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Abstract

Air gap under Linac head is the last material in photon beam path before
reaching patient’s skin. The air atoms interact with photons and affect the beam
quality in radiotherapy treatment. How photon beam varies at the beam edge
when photons are traveling from gantry to patient traversing the air gap? The
purpose of this work is to analyze the photon fluence at the beam edge with air
gap thickness and to assess how air gap above patient can alter the photon
beam quality at the beam edge. The Monte Carlo Linac head model was
performed for 6 MV photon beam produced by Varian Clinac 2100.

The photon beam fluence decreased in depth with air gap under Linac head. At
the beam edge, the primary photons interact with air atoms in addition to
scattered photons coming from the inner surface of jaws that are of low energy
contaminated the photon beam before reaching patient’s skin. For predicting
the maximum photon fluence rate with slab thickness of the air gap, a
mathematical sigmoid law is established to describe how maximum photons
fluence rate can vary with thickness and to enable us to know the photon beam
quality variation according to air gap thickness.

Keywords: Material filtration, Monte Carlo simulation, Photon beam
softening, Air gap study, BEAMnrc.

l. Introduction

The delivery of high tumor dose is the goal of radiation therapy while minimizing dose to
healthy tissue [1]. Increasing the air gap was found to reduce the dose beyond the secondary
buildup region [2]. The air gap is natural material inside radiotherapy department and is an
integral part in photons beam path when patient is treated by radiation. The technology
evolution of Linac considering the air effects on delivered dose based on quality management
protocols that govern the verification and calibration of Linac head by establishing the facility
rules [3-5]. International Commission on Radiation Units and Measurements recommends
that the absorbed dose to the radiation therapy target volume should be delivered to an
accuracy of 5% or better [6]. In this context, we have studied the air gap effects on photon
beam fluence at the beam edge for checking the dosimetry quality with air gap thickness.
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The radiotherapy quality aims to increases the killing of tumor cells and improve the patient’s
life quality by reducing the time treatment. The photon beam produced should conserve its
power when traveling from target to patient. However, the air gap thickness is almost 60 cm.
In this works, the air gap effects on beam quality are investigated in term of photon beam
fluence with air gap thickness for evaluating the air impacts on delivered dose before reaching
the patient’s skin because the air above the patient is the last material slab and it can alter the
beam quality and especially at the beam edge.

Monte Carlo calculations are essential methods in radiation therapy study. To take full
advantage of this tool, the Linac head has to be simulated in detail and the initial beam
parameters have to be known accurately. The modeling of the beam opens various areas
where Monte Carlo calculations prove extremely helpful, such as for Linac head design and
commissioning of a therapy facility as well as for quality assurance verification and
radiotherapy quality improvement [7-9]. One of the major reasons to make this Monte Carlo
study that it allows modelling the Linac head and calculating photon fluence properties at the
beam edge.

For radiotherapy quality improvement, we have previously studied the beam quality
improvements by studying beam softening as main parameter for examining the flattening
filter materials [10,11] and also by studying the flattening filter volume reduction impacts on
delivered dose [12,13]. The dosimetry quality is investigated for flattening filter free of Linac
configuration [14, 15]. In this study, the beam quality is studied at the beam edge for
radiotherapy quality and radioprotection facility and we have proceed to introduce a
mathematical law for predicting photon beam fluence variation with air gap thickness and also
with off-axis distance.

In this work, Monte Carlo geometry is building for 6 MV photon beam Varian Clinac 2100 by
BEAMNrc [16], the Linac head model is representing as realistically as possible. Thereafter,
Monte Carlo simulation is validated. The photon fluence is determined with off-axis distance
for each air gap slab thickness of 7.5 cm. The nominal photon beam energy is 6 MV, the field
size is 10x10 cm? and the source-to-surface distance (SSD) is 100 cm. The physical process
simulation is based on EGSnrc code where the transport of radiation is simulated as
realistically as possible [17].

Il. Materials and methods:
1. Monte Carlo simulation:

Monte Carlo simulation of Linac head provides both accurate and detailed energetic and
dosimetric calculation in radiotherapy physics [18]. In this study, Linac head was modeled by
BEAMNnrc and then phase space files (PSF) were generated. PSF were used to determinate
particles’ properties and their characterizations using BEAMDP code [19].

Figure 1 shows head components, including target, primary collimator, flattening filter, ion
chamber, and secondary collimator (jaws) were simulated based on manufacturer-provided
information (Varian Medical System) by BEAMnrc code.
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Figure 1: Cross section view of Monte Carlo geometry of Linac head and photons path from
target to water phantom.

The histories number used in BEAMnrc is 2x10° with directional bremsstrahlung splitting
(DBS) as variance reduction technique and it was 1000. This number is sufficient to generate
a simulation statistical uncertainty of 1% and it is as determined in previous study [20].

2. Monte Carlo simulation validation

The Monte Carlo simulation of Linac head was validated with accuracy by 99% for PDD and
by 98% for beam dose profile which are within the tolerance limit recommended by IAEA in
TRS430 [21] and in IAEA-TECDOC-1583 [22]. This work is a subject of one of our previous
scientific publications [23]. This Monte Carlo simulation was more accurate in comparison
with previous study [24].

3. Sigmoid law for maximum fluence rate prediction

We have established a mathematical law for predicting maximum photon fluence rate
variation at the beam edge (symmetrical sigmoid). The sigmoid formulas are established
generally to govern the growth variation of biological or physical process [25].

The symmetrical sigmoidal is mathematical form which describes the variation based on
exponential form. The formula 1 gives the form of the symmetrical sigmoidal:

a—d

f) =d+-1%5
1+(3)

Where a, b, ¢ and d are the constants to determine.

1)

This mathematical form allows us to know the photon fluence variation at the beam edge for
improving radiotherapy efficiency and for radioprotection reasons regarding to the operating
radiation source staff and patients.
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I11. Results and discussion:

The air gap impacts on photon fluence are evaluated with off-axis distance and with air gap
thickness. Figure 2 shows photon fluence profiles as a function of off-axis distance for each
air gap slab of a thickness from 0 to 60 cm by increment of 7.5 cm.
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Figure 2: Photon fluence profiles as a function of off-axis distance for each sub air gap slab

It is clear from Figure 2 that the air gap affects the photon fluence that decrease with air gap
thickness. Photon fluence increased with off-axis distance on flat region of the profile curves.
Near the beam edge, these fluencies fall to zero but at different off-axis distance which vary
with air gap thickness and they have the maximum at this point (Figure 2).
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Figure 3: Off-axis distance of photon fluence maximum variation as a function of air gap thickness

From Figure 3, the off-axis distance of maximum fluence varies linearly with air gap
thickness. This finding is natural due to inner surface of jaws that is flat. However, the
question can be put in this context, how these maximums vary with off-axis distance that
varies linearly with air gap thickness?
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For responding to this question, we have determined the photon fluence rate at beam edge of
each sub air gap thickness. The photon fluence rate is determined as a ratio of photon fluence
to air gap thickness. Figure 4 gives the maximum photon fluence rate variation with air gap

thickness.
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Figure 4: Photon fluence rate variation as a function of air gap thickness.

It can be seen from Figure 4 that the maximum fluence rate decreases with air gap thickness.
The more significant result is that the maximum of photon fluence rate of thicker air gap
overlaps with fluence rate of thinner air gap and all maximums of photon fluence rate are on
maximum fluence rate curve of air gap thickness of 7.5 cm (Figure 4).
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Figure 5: Photon fluence variation as a function of air gap thickness at each sub air gap slab.

Figure 5 shows the variation of maximum photon fluence with air gap thickness presented in

Figure 2.
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The finding in Figure 5 is natural due to photons attenuation in depth with air gap thickness.
Based on this parameter and the photons attenuation, the radiotherapy quality at the beam
edge is checked by the determination of the maximum fluence rate.

Figure 6 shows the maximum photon fluence rate variation with air gap thickness.
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Figure 6: Photon fluence variation rate as a function of air gap thickness at each sub air gap slab.

It can be seen from Figure 6 that the maximum fluence rate decreases deeply with air gap
thickness at the beam edge. So, the radiotherapy quality is strongly deteriorated with air gap
thickness because the photon fluence decreases in depth. At patient’s skin the photon number
will decrease by 80% and in parallel, the particles contamination (electrons, low energy
photons ...) will increase due to the photons interaction with air atoms.

For quantifying the maximum fluence rate and subsequently the radiotherapy quality with air
gap under Linac head, we have proceeded to establish a symmetrical sigmoidal law for
predicting the variation maximum of photon fluence rate. The formula 2 gives the
mathematical law (symmetrical sigmoidal) to assess the maximum fluence with air gap
thickness.

7.791075 + 2.64 1077

t
1+ (5)1.75

O(t) = —2.6410 7 +

3)

Where t is the air gap thickness

Figure 7 gives the symmetrical sigmoidal law variation of maximum photon fluence rate and
the associated error as a function of air gap thickness.
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Figure 7: Maximum fluence rate variation as a function of off-axis distance (left) and the error as a
function of off-axis air gap thickness (right).

It can be seen from Figure 7 that the maximum fluence rate varies as a symmetrical sigmoidal
law with air gap thickness. At the beam edge, this mathematical law can reproduce the
maximum fluence rate variation as a function of air gap thickness with an error under to 4%
(Figure 7).

IV. Conclusion

At the beam edge, the photon beam quality is studied and investigated with air gap thickness
for irradiation field size of 10x10 cm?. The radiotherapy quality is depending on photons
number distribution inside the radiation field size. The air gap under Linac head decreased
strongly the photons fluence; therefore, the dosimetry quality will be deteriorated by
decreasing the delivered dose in addition to particles contamination number which increased.
So, the radiotherapy quality will be deteriorated at the patient’s skin.

To predict theses alterations, we have established a mathematical sigmoid law to describe
how photon quality is altered by air gap under Linac head. This sigmoid law allows us to
know and to predict the maximum fluence rate variation at the beam edge with off-axis
distance and with air gap thickness with an error under to 4%. Our study about the beam
quality is a part of many studies were done about the beam quality in radiotherapy treatment
[26, 27]. In perspective, we will evaluate quantitatively these impacts in term of how much air
gap will reduce the delivered dose in radiotherapy treatment.
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