The result of the evaluation Gafchromic film as
calibration curve was showed in Figure 3a and 3b.
For Figure 3a, the relationship between Y vs X-
axis is showed has square residual 0.967.

y =-0,0002x + 9,0019
r=0,967
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(b)
Figure 3 Calibration Curve of Gafchromic for (a)
720 dpi and (b) 420 dpi

The evaluation using 420 dpi (Figure 3b),
the film was read and produces the number of

pixels. The calibration curve was obtained with the
relationship between the Y vs X-axis. Y =
0.0002X+9.0019, Y (dose), X (mean pixel), with r2
= 1, r (correlation coefficient). By using 420 dpi
(better film resolution) so that the calibration
results were better, with a very linear correlation
coefficient square residual 1,000.

Using the gafchromic calibration curve, the
dose and ROF of the LGK-PFX in RS-A and and
RS-B can be determined, for collimators 4, 8, and
16 mm. ROF was calculated using the dose rate
for each collimator using the formula ~ (1). The
results were presented in Table 1.

The ROF measurements using Gafchromic
Films in RS-A and RS-B were quite good with
ROF results in RS-A (1; 0.96; and 0.86) and RS-
B (1; 0.98; and 0.85). Dose measurements using
Gafchromic film on collimators 16, 8 and 4 mm in
RS-A have a standard deviation of 6.03%; 0.53%;
and 7.24%, and the results of dose
measurements using Gafchromic film in RS-B
have a standard deviation, respectively of 3.3%;
4.6; and 10.7%. Based on some references, the
use of Gafchromic films in radiotherapy dosimetry
was the best option especially for small radiation
field dosimetry (Gonzalez-Lopez, Antonio, Juan
Antonio Vera-Sanchez, and Jose Domingo Lago-
Martin,. (2015), (Das, Indra J., George X. Ding,
and Anders Ahnesjd, (2008) and Hassani,
Hossein, Hassan Ali Nedaie, Mohammad Hassan
Zahmatkesh, and Kaveh Shirani (2014).

Table 1 ROF Measurement Results for LGK-
PEX.in RS-A and RS-B (using Gafchromic Film)

Film Gafchromic

Collimator RS-A RS-B
(mm) Dosis ROF Dosis ROF
(mGy) (mGy)
4.54 + 293+
16 = oo BCS oo 1.00
4.35 + 2.86 +
8 oy, 096 o 098
3.92+ 2.48
4 o0, 086 1070 085

In the ROF measurement of the LGK-PFX,
three ionization chamber was used: the PTW
PinPoint 3D ionization chamber, the Exradin A16
detector, and the PTW semiflex. The ionization
chamber was positioned on the head phantom
isocenter, then irradiated with a certain dose.
Three data were taken in each irradiation. The
measurement results were presented in Table 2.

The measurement using PTW PinPoint 3D
in RS-A has good agreement with the TPS value,
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but the ROF results were not good. The
measurement using a semiflex ionization at RS-B
was a quite good standard deviation, but the
results of ROF measurements using a relatively
low ionization detector on a 4 mm collimator with
a value of 0.33 were measured using a PTW
Semiflex detector.

Table 3 presents the results of determining
the ROF for collimators 16, 8, and 4 mm using 3
types of detectors, with references Novotny [10]
and TPS. The determination of ROF by using
gafchromic film the results were quite accurate
namely 1; 0.98 and 0.85 compared to TPS and
Novotny, but the standard deviation was not good
because the data collection was only three times.

From Table 3, it can be concluded that the
measurement using the Exradin A16 ionization
chamber at an 8 mm collimator has a good
agreement compared with the TPS value in terms
of a 3% deviation. In comparison, the
measurement for a 4 mm collimator was not good,
because the deviation is more than 3%.

The measurement result using gafchromic
films has been shown a good agreement in both
hospitals. It compared to the normalization value
at 18 mm for each measurement. Generally, on

Sudiatmoko)

the radiotherapy dosimetry, the maximum
deviation, which acceptable was 3%. Higher than
3% should be re-calibrating and do the adjustment
system for the machine. However, for the
measurement of relative factor output factor,
some references showed a good agreement for
10% (for 8 mm) and 20% (for 4 mm) deviation
(Araki et al. 2003; Ma et al. 2009). From those
results, the gafchromic result showed below the
reference.

Based on several references, the use of
gafchromic films in radiotherapy dosimetry is one
of the best choice especially for small radiation
field dosimetry (Li et al. 2017; Novotny et al. 2009;
Zeverino et al. 2017). To ensure the quality of
gafcrhomic film result, the scanning was
performed in the range 24 hours after irradiation
using the Epson Flatbed Scanner. Also, the
temperature was set in the range 20 — 24 °C to
maintain the effect of gafchromic film.

The use of a micro ionization chamber for
measurement of small field dosimetry was still not
able to optimally measure the smallest
collimators. The averaging effect and the lack of
lateral charged particle equilibrium are the main
causes of the non-optimal ionization chamber.

Table 2. ROF Measurement Results for LGK-PFX machine using an ionization chamber

RS-A RS-B
Collimator (mm) PTW PinPoint 3D Exradin A16 PTW Semiflex
M (nC/minute) ROF M (nC/minute) ROF M (nC/minute) ROF
16 0.011+0 1.00 0.7510 1.00 10.95+0 1.00
8 0.008+0 0.75 0.66+0 0.87 8.21+0 0.75
4 0.004+0 0.33 0.5240 0.69 3.6040 0.33

Table 3. Results of Determination of ROF on LGK in RS-A and in RS-B compared to the TPS
and Novotny’s result (Novotny et al. 2009)

Col (mm) RS-A RS-B TPS (Novot';lnggtgl* 2009)
PTW PinPoint 3D  Exradin A16  Gafchromic Semiflex Gafchromic
16 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.80 0.87 0.98 0.75 0.94 0.90 0.92
0.42 0.69 0.85 0.33 0.81 0.81 0.81
The average volume effect (volume (underestimate dose). For the equilibrium of

averaging effect) can occur because the volume
of the detector is greater than the radiation field so
that the reading of charged particles is uneven in
their accumulation. This effect causes the dose
reading to be lower than it should be
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particles in the lateral direction not achieved has
the same impact, namely the accumulative
reading of the ionization in the detector cannot be
optimal. But, for years there were few publications
looking for correction factor to correct the small
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field detectors (Bouchard et al. 2015; Das, Ding,
and Ahnesj6 2008; Hrsak et al. 2014).

Until now, calibration traceability for small
field ionization detectors still uses available
protocols, the standard 10 cm x 10 cm radiation
field or by using the daisy-chaining measurement
method(Firmansyah et al. 2020). There is still
possible study to conduct for the determination in
the small field dosimetry by using the others
approach, i.e., the alanine dosimetry (Baffa and
Kinoshita 2014) or polymer gel dosimetry
(Hassani et al. 2014).

Based on the experiment, the relative
output factor can be determined using the
ionization chamber with the small volume and
Gafchromic films due to their advantage.
However, the normally condition in the hospital
used the value of relative output factor from TPS
system for clinical purpose. The manufacturer
already set up the TPS value with simulation in
advance while in the commissioning purpose. For
the result of determination of relative output factor
can be used as verification method for research
purpose.

5. CONCLUSION

The ROF measurement on LGK-PFX has been
carried out using ionization detector and
Gafchromic film. The results of the ROF
measurement using the PTW PinPoint 3D on a 4
mm collimator are relatively lower compared to
the TPS reference values.

Determination of ROF using Gafchromic
Film get relatively no significant difference with the
reference value. Gafchromic film on radiotherapy
dosimetry is the best choice, especially for small
radiation field dosimetry.
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