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ABSTRACT

Background: Producing the ideal therapeutic electron beams from a clinical linear
accelerator (Linac), is crucial to optimize dose delivery in radiotherapy. The aim of this
study was to investigate the properties of electron beams with and without the
scattering foil. Materials and Methods: Varian Linac 2100CD head was simulated by
means of MCNPX-2.7 program. After validation with measured data, scattering foils
were removed and then different dosimetric properties of 6 and 9 MeV electron
beams such as depth dose percentage, dose profile, range, surface dose, dose rate
and photon contamination were calculated and compared for field sizes ranging from
0.25%0.25 to 10x10 cm? in three states with primary and secondary scattering foil (SF),
without primary scattering foil (PSFF) and without primary and secondary scattering
foil (SFF). Results: By removing the scattering foils, dose rates and surface doses were
increased more than 25 times in 0.25x0.25 cm? field, and in the bigger fields, it was
less in 10x10 cm? field, almost 4 times and the photon contamination is reduced by
20% times in 0.25x0.25 cm? field. Also, Adjacent organs receive a lower dose, Because
the dose profile curve was shrieked, it was almost 1cm in field 2x2 cm? and less than
1cm in other fields. The dose profile flatness was diminished in scattering foil-free
(SFF) mode which is not crucial for the small fields. Conclusion: Removing scattering
foil improves dosimetric properties of electron beams specially to treat the superficial
tumors and for the small field radiotherapy.

INTRODUCTION

Electron therapy is widely used in the treatment
of superficial and irregular malignant cancers such as
skin, nose, eyelids or scalp, etc. Clinical electron beam
has advantages of the uniformity of the dose in target
volume and reduction of the dose to the distally
located organs at risk (OARs) behind the target
volume (1-3). Deviation and scattering of the beam,
contamination and penetration of the beam deeper
than the target volume are the limiting factors for
ideal radiation therapy 4-7). The production of ideal
electron beams poses a challenge for accelerator
manufacturers to trade-offs between desirable (steep
fall off, flatness) and undesirable features (photon
contamination and applicator leakage) & 9 For this
purpose, many studies investigated the components
of the head of the device, including the presence or
absence of falttering filters and scattering foils and
applicators their dimensions and positions, and their
materials (2 10-13). Akbarpour et al simulated using
mcnpx code an energy spoiler Perspex was modeled

for degrading 4 MeV electron beam of Varian 2300
CD Linac. They found that using a 3mm spoiler would
reduce the surface beam output to 77% and the
surface dose for a 10mm filter would be 93%. Dmax
and Rp are reduced which is useful for skin treatment
to minimize the dose to deeper tissues (14, Titt et al.
evaluated the Varian 2100 accelerator without
filtering filter using Monte Carlo code. Their results
showed that in the system without flattering the filter
dose increased significantly, which reduced the out-of
-field dose to patients due to reduced head-leakage
dose (15). Wakabayashi et al evaluated the safety and
efficacy of a real-time variable shape rubber (STR)
containing tungsten that can be placed on the
patient's skin. They obtained experimentally and
simulated electron beam profiles with STR placed on
a low-melting-point alloy (LMA) water-equivalent
phantom in the applicator (field sizes: 20 and 40 mm
diameters), and The results showed that by using
STR, the amount of photon pollution and Rioo and
Penumbras at the surface is reduced(16).

The scattering foil component implemented in
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linear accelerator (Linac) head was used to spread
out the narrow electron beam to form different field
sizes at varieties of surface-source distance (SSD) and
maintains the flatness of dose profile at different
depths (17.18), Present of scattering foil in the beam
line attenuate and scatter the electron beam and
decrease the electron fluence and constantly
decrease the delivered dose at the depth of tumor.
This indirectly increase the exposure time to
deliver descripted dose to the target volume (9.
Furthermore, interaction of the electron beam with
scattering foil produce bremsstrahlung photons that
contaminate the impinging therapeutic electron
beam (20). More than 90% of contaminant photons is
generated in Linac head and the scattering foil is
responsible as the major contributing component.
These contaminant photons due to their penetration
perturbs the dose distribution of electron beam and
deposit undesirable dose to healthy tissues and
increase the side effects such as an increased risk of
secondary cancer (21-23), To solve this problem, some
researchers investigated the beam parameters in
removing the scattering foil. Eldib et al modeled and
simulated scattering foil free electron beams using
the Monte Carlo method and observed the dose was
increased and a significant reduction of photon
pollution by removing the primary scattering foil (4.
Other researchers reported a reduction of the
Bremsstrahlung tail dose by a factor of 12.2, 6.9, 7.4,
7.4, and 8.3 for 6, 9, 12, 16, and 20 MeV beams,
respectively, for 2x2 cm? by removing the scattering
foil from the beam line (1.

The Monte Carlo method is widely used in
radiation therapy due to its accuracy in calculating
the interaction of neutrons, electrons, photons and
heavy ion beams with materials. One of the methods
to determine the character of the electron beam is to
simulate the transfer of particles through the head
treatment using the Monte Carlo technique * 25.26),
especially in small fields where there is a lack of
electron lateral scatter equilibrium and more
accurate dosimetry is required (3.27.28),

In previous studies, the complete quantitative
data of the scattering foil affecting the dose
distribution of the electron beam, which is very
important for the modification of the linac head, has
not been reported. Although, Sung simulated free foil
scattering beam parameters of the Clinac iX using the
BEAMnrc code and reported the Rso parameter and
photon contamination for a 2x2 cm? field (29). It seems
that there may be differences in the dosimetry
characteristics of different commercial linacs due to
differences in the materials and geometries used in
the head structure. To have full quantitative data
about the scattering foil-free beam to evaluate its
potential for the clinical applications, a Varian
2100CD photon linear accelerator was simulated
using the MCNPX2.7 code. Dosimetric properties,
including central axis absorbed dose, beam profiles,

dose rate, photon and electron flux, and off -axis
doses were calculated for different field sizes from
0.25x0.25 cm?2 to 10x10 cm?.

MATERIALS AND METHODS

The PPDs and dose profiles of 6 and 9 MeV
electron beams of 2100CD Varian Linac were
measured by 0.13 cm3 ionization chamber (PTW,
Freiburg, Germany) with DOSE1 electrometer
(Scanditronix -Wellhofer, Germany). The
measurements were carried out at source to surface
distance (SSD) of 100 cm in a IBA -Blue water
phantom (IBA dosimetry Schwarzenbruck, Germany)
with dimensions of 50 cm3 and were processed by
dosimetry  software  of  RFAplus  (Version
5.2, Scanditronix - Wellhofer, Germany). Each
measurement was repeated three times with
precision of £0.2%. The international atomic energy
agency (IAEA) protocol, TRS -398 were followed
during dose measurements.

The head treatment components of 2100CD
Varian Linac B39(Varian Medi-cal Systems, Palo Alto,
CA, USA) for 6 and 9 MeV electron beams including
primary collimator, beryllium window, primary and
secondary scattering foil, ionization chamber, mirror,
secondary collimator and applicatorG) was
simulated by MCNPX-2.7 code 32). The ENDF/B VIII.0
library based on ACE data was used to transport the
radiation (33). The geometry and composition of the
materials of each component was were simulated
based on manufacturer-provided information. The
cut-off energy of the photons was considered to be 10
KeV and for the electrons 700 KeV. Percentage depth
doses (PDDs) and dose profiles were calculated and
compared for three modes of SF, PSFF, SFF in water
phantom with dimensions of 50x50x50 cm3 at SSD of
100 cm. The resolution for scoring of dose was
considered as 1 mm. for validate the Linac head, the
statistical uncertainty in PDDs and dose profiles
compared to the measured data was considered less
than 3% in 3 mm. Execution time was between 12 to
35 hours and was done in parallel with a virtual
server (intel Xeon e5-2697 v3, 24 core).

After validation and calculation of PDDs and dose
profiles, characteristics of produced electron beams
such as Rp, Rso, Eo, Epo, dose ratio and surface dose as
well as particle flux and energy flux were calculated
and compared to the standard mode of SF. The mean
energy value (Eo) and the most probable energy (Ero)
is calculated by equations (1) and (2) G4.

Eo = 2.33Rs0 (1)
Epo = 0.22 + 1.98R, + 0.0025R2, (2)

Dose ratio was obtained by dividing the maximum
dose of PSFF and SFF beams by the maximum dose of
SF beam (equation 3).
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Dose Ratio =Dmaxpsrr or srr/ Dmaxsr (3)
The amount of increased surface dose was

obtained by dividing the surface dose of PSFF and SFF

beams by the surface dose of SF beam (equation 4).

Increased surface dose = Surface dose (PSFF or SFF)/
Surface dose (SF) (4)

As well as particle flux and energy flux with F4,
*F4 in all three modes was calculated. To calculate
the Bremsstrahlung photon contamination of the
radiotherapy device head components and air, an air
layer with dimensions of 50x50x0.1 cm3 on the
surface of the phantom with zero photon importance
(imp 0) was considered and the obtained PDD was
compared with the previous case. A cylinder with a
radius of 0.5 cm and a height of 1 mm in the center of
the field and outside the field is considered to study
the electron and photon flux in the state before and
after removing the foils for the desired fields at 6 and
9 MeV. To investigate the electron and photon flux to
the surface after the scattering foil, a cylinder with a
radius of 0.5 cm and a length of 7 cm perpendicular to
the central axis was considered and divided into
voxels 0.1 mm thick. Relative dose errors (dose
uncertainty per voxel) were less than 2% per
simulation. OriginPro 2019 program was used to
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analyze the simulation data (3.

RESULTS

For the standard mode of SF, the incident electron
beam with asymmetric Gaussian distribution with
right full width at half maximum (FWHM) energy
spectra of 2.5 and 2.2 MeV and left FWHM energy
spectra of 1.5 and 2 MeV were used to gain the best
agreement between the measurements and MC
calculations for beams of 6 and 9 MeV, respectively
(36.37), The results for benchmark the linac’s head only
for field size of 10x10 cm? are shown in figure 1. The
maximum relative error of MC calculations was <1%
and <0.5% for dose profile and PDD curves,
respectively, that were less than the recommended
value of 2%. The estimated gamma index (<1)
confirms that the MC calculated and measured PDDs
and dose profiles are in good agreement. These
negligible differences may originate from the lack of
information about the initial electron beam,
as accelerator manufacturers rarely provide
information about this important parameter.

The PDDs and dose profiles (figure 2) for 6 and 9
MeV electron beams normalized to the maximum
dose for each fields were calculated for three modes
of SF, PSFF and SFF in SDD = 100 cm.
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Figure 1. MC Calculated and measured PDD and dose profile: (A) and (B) for 6 MeV beam, and (C) and (D) for 9 MeV beam of 10 x
10 cm2 field size.
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A comparison of PDDs and dose profiles
normalized to the maximum dose of SF mode and
profiles dose normalized to the maximum dose at
energy 6 MeV for 0.25 x 0.25, 2 x 2 and 10 x 10 cm?
fields can be seen in figure 3. After removing the
scattering foil, the absorbed energy increased and the
amount of this increase can be seen in the PDD
curves.

The maximum dose range (Rmax) and Rso has
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Figure 2. (A, B, C) PDD curve and (D, E, F) curve of electron beam dose profiles at energy 6 MeV and (G, H, I) PDD curve and (J, K, L)
curve of electron beam dose profile fields for energy 9 MeV, Normalized to maximum dose depth, in the presence of scattering foil
(with foil), in the absence of primary scattering foil (with one foil) and in the absence of primary and secondary scattering foil
(without foil).

increased in fields larger than 2x2 cm? after the
removal of scattering foils, while in fields smaller than
2x2 cm?, it has become closer to the surface. The Rp
obtained in SFF mode increased compared to the
other two modes. Rso did not depend on the presence
or absence of primary scattering foil and field size.
Table 1 summarizes the characteristics of energy 6
MeV and table 2 summarizes the characteristics of
energy 9 MeV.
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Figure 3. Comparison of (A) PDD curves and (B) profiles dose normalized to the maximum dose of SF mode, (C) profiles dose
normalized to the maximum dose of SF mode of, (D) PDD curves and (E) profiles dose normalized to the maximum dose of SF mode,

(F) profiles dose normalized to the maximum dose of SF mode, (G) PDD curves and (H) profiles dose normalized to the

maxi-

mum dose of SF mode, (I) profiles dose normalized to the maximum dose of SF mode of in three modes (SF,PSFF,SFF) at 6 MeV.

Table 1. Beam characteristics of scattering foil free electron
beams in the presence of scattering foil, in the absence of
primary scattering foil and in the absence of primary and

Table 2. Beam characteristics of scattering foil free electron
beams in the presence of scattering foil, in the absence of
primary scattering foil and in the absence of primary and

secondary scattering foil at energy 6 MeV. secondary scattering foil at energy 9 MeV.

Field size(cm?), 6 MeV |Rso(cm)|Rp(cm) Rmaxlcm)] Eo Epo Field size(cm®), 9Mev |Rso(cm)|Rp(cm) [Ruax(cm)| Eo Epo
With Foil | 2.59 | 1.96 | 0.55 |6.03 |4.11 With Foil | 2.28 | 3.23 | 0.65 | 5.31 |6.64

0.25x0.25 [With one Foill 1.68 | 2.69 | 0.45 |3.915.56 0.25x0.25[With one Foil| 2.15 | 3.13 | 0.55 | 5.0 |6.44
Without Foil| 1.70 | 2.96 | 0.55 | 3.96 | 6.10 Without Foil | 2.16 | 3.44 | 0.55 | 5.03 |7.06

With Foil | 2.31 | 2.95 | 0.95 |5.378[6.083 With Foil | 2.86 | 431 | 0.85 | 6.67 |8.80

0.5x0.5 |With one Foil| 2.16 | 3.05 0.85 [5.04]6.28 0.5x0.5 (With one Foil| 2.73 | 4.39 0.75 | 6.36 [8.96
Without Foil| 2.21 [ 3.12 | 0.65 |5.154(6.422 Without Foil | 2.61 | 4.62 | 0.65 [6.072[9.42

With Foil [ 2.34 [ 2.97 | 1.25 [5.443[6.123 With Foil [ 3.377 | 455 | 1.45 |7.87 |9.28

1x1  |WithoneFoil| 2.25 | 2.92 | 1.15 [5.2476.023 1x1 |Withone Foil| 3.17 | 442 | 0.75 |7.39|9.02
Without Foil| 2.43 | 3.19 | 0.95 |5.66 |6.562 Without Foil | 3.18 | 4.73 | 0.85 | 7.42 [9.64

With Foil | 2.33 | 2.9 | 1.35 |5.438/5.98 With Foil | 3.55 | 4.4 | 145 |8.27 |8.98

2x2  |Withone Foil| 2.30 | 2.9 | 1.25 [5.368[5.98 2x2  |With one Foil| 3.45 | 443 | 145 | 8.04 |9.04
Without Foil| 2.51 | 3.18 | 1.25 |5.866.54 Without Foil | 3.383 | 4.67 1.25 | 7.88 |9.52

With Foil | 2.35 | 2.93 | 1.25 |5.47 [6.043 With Foil | 3.65 | 445 | 2.05 |8.51 |9.08

4x4  |With one Foill 2.29 | 2.86 | 1.25 |5.34 |5.903 4x4  |With one Foil| 3.58 | 4.39 | 2.15 | 8.34 |8.96
Without Foil| 2.52 | 3.14 | 1.45 |5.881[6.462 Without Foil | 3.87 | 467 | 2.35 |9.01|9.52

With Foil | 2.35 | 2.92 | 1.25 [5.476[6.023 With Foil | 3.63 | 441 | 2.15 |8.46 |9.0

6x6  |With one Foil| 2.27 | 2.83 | 1.35 |5.298]5.84 6x6  |With one Foil| 3.59 | 4.36 | 2.25 |8.36 |8.90
Without Foil| 2.52 | 3.12 | 1.45 |5.859/6.422 Without Foil | 3.88 | 4.65 | 2.35 |9.03 |9.48

With Foil | 2.32 | 2.88 | 1.25 |5.415.94 With Foil | 3.63 | 439 | 2.05 | 846 |8.96

10x10 |With one Foil| 2.24 | 2.82 | 1.25 |5.23]5.82 10x10 |With one Foil| 3.57 | 434 | 2.15 | 8.32 |8.86
Without Foil| 2.49 | 3.1 | 145 |5.79 [6.382 Without Foil | 3.85 | 4.63 | 235 |8.96 [9.44
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As can been seen in figure 4 and table3, dose ratio
was increased significantly in small fields for SFF
beams. Dose ratio was 28.425 and 4.492 in 0.25 x
0.25 cm2field and 1.41 and 3.99 in 10 x 10 cmZfield
at 6 MeV for PSFF and SFF modes, respectively; the
related data for 9 MeV beam was 22.59 and 4.28 and
4.33 and 1.55, respectively.

The increased surface dose was higher in SFF
beams than PSFF. As can be seen from figure 5 and
table 3, the increase of surface dose was 32.53, 4.65,
4.04 and 1.42 for SFF and PSFF and for 0.25x0.25 cm?
and 10x10 cm?field at 6 MeV beam, respectively. For
9 MeV, it was 4.5 and 23.96 for 0.25x0.25 cm? field
and 4.38 and 1.55 for 10x10 cm?2 field.

The dose in depths beyond the Rp is
predominantly due to photon contamination. From
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figure 1, the amount of this unwanted dose from the
photon contamination in fields smaller than 2x2 ¢cm2
is greater than in larger fields. It is noticeable that
Bremsstrahlung photon contamination is not just at
the curve tail (which indicates a deep absorption be-
yond the range of electrons), this contamination is in
all areas and causes an increase in the dose in the
target area and before that. By removing the photon
contamination by considering zero photon im-
portance (imp: p 0) at surface of phantom, dose re-
duction due to diminish of contaminant photon after
removing the scattering foils compare to standard
field was calculated; the related data in the field of
10x10, 1x1, 0.5x0.5 and 0.25x0.25 cm? at energies of
6 can be seen in figure 6. This reduction rate is great-
er in small fields than in larger ones.

Table 3. Surface dose and dose ratio, in the absence of primary scatter-

ing foil and in the absence of primary and secondary scattering foil at
304 6MeV
A energy 6 and 9 MeV.
251 ; ing foi o 6MeV 9MeV |
—=— With one scattering foil 2
—e— Without scattering foil Field size(cm’) DoseRatio|SurfaceDose|DoseRatio|SurfaceDose
2 With one Foil| 4.492 4.65 4.28 4.5
©
; 0.25x0.25 Without Foil | 28.425 32.53 22.59 23.96
3 0.5x0.5 |With one Foil 4,78 5.45 4.26 4.46
Without Foil 27.3 31.93 21.7 23.26
1x1 With one Foil 4.57 5.145 4.12 4.39
Without Foil 25.64 29.86 19.5 21.22
22 With one Foil 4.6 4.8 3.65 3.75
Without Foil 22.07 24.37 14.6 15.22
Field size (cm?) axd Wllth one Fqnl 3.6 3.057 2.45 2.39
25- 9 MeV Without Foil [ 11.2 1139 7.9 7.77
B exg | With one Foil| 2.09 2.06 1.87 1.83
204 Without Foil 6.64 6.85 5.71 5.6
with i o lox1o |With one Foill 141 1.42 1.55 1.55
—=— VVIth one scattering 1ol . .
.5 e Without scattering foil Without Foil 3.99 4.04 4.33 4.38
35 6MeV 25 9MeV
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Figure 5. The increased surface dose for PSFF and SFF modes; (A) 6 MeV,
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Figure 7 shows the flux of incident electron beams
and photons to the surface under the scattering foil
and it was observed that the presence of the
scattering foil decreases the electron flux and
increases the photon flux and is effective in their

6MeV

—a— With Scattering Foil Electron

scattering. The incident electron and photon flux can
be seen in the central axis and outside the fields of
0.25x0.25 cm? at energy 6 MeV, in the presence and
without the presence of the scattering foil on the
surface of the phantom in figure 8.

9MeV

‘E 1 —e— Without Scattering Foil Electron NE —=—With Scattering Foil Electron
K 3 A —a— With Scattering Foil Photon o 14 B —e— Without Scattering Foil Electron
Q0 —v— Without Scattering Foil Photon 2 —A—With Scattering Foil Photon
] o —y—Without Scattering Foil Photon
£ 014 T 014
Figure 7. Electron and e =
o (5]
photon flux at downward g 0014 g 0014
. 3 3
surface of the scattering < < 0.001
. . . - 3 o v 3
foil with and without the £ 2
. . < <=
scattering foil; (A) at 6 & 1E-44 % 1E4
c c
MeV (B) at 9 MeV. © ©
§ 1E54 S 1E-54
k3] ki
o ]
i 1E-6 T ; T T T T : u 1E-6 : . T T T T : .
4 3 2 10 1 3 4 4 3 2 4 0 1 2 3 4
Depth (cm) Distance of central axis (cm)

Field size 0.25%0.25 cm?2,9 MeV

Field size 0.25x0.25 cm?,6 MeV Field size 0.25%0.25 cm?, 6 MeV

104 —— SF On the central axis A 1.0+ 1.0 4 . e
o~ — — SFF On the central axis — { B —— SF On the central axis __ _ _:i:gﬂﬁ:z::::;;';s c B I
g - SF Out of Field e 08 i — — SFF On the central axis ‘g . SF Out of Field
L i N o 084; . ) i
2084 o SFF Out of Field 2 i - - SFoutofField fosy T SFF Out of Field
@ @ H LD SFF Out of Field @
g g 1 g
S o064 g b 20.6 -|
= = H =
c .
9 g | 3
g 044 S i 8%
i " o B w

0.2 4 o 0.2

ool s . - 0.0 i ; oL

0 1 2 3 4 5 6 6 0 2 4
Energy (MeV) Energy (MeV) Energy (MeV)
Field size 0.25x0.25 cm?,9 MeV
1.0 -
i D
«— i —— SF On the central axis
E 0.8 4 i — — SFF On the central axis
= - SF Out of Field
3 }- ~~~~~~~ SFF Out of Field .
S Figure 8. The photon and electron energy flux reached to phantom surface on the
3 . . . . .
= central axis and different off-axis distances at SSD =100 cm. For 0.25 x 0.25 cm2 field
o
5 (A), (B) at energy 6 MeV, (C), (D) at energy 9 MeV.
o
ALY e

Energy (MeV)
DISCUSSION

The PDD and profile curves for fields from
0.25x0.25 to 10x10 cm? are shown in figure 2. The
shape of the profile was similar in all three cases (SF,
PSFF, SFF) in fields smaller than 2, it was not smooth
in all three cases, that is similar to the results was
reported by Song et al (29 and it was contradictory
with Eldib et al's results 24. Sung stated that the
reason is due to the size of the field. We guessed that
the way the mirror is placed in the shape of the dose
profile is effective in small fields, so by removing the
mirror in 0.5x0.5 cm? field in energies 6 and 9 MeV, it
was observed that in SFF, swerving of the dose
profile is reduced and becomes more symmetrical,
which can be seen in figure 9. But the shrinkage of
the profile dose in small fields will be suitable for the

safety of organs at risk. This shrinkage in the SFF
mode in fields 2x2 cm? is more than other fields, up
to about 1 cm in the falloff part of the curve. At fields
greater than 2x2 cm?, the shrinkage decreases and as
seen in figure 3 (H), this shrinkage is only at the
edges of the field. This effect is less at 6MEV energy.
As Eldib et al removed the scattering foil and Vassilie
et al removed the flattering filters and showed that
flat profiles have more changes at greater depth due
to greater changes in beam quality with the distance
from the central axis.(16.24) Comparison of PDD curves
in figures 3A, D and G shows that The dose increased
by removing the primary scattering foil (about 5
times in the 0.5 x 0.5 cm? field and about 1.2 times in
the 10x10 cm? field), but by removing the primary
and secondary foils, the increase reached about 25
times in the 0.5x0.5 cm? field and 4.5 times in the
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10x10 cm? field, and it can be due to the fact that the
scattering foils block electrons with lower energy,
while in the absence of that, these electrons hit a
target.

Field size 0.5x0.5 cm?, 6 MeV
—— SF With mirror

DA%

—— SF Without mirror

100
80 4
60 -
40
i 204

4 2 0 2 4
Depth (cm) Depth (cm)
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Figure 9. Dose profile symmetry with mirror removal in field
at MeV (A) 6 and (B) 9 MeV energies.

From table 1, 2, Rso and Rmax approaches the level
in fields smaller than 4x4 cm?, which can be because
the contribution of electrons with higher energy is
less or, due to the reduction of photon contamination,
a lower dose will be delivered, which will result in an
increase in the surface dose (figure 5, table 3), but
this is not the case in fields 4x4 cm?, 6x6 cm? and
10x10 cm?. As shown by Eldib et al. 24 this result is
inconsistent with Connells’ results, which can be the
reason for the presence of Few-Leaf Electron
Collimator and applicator in their simulation after the
foil removal (). By removing foils, the maximum dose
range (Rp) increased, because the presence of foils
weakens the electrons, so their penetration depth
will be less compared to the presence of scattering
foils (29). According to formula (2), Epo changes are
the same as Rp and increases with the removal of
scattering foils, and field 1x1 cm? range has the
highest value and its value does not depend on the
size of the field. The surface dose also has a

significant increase, especially in fields smaller than
2, this advantage will be wuseful for surface
treatments, but for the treatment of deep tumors, the
skin dose should be considered. Increasing the dose
ratio by removing the primary and secondary
scattering foils has a significant increase in fields
smaller than 2x2 cm?2 (table 3 and figure 4) By
increasing the dose ratio, the treatment time will
decrease, which is one of the advantages of removing
the scattering foils. As it was reported that by
removing the flattering filters, the surface dose and
dose ratio increase(2038),

It can be seen from figure 2 that by removing the
scattering foil, the absorbed dose decreases in the tail
of the curve. In the field of 0.5%x0.5 cm?, it decreases
from 22% to below 1%, that is caused by the
reduction of photon pollution at depths beyond the
range (Rp) (1. 24. The amount of contamination in
smaller fields is higher than in larger fields, that
seems to be caused by the collision of electrons with
the edges of the collimator and the production of
photons, which causes more flux of photons to enter
the target and increases the dose (21). In general, SFF
beams have less contamination and its effect is
greater for fields smaller than 2x2 cm2. But it is
worth noting that the Bremsstrahlung pollution is not
only in the tail of the curve, but in all parts of the
curve and causes an increase in the dose. This
increased dose at the tumor site can be beneficial. It
can be seen from figure 6 that the dose difference of
the SF curve with and without considering the
photon in the field of 0.25x0.25 cm2 at energy 6
increases to 28% and reaches 2% in the absence of
scattering foils, which indicates the large
contribution of scattering foils to photon pollution is
compared to other components. Klein et al
investigated the amount of photon pollution by
changing the design of the foils, and observed that
the new double foil systems, that are thicker and disk
-shape placed on the lower foils, increase the photon
pollution (by a factor of 2) (®. By changing the
thickness and spacing of the scattering foils, Bieda et
al. reported that the dose rate in the falloff section
changes to a large extent, which indicates changes in
the dose contribution due to the Bremsstrahlung
component 39, The changes in electron and photon
flux of SF and SFF beams can be seen in figures 7 and
8.

Figure 7 shows the flux in the lateral distance
from the central axis that reaches the surface under
the scattering foil in the presence and absence of
scattering foils. In the absence of scattered foils, the
curve is narrower and the amount of electron flux is
higher, that confirms the performance of the foils in
scattering and weakening and blocking electrons, and
also the decrease in the amount of flux also indicates
the reduction of Bremsstrahlung contamination.

Figure 8 shows that the electron flux increases in
the central axis after removing the foils, but the
electron spectrum decreases, the electron flux
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outside the field decreases due to the reduction of
scattering, and the photon flux in the central axis and
outside the field due to collision Electrons are added
to the scattering foils and produce bremsstrahlung.
The absence of foil causes the electron flux to
increase by 18.9 times in the field of 0.25x0.25 cm?,
but the photon flux is reduced by half, and in field
2x2 cm?, this increases by 2.66 times for the electron
flux and decreases by 0.53 times for the photon flux.
After removing the flattering filter, the photon flux
increases, according to the results reported by
Mesbah et al, the photon flux flatting filter free(FFF)
increases by 1.4 times (29). In another study, the flux
rate was reported as 1.25. 35 These results are
consistent with the increase of electron flux while the
primary beam is electron (15),

CONCLUSION

By removing the scattering foils dose ratio and
surface dose to the presence of foils significantly
increased, photon contamination is reduced
compared to the presence of foils, which can be
desirable to prevent the increase in dose caused by
the photons produced. Also, the penumbra was
reduced due to the shrinkage of the dose profile,
which means that the around organs are less exposed
to dose absorption. due to the increase of the dose
rate reduced the curing time. Therefore, foil removal
in small fields and surface treatments will be more
efficient.
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