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Abstract

Objective: The main purpose of this study is to calculate the effective source to surface distang® ¢SSDall and

large electron fields in 10, 15, and 18 MeV energies, and to investigate the effect of SSD on the cutout factor for
electron beams a linear accelerator. The accuracy of different dosimeters is also evaluated.

Materials and methods: In the current study, Elekta Precise linear accelerator was used in electron beam energies of 10,
15, and 18 MeV. The measurements were performed in a PTW water phantom (model MP3-M). A Semiflex and
Advanced Markus ionization chambers and a Diode E detector were used for dosimetginS%D, 105, 110, 115,

and 120 cm SSDs for 1.5 x 1.5%itn 5 x 5 crf (small fields) and 6 x 6 chto 20 x 20 crh (large fields) field sizes

were obtained. The cutout factor was measured for the small fields.

Results: SSD in small fields is highly dependent on energy and field size and increases with increasing electron beam
energy and field size. For large electron fields, with some exceptions for the 20 % fieldmthis quantity also
increases with energy. The SgWas increased with increasing beam energy and field size for all three detectors.
Conclusion: The SSD varies significantly for different field sizes or cutouts. It is recommended that;S%D
determined for each electron beam size or cutout. Selecting an appropriate dosimetry system can have an effect in
determining cutout factor.
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Introduction predicted using the effective or virtual source location and the
inverse square law applied to the effective SSD @SD

The International Commission on Radiation Units and
Measurements (ICRU)efines the “virtual poinsource as a

Electrons are usually used for radiotherapy of superficial
tumorsat a standard source to surface distance (SSD) of 100
cm. Because of curved and irregular body contours, most source which when placed in vacuum at some dist&y
patients are treated at extended SSDs. When the treatment is . P . R e

. that lies away from the scattering foil, will produce electrons
performed at an extended distance, the output of the electron

and the percentage depth dose (PDD) must be corrected on the\zNhICh obey thenverse square law, and a mean-square angular

. . . spreadd’;". For radiation dosimetry and treatment plannin
basis of the inverse square law of distance from the source P v o y b g
. purposes with clinical electron beams, accurate knowledge of
position of the electron. As the electron beam comes out of the . . L . .
: . . . the location of the virtual source is critical. With changes in the
accelerator window, it undergoes complex multiple scattering . . .
. . . o . electron gun and the aging condition of the linear accelerator
in the scattering foil, the ionization chambers, collimators, the ) e .
. . . and electron applicators, it is very important to reassess the
electron applicators, shields at the end of applicators, and theSSQ
air. The position of the scattering foil cannot be assumed as the fr
nominal source position and the output should be corrected
accordingly. In such situations, the output can be accurately
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There are different ways to measure §5guch as Full Width
at Half Maximum (FWHM), Inverse Slope (IS), and Power
Law (PL) methodd. The FWHM method is based on
measurement of the FWHM of beam profiles, obtained with
photographic films used in clinical radiotherapy, as a function
of the nominal source to film distance. The IS method is based
on dose measurements at small
applicator end and phantom surface (e.g., up to about 20 cm
gap). Supposing thétis SSQ, |, the dose at zero gap, ahd
the dose at gap, then, by plotting the square root lgfly as
function the gap (cm), a straight line is obtained. The slope of
this line is 1 (f+ d,), and thenf=(1/slope) —d,, gives the
position of the virtual source. The PL method is based on
finding an exponentb that fits a power functionR=a
(SSD)+b. The values o& andb are determined from the least
square fitting

Small cancer lesions are usually treated with electron beams
of a linac. For this purpose, electron cutouts can be made
customized, based on the tumor size and shape of a specifie
patient. Dosimetry of such small electron fields should be
accurate and includes dosimetric measurement with appropriate
dosimeters for small field dosimetry. However, the loss of
lateral electronic equilibrium within small fields introduces
limitations in accurate dosimetry for such fiefd&merican
Association of Physicists in Medicine (AAPM), in the report
by Task Group number 25, has recommendations on electron
beam dosimetry, especially for small electron fiél@ased on
this report, due to inherent problems in the existence of
electron equilibrium in small electron fields, custom

measurements should be performed to determine the change ir[J

dose distributions in small electron fields.

Various studies have compared the results of different
methods for obtaining SSR Jamshidi et al.showed that the
measurement of SSP using FWHM and multi-pin-hole
camera methods have the same results in large field electron
beams at an energy greater than 15 MeV. The results of that
study have shown that the ISL and PL methods have the sam
results for all electron energies and field sizes. Al Asmary et
al® reported the dependency of S$n the field size and
electron beam energy. Their study showed that the results from
the ISL and IS methods are consistent. Shafaei Douk ‘et al.
showed that the calculated SgDvalues depend on beam
energy and field size. For specific energy, the value of.8SD
increases with the increase of field size. Furthermore, for a
special applicator, with an increase of electron energy, the
value of SS¥ increases. Variation of SgPvalues versus a
change of field size in certain energy is more than the variation
of SSOy versus a change of electron energy in certain field
size. Tahmasebi Birgani et %ldetermined the SSP of
electron beams from a Varian 2100 CD linac. In that study,
electron energies of 4, 6, 9, 12, and 15 MeV, electron
applicator size of 20 x 20 drmominal SSDs of 97 to 113 cm,
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and air gaps of 2 cm to 18 cm were studied. Measurements
were performed using a 0.13 cc Farmer ionizing chamber.
Their results have shown that, in a certain PDD and depth,
SSDy increases with energy.

While different studies have been performed on
determination of SSL for electron beams, the effect of SSD

distances between theon cutout factor and the results of SgDfor different

dosimeters have not been evaluated. The aim of this study is to
calculate the SSIR of small and large electron fields at
energies of 10, 15, and 18 MeV, and to investigate the effect of
SSD on the cutout factor for small fields for a linear
accelerator. The accuracy of different dosimeters is also
evaluated for the measurement of $&D

Materials and methods

In the current study, SSP was determined for an Elekta
Precise linear accelerator in electron beam energies of 10, 15,
nd 18 MeV. SSE for 100, 105, 110, 115 and 120 cm SSDs
IN15x152x%x2,25%x25,3%x3,35%35,4%x4,45%x45,5

x 5,6 x 6,10 x 10, 14 x 14 and 20 x 20°dield sizes were
measured. The cutout factor was measured for small electron
fields. The measurements were performed in a MP3-M water
phantom (PTW, Freiburg, Germany). Semiflex 3D (type
31021) ionization chamber (PTW, Freiburg, Germany), and
Advanced Markus electron chamber (PTW, Freiburg,
Germany) and Diode E (PTW, Freiburg, Germany) were used
for dosimetry. The sensitive volumes of these detectors are
0.07 cni, 0.02 cnt and 0.03 mr) respectively.

The electrometer for reading the detector responses was &
NIDOS E electrometer (PTW, Freiburg, Germany). These
detectors were calibrated by a secondary standards dosimetry
laboratory (SSDL) which was traceable to the Atomic Energy
Organization of Iran (AEOI). The irradiations were performed
by 100 monitor units (MUs). Cutouts were placed at the end of
the 6 x 6 crhapplicator. Large fields were also evaluated with

6 x 6 cnf, 10 x 10, 14 x 14, and 20 x 20 Tapplicators. In

e

this study, the material of cutouts was cerrobend. Cerrobend is
a low-melting alloy consisting of tin (13.3%), lead (26.7%),
bismuth (50%), and cadmium (10%). The thickness of the
cutouts was 1 cm and it was enough to have adequate bean
absorption in low and high energy electron beams. The
measurements were performed at the Department of
Radiotherapy of Ayatollah Khansari Hospital (Arak, Iran).

The maximum depth dose for each energy was obtained
using relative dosimetry and then at first, the Diode E detector
was placed at the corresponding depth of maximum dose in the
phantom to measure absolute dose distribution in different
fields. The depth of maximum dosd,.§,) for the energy of 10,

15, and 18 MeV for 10x10 cnfield were 2.2, 2.51, and 2.72
cm, respectively.
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Figure 1. The setup used for measurements including electn applicator and measuring system (a), different SDs (b) and
used cut outs (c)

these three energies. The SgWas measured by varying the
distance of the applicator end to the phantom sar&t 100, SSD
105, 110, 115, and 120 cm SSDs with the air gapoagtin :
this method, ifl, is the dose value at a distance of 0 cmignd SSDa | L / \ L}
is the dose at a distance g@ffrom the end of the applicator to
the phantom surfacé-igure 2), the squared law of distance is
given byEquations 1and2: SSD s

SSD in each of the small and large fields was measated LA A4 T

S8Ds

Io _ SSDeff +dmax+9~2 Eq. 1
Ig SSDeff +dmax

88D 5
By having a root from this formula and some equion, the
following formula is obtained.

Io g ¥ - / R | [ 3
=041 Eq. 2 I
1, ~ SSD g +dmax q : e

Then /1,/1, should be plotted versus The linear plot of

JIo/Ig versus the gap between the applicator end and the
phantom surface in cm, has a slope and this slapebe used
to calculate the SSRaccording tdEquation 3:

Phantom

Figure 2. A schematic illustration indicating different set ups used

L dimax Eqg. 3 for measurements.

slope

SSDefr =

More details on the squared law of distance ansetti@ermulas
were described in the study by Khan et #lshould be noted
that in the measurement g/ I, measurements of both values
of I, andly doses are performed with a single detector. This
guantity has not units. Therefore some conversamtofs can

be eliminated in the numerator and denominatorhef ratio Measurement of cutout factor

and thel,/1, ratio can be assumed as the ratio of readings for a TO measure the cutout factbthe dpay for each energy was
single detector. first obtained, then for example the Diode E deteatas

placed at the correspondindy,,, in the phantom, and the
absolute dose value was obtained for each fieldtHer words,

This process was repeated for the other detecgamiflex 3D
and Advanced Markus) by replacing them insteadhefiode
E detector (using their PTW TRUFIX positioning sys).
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for each energy, the detector was set atifheof the reference
applicator size (6 x 6 cthin that energy. In electron beams,
the variation of thed,.. for the field sizes that have close
dimensions with each other is negligible. Howeu®r,, was
measured for different cut outs, but the resultdgf were
relatively the same.

Cutout factor was obtained for the mentioned emsrgi
according tcEquation 4:

Dfield

Cutout factor = Eqg. 4

ref

In Equation 4 Dyeyq is the dose value in each field abgy is

the dose value in the reference field of 6 x &.cAs it was
mentioned before, cutout factor was obtained foalkfields
(up to 6x6 crf) at 100, 105, 110, 115 and 120 cm SSDs,
Figure 1 (part b). Again, cutout factors for all mention88Ds
were measured with the two other dosimeters (SexidD
and Advanced Markus) with a manner the same am#thod
used for Diode E detector.

Results

As it was mentioned before, S§Dand cutout factor were
measured for the Elekta Precise linac by diffedwgimeters
including a Semiflex and Advanced Markus ionization
chambers and Diode E detector. Values,ff/I, for the
studied fields at 100, 105, 110, 115, and 120 cisS& 10,
15, and 18 MeV energies are presentetdidhle 1. The values
of SSO (in cm) were obtained for the studied fields in 1B,
and 18 MeV electron beam energies using\ﬂﬂ@/_Ig values,
according toEquation 3, and the results are listed Table 2
The SSQy results obtained by measurement by Semiflex and
Advanced Markus ionization chambers and Diode Eedalet
for small and large fields at 10, 15, and 18 Mewt&lon beam
energies are also presentedrigure 3.

The results of the cutout factor, measured bySbeiflex
and Advanced Markus ionization chambers and Diode E
detector, for the small fields (up to 6x6 Jmat electron beam
energies of 10, 15, and 18 MeV at 100, 105, 116, drid 120
cm SSDs are illustrated Figure 4.

Table l.\/:E values for different fields and SSDs at 10, 15, drll8 MeV.
9

Field size (cm)

Energy (MeV) SSD (cm)
1.5%x1.5 2%x2  2.2x2.5 3x3 3.5x3.5 4x4  45%x45 5x5 6%6 10x10 14x14 20x%20
105 1.13 1.11 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.06 1.05 1.05
10 110 1.28 1.24 1.19 1.16 1.14 1.14 1.14 1.14 1.13 111 111 1.10
115 1.46 1.39 1.29 1.26 1.26 1.20 1.21 121 1.20 1.17 1.16 1.15
120 1.65 1.55 1.45 1.36 1.31 1.30 1.28 1.28 1.27 1.22 1.22 1.21
105 1.08 1.07 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.05 1.05 1.05
110 1.17 1.16 1.13 1.13 1.12 1.12 1.12 1.12 1.12 1.11 1.10 1.10
15 115 1.28 1.25 1.21 1.20 1.18 1.18 1.18 1.18 1.18 1.16 1.16 1.15
120 1.39 1.36 1.29 1.27 1.25 1.24 1.24 124 1.25 1.21 1.21 1.20
105 1.07 1.07 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.05 1.05 1.05
18 110 1.15 1.14 112 112 1.12 112 1.12 1.12 1.12 1.11 1.10 1.10
115 1.24 1.22 1.19 1.18 1.18 1.18 1.18 1.18 1.18 1.16 1.16 1.15
120 1.33 1.31 1.27 1.24 1.23 1.23 1.23 1.23 1.23 1.21 1.21 1.20

Table 2. Results of SSE} obtained by Semiflex and Advanced Markus ionizatio chambers and Diode E detector in the studied fietdat 10,

15, and 18 MeV electron beam energies.

10 MeV 15 MeV 18 MeV
Field size (crr) Semiflex Advanced Diode E Semiflex Advanced Diode E Semiflex Advanced Diode E

Markus Markus Markus
1.5 x1.5° 29.55 40.84 28.57 49.66 51.06 48.25 68.32 58.73 57.89
2x 2 35.21 50.00 33.77 55.05 55.72 53.05 71.47 64.49 60.97
25x28 44.63 52.87 43.25 67.02 63.81 65.52 78.05 70.37 72.47
Small field, 3x 3 54.40 59.65 53.05 73.34 72.21 71.56 84.36 80.02 77.93
with the cutout 35x38 64.57 65.95 63.16 80.22 78.88 78.79 85.12 83.59 79.92
4x 4 66.87 68.84 65.37 80.91 80.91 80.82 85.90 84.34 82.03
45x458 69.33 71.45 68.72 81.61 81.61 81.52 86.69 85.10 82.75
5x 8 70.89 74.84 70.79 82.33 82.33 82.24 87.49 85.88 83.49
6 x 6 74.82 77.92 72.99 83.79 83.05 83.70 88.31 87.47 85.00
Large field, 10 x 160 82.65 88.01 81.13 87.67 88.49 85.21 89.99 88.29 87.37
with the applicator 14 x 14 87.99 90.51 86.30 91.92 92.82 90.95 91.74 90.84 90.74
20 x 20 92.24 93.16 90.39 95.62 95.62 93.64 97.58 94.47 92.52
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Discussion

In the present study, SSPof small and large electron fields at
energies of 10, 15, and 18 MeV was determined hacffect
of SSD on cutout factor for small fields was evéddafor a
linear accelerator. The accuracy of different deters was
evaluated with this regard. Based on the resulfBaiole 1, in

each SSD,/I,/I, decreases with increasing field sizfl,/I,
decreases with increasing energy as well. Additigna
Jlo/Ijincreases by increasing SSD in each field sizethisd
change is greater in 10 MeV electron beam energyened to
15 and 18 MeV energies. This change is also mongrthnt in
the smaller square fields compared with the laaes. The
more dominant increase or decrease of this quastivyvs the
more effect of g oq/m and therefore on SSR In larger
field sizes and higher energies, the changes aveesl

As it is evident from the data presented Tiable 2 and

Figure 3, SSOy is dependent on energy and field dimensions

in small fields and increases with increasing fiside and
electron beam energy. In larger fields, these charage less
dominant, and it can be mentioned that the §9bcreases
with an increase in field size. For large electfmids, with

some exceptions for the 20x20 ZTrfield, this quantity
increases with energy. These effects can be dusotne

phenomena including: the higher number of electsmagtered
from the applicator walls reaching the point of suww&ment in
the smaller fields; the higher number of scattexiedtrons in a
forward direction in higher energies; the higheadhéeakage in
higher electron energies; and the difference iar¢dtelectron
equilibrium in different energies for the smalllfiesizes.

The SS (Table 2 andFigure 3) increases with increasing
field size and electron beam energy for all the¢hdetectors
(Semiflex and Advanced Markus ionization chambersl a
Diode E detector). This increase can be expectaibléigher
electron energies since higher energy electrong@®erare
scattered more into the forward direction. A grddoerease in
SSD¢ with increasing applicator size occurs for theeéhr
detectors. This can be justified due to the sdatierof
electrons from the walls of the applicators. Foabrfields, in
10 MeV electron energy, the S§Desults from measurements
by Advanced Markus ionization chamber have higreues
compared to Semiflex and Diode E detectors. In 1&VM
energy, for small fields with dimensions largerrth&x4 cnj,
this trend is not dominant. In 18 MeV electron beamargy for
small fields, the values obtained by Semiflex amesbme
extent higher, and the values from Advanced Markos
Diode E detectors are relatively the same. Foreldiglds, in
10 MeV energy, for the 6x6 dmand 10x10 cifields, the
SSDy values obtained by Advanced Markus chamber isdnigh
than Semiflex and Diode E detectors. In the casdaafe
fields, in 15 MeV energy, the responses of theelttesimeters
are relatively the same and for the 18 MeV casey tare
relatively the same, but there are some minor wiffees in the
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20x20 cm field. The difference in the responses by these
dosimeters can be due to their different sensittleme since
the sensitive volume can have an effect on speesdlution.
Additionally, having a smaller sensitive volumeicounted as
an advantage because there is a higher probalfditythe
existence of lateral electron equilibrium by a derasensitive
volume of a dosimeter. In this case, being compearab the
sensitive volume and the radius required for latefactron
equilibrium is important. The sensitive volume bé tSemiflex
ionization chamber, Advanced Markus ionization chamand
Diode E detector which were used for dosimetryGafs cnf,
0.02 cnf and 0.03 mr) respectively. Additionally, based on
the specifications of these detectors, the mininfiehd size in
which the dosimetry can be performed is 2.5x2.5, cBx3
cn?, and 1x1 crf respectively?’ Therefore, Semiflex chamber
has some uncertainties 1.5x1.5°@nd 2x2 crhfields and the
Advanced Markus for 1.5x1.5 én2x2 cnf, and2.5x2.5 cr
fields. This is also expectable based on the seasiblume of
the detectors since the minimum volume is for Didde
detector. Having a smaller sensitive volume by [Riod
detector is an advantage of this detector overother two
dosimeters. Therefore, for electron beam dosimfrythese
field sizes (1.5x1.5 cm2x2 cnf, and2.5x2.5 cm) the Diode
E detector can be recommended. The small fieldsusedul
more frequently in treatments of superficial legiom head and
neck cancers. On the other hand, large fields anmmally used
as a boost for photon beam radiotherapy on othay bites.
There are several studies that approve diode tdesetor
dosimetry in electron small fields, based on Mo@arlo
simulations of small fields of linads.In this research it was
decided to use a diode as an approved dosimetezldotron
small field dosimetry. It is noticeable that diod&® routine
dosimeters in small field dosimetry because of rttenall
sensitive volume and real-time readout and hightia@pa
resolution but diodes have some disadvantages sash
dependence on energy, dose rate, and directionifl®eBD is
a new dosimeter for photon and electron beamshinag small
sensitive volume and has been designed for axidl radial
beam incidence irradiations, offering greater iy and
helping to reduce positioning errors in the measem setups.
Minimal stem and cable effects for this chambeowalhigh-
resolution profile measurements in axial orientatiddvanced

Markus chamber is also a recommended plane parallel

dosimeter for electron dosimetry. The two laterrabars were
not recommended for small field dosimetry based tlosir
catalogues, but they have some other advantagetedatron
beam dosimetry. Therefore, the results of the ptesteidy are
useful for the evaluation of the advantages andddisntages
of Semiflex and Advance Markus ionization chambersmall
and large field dosimetry, compared to the Diod#eEector.
The results presented for these three detectorbeaiseful
for the selection of an adequate detector for actosimetry
in small electron fields. This condition is encaned in cases
such as damage of a detector, providing a new axsim



Mohamad Reza Bayatiani et al: SSDef and cut out factor - electron beam radiotherapy

Pol J Med Phys Eng 2020;26(4):235-242

system for electron dosimetry, or finishing the edaof
calibration of a detector in a radiotherapy departmin such
cases, substituting an alternative dosimeter canudseful.
While radiochromic film dosimetry and Monte Carlo
simulation can be accurate for electron small fiddgimetry,
but these methods are time-consuming and may nfadsible
in all conditions.

The diagrams irFFigure 2 for the cutout factors show that
there are differences in cutout factors for différéeld sizes,
electron energies, and dosimeters. Additionally,ttes SSD
increases, cutout factor decreases. By increaBeldfsize, the
cutout factor increases and it reaches to valug.@d at 6x6
cnt, since this is the reference field and the valuese
normalized to this field. The difference betweer ttutout
factors is larger in the smaller field sizes, ihestwords, the
differences in cutout factors decrease with theeiase of field
size. Furthermore, and these differences are momg@rént in
10 MeV electron beam energy and are less in 18 e&fgy.
The cutout factors determined by different dosimeetare
different, especially for small electron fields doder electron
energies. This may be due to the absence of lapendicle
equilibrium in small electron fields and sensitk@ume of the
detectors.

Different studie¥®'?'” have evaluated SSP for electron
beams of different models of linacs including Variand
Siemens, however, there is not any research onSSD
determination of Elekta Precise linac. Therefole talues
from the present study cannot be compared with atfeer
studies. On the other hand, comparison of the srefGSRy
with a change of electron energy and field sizaesisful.

AAPM in the report by Task Group number 25 (TG2®8s
recommendations on electron beam dosimetry, edpedos
small electron field.Based on this report, due to inherent
problems in the existence of electron equilibrium small
electron fields, custom measurements should beopeed to
determine the change in dose distributions in srakdttron
fields. The custom measurements and the dosimeaita d
presented in this study cannot be used by otheotredapy
departments for Elekta Precise linac, since thentsisy data
are linac specific. However, they can be used asiide or
overall estimation of dosimetry data for electroeaims of
Elekta Precise linac. Following the recommendationg G25
and the supplement to TG25 regbhas illuminating points in
the field of electron beam dosimetry.

As it is evident from the results, there are dédfeces in the
values of SSEy and cutout factors for small fields determined
by different dosimeters. A comparison of the resulith
corresponding measurements with radiochromic fdiramond
dosimeters, or Monte Carlo simulation could be uisé¢d
determine the dosimeter with more accurate valDésmond
and radiochromic film dosimeters with smaller stwsi
volumes have a better special resolution in thigre. While
radiochromic film dosimetry and Monte Carlo simidat can
be accurate for electron small field dosimetry, lhbese

241

methods are time-consuming and may not be feagibkall
conditions. Additionally, the Elekta Precise linagrmally has
6 and 8 MeV electron beams. While in the presamdysthose
energies with more clinical applications (10, 16d 48 MeV)
were selected, these energies were not evaluatbdseT
subjects can be useful for further research in fieel of
electron beam dosimetry as future studies.

It would be useful if the Monte Carlo simulatiorasvused in
this study as reference dosimetry for small electveams and
if the results were compared with the measuremevitste
Carlo simulation of a linac requires the geometiyhe linac
and validation of linac simulation. This was notfpemed in
this study due to the lack of geometry informatiand is
accounted for as a limitation of this study. Howewhis is
suggested as a subject on more evaluations irfigds In the
present study, the results of the diode E dosimeser be
accounted as the reference. Diode detectors, dsmmatl sizes,
can be used as reference dosimeters in small diesimetry
and were utilized in a number of previous studies tbis
subject. It is noticeable that diodes are routiosimeters in
small field dosimetry because of their small sévsitolume
and real-time readout and high spatial resolutiontbey have
disadvantages such as dependence on energy, deseamd

direction®?°

Conclusion

The evaluations of this study on SgDor different electron
field sizes and energies indicate that §S@aries significantly
between different fields specified by electron &gibrs and
cutouts. SSE is highly dependent on electron beam energy
and field size in small fields and increases wittréasing field
and electron beam energy. For large electron fielith some
exceptions for the 20x20 érfield, this quantity also increases
with energy. There are differences in SgBnd cutout factors
determined by different dosimeters in small fieddpecially at
lower electron energies. Having a smaller sensitideme by
Diode E detector is an advantage of this detecter the other
two dosimeters and for electron beam dosimetry1f&x1.5
cnt, 2x2 cnf, and2.5x2.5 crhfield sizes, the Diode E detector
can be recommended as the reference dosimeteralh fefd
dosimetry, compared to the other two dosimeterecBeg the
appropriate dosimetric system can be effectivedteigining
the cutout factor in electron beam radiotherapye Tasults
presented herein can be useful for the selectiamcddequate
detector for electron dosimetry in small electragids. It is
recommended that the S§{be determined for each electron
field when treatment is performed with partiallyotked
electron fields shaped with electron cutouts.
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