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ABSTRACT
Background: One of the main causes of induction of secondary cancer in radia-
tion therapy is neutron contamination received by patients during treatment.
Objective: In the present study the impact of wedge and block on neutron con-
tamination production is investigated. The evaluations are conducted for a 15 MV 
Siemens Primus linear accelerator. 
Methods: Simulations were performed using MCNPX Monte Carlo code. 30˚, 45˚ 
and 60˚ wedges and a cerrobend block with dimensions of 1.5 × 1.5 × 7 cm3 were 
simulated. The investigation were performed in the 10 × 10 cm2 field size at source 
to surface distance of 100 cm for depth of 0.5, 2, 3 and 4 cm in a water phantom. 
Neutron dose was calculated using F4 tally with flux to dose conversion factors and 
F6 tally.
Results: Results showed that the presence of wedge increases the neutron con-
tamination when the wedge factor was considered. In addition, 45˚ wedge produced 
the most amount of neutron contamination. If the block is in the center of the field, 
the cerrobend block caused less neutron contamination than the open field due to 
absorption of neutrons and photon attenuation. The results showed that neutron 
contamination is less in steeper depths. The results for two tallies showed practically 
equivalent results.
Conclusion: Wedge causes neutron contamination hence should be considered in 
therapeutic protocols in which wedge is used. In terms of clinical aspects, the results 
of this study show that superficial tissues such as skin will tolerate more neutron 
contamination than the deep tissues.
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Introduction

Cancer is a leading cause of death worldwide, according to the 
World Health Organization (WHO) report, about 8.2 million 
deaths dedicated in 2012 in the world [1]. There are several mo-

dalities for treatment of cancer. Some of them are surgery, chemothera-
py, radiation therapy, hormonal therapy and immunotherapy [2]. Based 
on radiotherapy protocols there are cases in which beam modification 
devices are used during radiation therapy fractions. The most important 
beam modification devices are block, wedge filter, flattening filter, mul-
tileaf collimator and asymmetric jaws.

Original
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Recently, there has been worry about second 

cancer induction related to radiation therapy. 
One of the most important factors in develop-
ing a second cancer is neutron contamination 
production in megavoltage beam radiation 
therapy [3]. Using megavoltage accelerator 
has two main advantages: lower skin dose and 
higher dose rate in treatment of deep tumors. 
However, a disadvantage of the megavoltage 
beams is undesired fast neutrons production. 
Neutrons have significant biological damage, 
due to their high weighting factor (WR) ac-
cording to International Commission on Ra-
diological Protection (ICRP) report No. 60 
[4]. Neutrons are produced by photonuclear 
interactions when the photon energy is higher 
than the threshold energy of the (x, n) reac-
tion [5]. This threshold energy depends on 
the atomic number of the material. There are 
high atomic number elements in components 
of the accelerator’s head such as collimator, 
jaws and flattening filter, etc. Wedge filters 
and blocks are usually made of heavy metals 
such as lead, tungsten or steel (which are good 
beam absorbers). In conventional radiothera-
py, presence of wedge and block in the path of 
the primary beam can generate neutron con-
tamination. In addition, the head components 
of various models of accelerators are different 
and this makes differences in neutron contam-
ination by different accelerators.

Hashemi, et al [6] studied the impact of 
wedge in increasing the neutron contamina-
tion in 18 MV photon beam of Varian 2100 
C/D linac. In that study, polycarbonate film 
was used to measure the neutron dose. The re-
sults indicated that by taking into account the 
wedge factor, 54 % neutron dose enhancement 
was observed on the central axis. There was 
neutron dose reduction with increasing dis-
tance from central axis up to the distance of 
50 cm.

Mesbahi, et al [7] examined the effect of 
wedge filter and the field size on neutron dose 

equivalent. In their study 18 MV photon beam 
of Elekta SL75/25 accelerator simulation 
modeling was performed by MCNPX Monte 
Carlo code. A 60˚ wedge filter made of lead 
alloy was modeled. The results showed that, 
in the presence of the wedge, neutron dose 
equivalent was increased 6.5 times, on aver-
age. For open field, neutron dose equivalent 
decreased with increasing the field size, while 
in the wedged field, the neutron dose equiva-
lent increased with increasing the field size. 
Furthermore, for both open and wedged field, 
neutron dose equivalent reduced with increas-
ing the distance from the central axis of the 
beam. 

Biltekin, et al [8] evaluated the wedge fil-
ter effect on neutron contamination in 18 MV 
photon beam of Elekta Synergy Platform and 
18 MV photon beam of Varian Clinac DHX 
High Performance linear accelerators. Bubble 
detector personal neutron dosimeter (BD-
PND) was used to measure the neutron con-
tamination. Measurements were performed 
in open and wedged fields with 30 degrees 
wedge. The results showed 62.4 % and 17.8 % 
increase in neutron dose equivalent compared 
with the open field for Elekta and Varian linear 
accelerators, respectively.

Hashemi, et al [9] investigated the effect of 
block modifier for Elekta SL 75/25 (18 MeV 
photon beam) and Saturn 43 (25 MeV photon 
beam) linacs. In their study Polycarbonate film 
was applied in order to measure the neutron 
contamination. Results showed increased neu-
tron dose equivalent on central axis of about 
28 % and 21 % for Elekta (18 MeV) and Sat-
urn (25 MeV) (in presence of block), respec-
tively. In addition, with moving away from the 
isocenter to 50 cm distance, the neutron dose 
equivalen decreases rapidly for both open and 
blocked fields.

In addition to aforementioned studies, other 
studies have been performed in the field of 
neutron contamination evaluation [10-15]. In 
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most of these studies neutron dose was mea-
sured in air and the effect of phantom mate-
rial were not considered. In terms of clinical 
aspects, knowing the neutron dose in-vivo (or 
in phantom as the representative of human 
body) is essential. To the best of our knowl-
edge, the effect of wedge and block in pho-
toneutron contamination production for Sie-
mens Primus linac has not been studied. The 
aim of this study is to assess the wedge and 
cerrobend block effect on neutron contamina-
tion production inside the phantom with 15 
MV photon beams of a Siemens Primus linear 
accelerator. Three wedges (30˚, 45˚ and 60˚) 
and cerrobend block modifier are investigated 
in order to evaluate neutron dose in different 
in-phantom depths.

Materials and Methods

Validation of linac 
simulation

Validation of Siemens Primus linear accel-
erator simulation was conducted by the col-
leagues of the present project based on a pre-
vious study [11]. Herein a brief review of the 
previous work is presented. The 15 MV pho-
ton beam of a Siemens Primus medical linear 
accelerator (Siemens AG, Erlangen, Germany) 
was simulated based on the manufacturer’s 
geometric information. In that study, MCNPX 
code (version 2.6.0.) was used. Then, the per-
centage depth dose data were determined for 
three field sizes (6 × 6 cm², 10 × 10 cm2 and 
18 × 18 cm2). Furthermore, dose profiles were 
investigated for these three fields at depths of 
5, 10 and 20 cm in a water phantom. 

To perform dose calculations a water phan-
tom was used. The dimensions of the water 
phantom were 30 × 30 × 30 cm3 and the phan-
tom was defined at source to surface distance 
(SSD) of 100 cm. Measurements were per-
formed using a Wellhöfer-Scanditronix do-
simetry system (Wellhöfer, Uppsala, Sweden) 

and a water phantom (RFA-300; IBA Dosim-
etry GmbH, Schuarzenbruck, Germany) at the 
Reza Radiation Oncology Centre (Mashhad, 
Iran). In-phantom depth measurements were 
performed using a diode detector. The compar-
ison of Monte Carlo calculation and measure-
ment data was carried out by gamma function. 
Gamma calculations were performed using 
dose difference and distance to agreement cri-
teria of 3 % and 3 mm, respectively. Gamma 
function criteria indicated good agreement be-
tween the results by Monte Carlo calculations 
and in-phantom measurements.

Geometry of wedges and block
Three wedges (30˚, 45˚ and 60˚) were simu-

lated. The 30˚ wedge has 5 layers and 45˚ and 
60˚ wedges have 4 layers. According to man-
ufacturer information the material of these 
wedges is EZcut20 steel. The heights of the 
heels of the wedges are 2.97, 5.61 and 5.99 
cm for 30˚, 45˚ and 60˚ wedges, respective-
ly. These wedges are attached to a tray. The 
tray dimensions were approximately 20 × 20 
× 0.5 cm3 and it is made of aluminum. A cer-
robend block was also made for investigating 
the block effect. Its composition was analyzed 
by atomic absorption method (by XplorAA 
Atomic Absorption Spectrometer, manufac-
tured by GBC Australia) in Khorasan Science 
and Technology Park (KSTP). The percent-
age composition of the block is listed in Table 
1. Cerrobend density was obtained as 9.41 g/
cm3. The block dimensions are 1.5 × 1.5 × 7 
cm3 that was stuck to a perspex tray. This per-
spex tray has dimensions of about 20 × 20 × 1 
cm3. Density of 1.19 g/cm3 was used for per-
spex in the simulations.

Effect of wedge and block on 
neutron contamination

In this study, the validated program of 15 
MV Seimens Primus linac installed at Reza 
Radiation Oncology Centre (Mashhad, Iran) 
that was mentioned in the previous section 
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was used. Calculations were performed at a 
source to surface distance of 100 cm with 10 
× 10 cm2 field size. Neutron dose in a water 
phantom with dimensions of 30 × 30 × 30 cm3 
was calculated at four depths of 0.5, 2, 3 and 
4 cm. MCNPX Monte Carlo code (version 
2.6.0) was utilized [16]. The wedge and block 
trays were placed at distances of 41.5 cm and 
51.5 cm from the target, respectively. The neu-
tron dose was scored in cylindrical cells which 
had 1 cm height and 1.5 cm radius.

If electron spectrum was used as the source 
and thereafter the neutron dose was scored, the 
uncertainties and the time needed for running 
of the programs could be high. In addition, it 
is not feasible to run more than 2 billion par-
ticles in a single program in the MCNPX code. 
Therefore, a two-step process was followed 
which will be described in the following.

In the first stage, a sphere of air with 1 cm 
diameter was defined above the flattening fil-
ter, while its center was located at distance of 
3.7 cm below the electron source. All accel-
erator components including target, primary 
collimator, absorber, flattening filter, photon 
dose chamber, Y and X jaws and 30 × 30 × 30 
cm3 water phantom was defined in this stage. 
The validated electron spectrum was used in 
this program, and then F4 tally was scored in 
order to achieve the photon flux in various en-
ergy bins. In order to reduce the related uncer-
tainties the 0.5 energy bins were considered. 
In order to reduce the run time, energy cut off 
of 10 keV was defined for both electron and 
photon. In this program, the number of tracked 
particles was 2.75 × 108 and the maximum un-

certainty at this stage was 70 %. This uncer-
tainty is related to the last photons energy bin, 
and it is high because the number of photons 
was very low in this energy bin. The number 
of photons in this last energy bin was about 
103 times less than the number at previous en-
ergy bins, thus the last bin uncertainty has no 
effect on the accuracy calculation. In the other 
energy bins the uncertainty was less than 1 %. 

 In the second stage, a photon source was de-
fined at above the target in the form of a cone 
with 20 degrees vertex angle. Furthermore, 
in contrast to the previous program the target 
and absorber were ignored and replaced with 
air. The obtained photon flux in the first pro-
gram was applied as an input photon source 
spectrum in this stage. Calculations for five 
cases (open field, 30˚, 45˚ and 60˚ wedges and 
blocked field) were performed in the same 
condition. For all the cases, source to surface 
distance of 100 cm and phantom dimensions 
of 30 × 30 × 30 cm3 was considered. Since 
photonuclear reaction occurs in energies up-
per than 8 MeV photon energy for elements 
of high atomic number, energy cut off of 7 
MeV was considered for photons and elec-
trons. Energy cut off of 10 keV was used for 
neutrons due to the fact that most of the pro-
duced neutrons are fast neutrons. Moreover, 
each program was run for 2 × 108 particles. 
In order to reduce the calculation uncertain-
ties to less than 10 %, each case was run in 13 
input programs. Due to high uncertainty in the 
cerrobend block program, this program was 
run 30 times. All programs were in the same 
condition, but in each program random, seed 
number was changed to increase the precision 
and to obtain various outputs.

According to the following equation the to-
tal uncertainty was calculated:

Total uncertainty 2 2 2 2 2 21 2
1 2( ) ( ) ( )m

m
n n n
N N N

σ σ σ= + +…+

where n1, n2, etc. are the number of particles 
in each program and m is the program num-

Element Percentage (%)
Tin (Sn) 21.31

Lead (Pb) 26.34
Bismuth (Bi) 52.35

Table 1: Compositions (weight fraction) of 
cerrobend obtained by atomic absorption 
spectrophotometry method
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ber. N is the total number of particles in all 
programs. σ1, σ2, etc. are uncertainties in the 
program number 1, number 2, etc.

In this study, results of two tallies were com-
pared.  F4 tally was used to obtain neutron flux 
(number of particles in a cell) and the flux was 
then converted to dose (rem) using DE and DF 
cards extracted from Table H-2 of MCNPX 
(version 2.6.0) manual. This table has two 
references for the conversion coefficients that 
American National Standards Institute (ANSI/
ANS 6.1.1) reference values were used. F6 
tally, that calculates energy per unit mass 
(kerma), was used to obtain neutron dose di-
rectly. The maximum Monte Carlo statistical 
total uncertainty in the tallies cells was 8 %. 
All of the wedge and block cases were com-
pared to the open field and the relative neu-
tron dose was achieved. Herein, the relative 
neutron dose is neutron dose at the specified 
depth in water phantom in presence of wedge 
or block to neutron dose at the same depth in 
open field. Neutron contamination was as-
sessed in 4 depths in the water phantom (0.5, 
2, 3 and 4 cm) and the results were compared. 
When F4 tally was used the relative neutron 
dose was obtained in terms of mSv per mSv 
and for the cases that F6 tally was used, the 
relative neutron dose was obtained in terms of 
cGy per cGy.

Results
The values of relative neutron dose for 30˚, 

45˚ and 60˚ wedges and cerrobend block are 
listed in Table 2. These values were obtained 
without considering wedge factors and block 
tray factor. To better evaluate the wedge and 
block effect on neutron contamination produc-
tion, wedge and block tray factors were also 
applied. The wedge and block tray factors are 
shown in the Table 3. Values of relative neu-
tron dose with considering the wedge/tray fac-
tors are presented in Table 4.

The calculated relative neutron dose ver-

sus depth for different wedges and cerrobend 
block are plotted in Figure 1 and Figure 2 by 
ignoring and taking into account the wedge/
tray factor, respectively.

As it was mentioned in Materials and Meth-
ods section, two tallies (F4 and F6) were 
scored and their results are listed in Table 5. 

Wedge-neutron Contamination

Depth 
(cm)

30˚ 
Wedge

45˚ 
Wedge

60˚ 
Wedge Block

0.5 1.16 1.42 1.33 0.51
2.0 1.09 1.37 1.25 0.49
3.0 1.12 1.35 1.29 0.47
4.0 1.04 1.22 1.17 0.51

Wedge/Tray Factor
30˚ Wedge 0.60
45˚ Wedge 0.40
60˚ Wedge 0.43
Block Tray 0.96

Depth 
(cm)

30˚ 
Wedge

45˚ 
Wedge

60˚ 
Wedge Block

0.5 0.70 0.57 0.57 0.50
2.0 0.65 0.55 0.54 0.48
3.0 0.67 0.54 0.55 0.45
4.0 0.62 0.49 0.50 0.49

Table 2: Relative neutron dose values (mSv/
mSv) for 30˚, 45˚ and 60˚ wedges and cerro-
bend block at 0.5, 2, 3 and 4 cm depths in 10 
× 10 cm2 field size without taking wedge/tray 
factor into account 

Table 3: Wedge factors related to 30˚, 45˚, 
60˚ wedges and block tray for 10 × 10 cm2 
field size of 15 MV photon beam of siemens 
primus linac 

Table 4: Relative neutron dose values (mSv/
mSv)  for 30˚, 45˚ and 60˚ wedges and cerro-
bend block at depths of 0.5, 2, 3 and 4 cm in 
10 × 10 cm2 field size with taking wedge/tray 
factor into account 
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In addition, the total statistical uncertainties in 
Monte Carlo calculations are listed in Table 6 
in order to have a more detailed comparison 
for these tallies.

Discussion
In the present work, the relative neutron 

dose was calculated by MCNPX Monte Carlo 
code at various depths in water phantom for 
30˚, 45˚ and 60˚ wedges and a cerrobend block 
beam modifier. The results show neutron 
contamination enhancement in the presence 

of wedge when the wedge factor considered. 
Therefore, in the treatment protocols that the 
wedges are inevitably used as part of treat-
ment, this additional neutron dose from exter-
nal wedges located in the beam path should 
be taken into account. Neutrons can be a con-
tribution to the integral dose and because of 
their high quality factor, even a small physical 
neutron dose can cause biological effects [17].

By comparing the data contained in Table 2 
and Table 4, it can be seen that without con-

Figure 1: Relative neutron dose versus depth 
in water phantom without taking wedge/
tray factor into account

Figure 2: Relative neutron dose versus depth 
in water phantom without taking wedge/
tray factor into account

Without taking wedge/tray factor into account
F4 Tally (mSv/mSv) F6 Tally (cGy/cGy)

Depth 
(cm) 30˚ wedge 45˚ wedge 60˚ wedge Block 30˚ wedge 45˚ wedge 60˚ wedge Block

0.5 0.70 0.57 0.57 0.50 0.70 0.56 0.57 0.51
2.0 0.65 0.55 0.54 0.48 0.63 0.53 0.53 0.52
3.0 0.67 0.54 0.55 0.45 0.65 0.53 0.55 0.49
4.0 0.62 0.49 0.50 0.49 0.59 0.47 0.49 0.51

With taking wedge/tray factor into account
0.5 1.16 1.42 1.33 0.51 1.16 1.41 1.31 0.53
2.0 1.09 1.37 1.25 0.49 1.04 1.31 1.22 0.54
3.0 1.12 1.35 1.29 0.47 1.08 1.31 1.29 0.51
4.0 1.04 1.22 1.17 0.51 0.98 1.16 1.13 0.53

Table 5: Values of relative neutron dose by F4 and F6 tallies at different depths for 30˚, 45˚ and 
60˚ wedges and cerrobend block in water phantom with and without taking wedge/tray factor 
into account 
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sidering wedge factors, relative neutron dose 
is not considerable. But in practice, if there is 
a wedge in the path of primary photon beam, 
to compensate the beam absorption that occurs 
in the presence of wedge, the number of moni-
tor unit is increased. Therefore, in a constant 
monitor unit (in the current study as 100 MU) 
a compensating factor should be considered 
for a wedged field. As it is evident from Table 
4, with considering the wedge factor in the 
calculations, there is neutron dose enhance-
ment in presence of wedge. As it can be seen 
in Table 4, the relative neutron dose at depth 
of 0.5 cm for 45˚ wedge is equal to 1.42 (mSv/
mSv), this means that 42 % neutron dose en-
hancement exist when a 45˚ wedge is used 
compared to the open field.

As it can be seen from the data in Table 2, 
for all cases the depth increase leads to reduc-
tion of neutron contamination. Both absorp-
tion and production of neutrons occur in the 
phantom. This effect is probably due to the 
fact that phantom contains hydrogen atoms 
and these hydrogen atoms are neutron absorb-
ers. In addition, with increasing depth in the 
water phantom, the volume of the portion of 
phantom which located at the top of the dose 
calculation point increases, therefor, more 
neutrons are absorbed. By taking into account 
the wedge factors presented in Table 3, it can 
be seen in Table 4 that relative neutron dose 
reduces with depth increasing, similar to the 
previous trend. In terms of clinical applica-
tion, the results of this study show that super-
ficial tissues such as skin will tolerate more 

neutron contamination.
As it can be seen in Figure 1, when the 

wedge factor was not considered, the most 
neutron contamination is produced by 30˚ 
wedge and the least contamination is associ-
ated with block. Additionally, the amounts of 
relative neutron dose are approximately equal 
for 60 and 45 degrees wedges. With consider-
ing wedge factors, as it can be seen in Figure 
2, the effect of wedge on neutron contamina-
tion production is more prominent, compared 
to without application of the wedge factor. As 
it can be seen in Figure 2, the most neutron 
contamination is produced by 45˚ wedge that 
could be due to the fact that the wedge factor 
for this wedge is lower than the others. Since 
the wedge factors are lower than unity and 
the neutron dose is divided by wedge factor, 
a lower wedge factor corresponds to a high-
er neutron contamination for the 45 degrees 
wedge. According to this figure, after the 45 
degrees wedge, 60 and 30 degrees wedges cre-
ate the higher neutron contamination, respec-
tively. Finally, the lowest neutron contamina-
tion is for the cerrobend block based on the 
diagram in Figure 1. Low neutron contamina-
tion from the block may be due to this fact that 
in the blocked field the total volume which is 
irradiated by photons is much less than in the 
wedged field.

As it was mentioned in the previous section, 
the results by F4 and F6 tallies are compared. 
As it can be seen from the data in Table 5, rela-
tive neutron dose values by F4 and F6 tallies 
at different depths for 30˚, 45˚ and 60˚ wedges 

Depth 
(cm)

Open field 30˚ wedge 45˚ wedge 60˚ wedge Block
F4 F6 F4 F6 F4 F6 F4 F6 F4 F6

0.5 2.08 2.11 2.52 2.57 2.78 2.82 2.76 2.80 1.90 1.89
2.0 5.23 5.57 6.07 6.30 6.62 6.97 6.78 7.24 5.00 4.85
3.0 6.37 6.88 7.36 7.86 8.09 8.74 8.38 9.13 6.87 6.51
4.0 7.58 8.02 7.90 8.37 8.80 9.32 9.02 9.60 8.72 8.49

Table 6: Monte Carlo type A statistical uncertainty (%) for the F4 and F6 tallies in 0.5, 2.0, 3.0 
and 4.0 cm depths in water phantom
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and cerrobend block are relatively equal. The 
total Monte Carlo uncertainties of these tallies 
are listed in Table 6. As it can be seen from 
Table 6, while the numbers of particles scored 
in the program for these tallies are equal, the 
uncertainty values have less than 0.5 % differ-
ence and the maximum uncertainty is related 
to the depth of 4 cm. These points imply that 
the results by these tallies for neutron dose cal-
culation are practically equal and both tallies 
will have the same uncertainties with similar 
scored number of particles (or similar running 
times for the input files).

In the study by Hashemi, et al [9], effect of 
lead block field modifier for Saturn 43 (25 
MeV) and an Elekta SL 75/25 (18 MeV) linear 
accelerators was evaluated. In that study, in-
creasing in the neutron dose equivalent on the 
central axis in presence of block of about 28 % 
and 21 % for Elekta (18 MV) and Saturn (25 
MV) was reported, respectively, in contrast 
to our study. This difference maybe is due to 
the fact that in the present study, a small block 
was put in the middle of the field, while in that 
study blocks was placed around the field and 
smaller field was shaped. In addition, the com-
position of block, the model of accelerator and 
photon energy in that study are different from 
the current study. In the present study a cerro-
bend block was used, while in that study lead 
block was used. In that study, measurements 
were performed in the air and therefore the 
impact of phantom on neutron production was 
not considered contrary to the present study. 

The results in Table 2 shows the difference 
with the study by Hashemi, et al [6]. They 
showed that the photoneutron dose equivalent 
increases in presence of wedge at central axis 
without considering wedge factor, for Varian 
2100 C/D 18 MV linac. The reason of this 
difference may be because the measurements 
were performed in air in that study but calcu-
lations were performed in water phantom in 

presence study. Additionally, the models of 
the linacs and wedge structures are different. 
Furthermore, in that study the external wedge 
was placed reversely compared to the current 
study. However, the results listed in Table 4 
are in agreement with the results of that study. 
This data shows that neutron contamination 
increases in presence of wedge.

Biltekin, et al [8] findings indicate an in-
crease in neutron dose equivalent in the pres-
ence of 30˚ wedge in 10 × 10 cm2 field size for 
Varian and Elekta linacs. Their results are in 
good agreement with our results for Siemens 
Primus linac and 30˚ wedge in 10 × 10 cm2 
field size, presented in Table 4. In this table, 
it can be seen that the percentage increase in 
relative neutron dose for 30˚ wedge at depths 
of 0.5, 2, 3 and 4 cm are 16, 9, 12 and 4 per-
cent, respectively.

The present study devoted to calculate the 
relative neutron dose only in 4 depths in wa-
ter phantom at 10 × 10 cm2 field size for 15 
MV Siemens Primus linac. It is suggested that 
calculations be performed in more depths in a 
tissue equivalent phantom. Evaluation of the 
impact of phantom size and different field siz-
es on photoneutron contamination production 
is recommended. In addition, absolute dosim-
etry for better study of neutron contamination 
in phantom is suggested as a subject for future 
studies in this field.

Conclusion
The results showed increasing neutron dose 

in presence of wedge. It was also shown that 
with increasing depth, relative neutron dose 
reduced. Furthermore, the presence of cerro-
bend block in the center of the field causes less 
neutron contamination than the open field.

It is recommended that alternative treatment 
planning protocols be used to reduce neutron 
contamination and neutron contamination 
dose received by patients be considered during 
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treatment planning. Study on the structure and 
material that eliminate or minimize these un-
desirable photoneutrons can be suggested as 
future evaluations in this field. The results by 
F4 and F6 tallies for neutron dose calculation 
are practically equal and both tallies show the 
same uncertainties with similar scored number 
of particles (or similar running times for the 
input files).
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