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In the present study, the effect of gantry orientation on the photoneutron and capture gamma
dose calculations for maze entrance door was evaluated. A typical radiation therapy room
made of ordinary concrete was simulated using MCNPX Monte Carlo code. Gantry rotation
was simulated at eight different angles around the isocenter. Both neutron and capture
gamma dose vary considerably with gantry angle. The ratios of the maximum to the minimum
values for neutron and capture gamma dose equivalents were 1.9 and 1.4, respectively. On the
other hand, comparison of the Monte Carlo calculated mean value over all orientations with
Monte Carlo calculated neutron and gamma dose showed that the Wu-McGinley method dif-
fered by 5% and 2%, respectively. However, for more conservative shielding calculations, fac-
tors of 1.6 and 1.3 should be applied to the calculated neutron and capture gamma doses at
downward irradiation. Finally, it can be concluded that the gantry angle influences neutron
and capture gamma dose at the maze entrance door and it should be taken into account in

shielding considerations.
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INTRODUCTION

Radiation therapy using high-energy photon
beams proved to have a significant effect on the qual-
ity of cancer treatments. To deliver the prescribed dose
to the target volume and avoid normal tissue irradia-
tion, the beams are usually delivered from several an-
gles while the gantry rotates around the treatment
table. In treatments with high-energy X-ray beams
(E>10 MeV) photoneutrons are produced through
(7, n) interactions in linac head components [1-11].

There are several methods to estimate the
fluence and dose equivalent of these neutrons in the ra-
diation therapy room [4, 5]. The proposed analytical
methods for photoneutron calculations at the maze en-
trance door, do not consider the orientation of the pho-
ton beam but, a more applied, downward directed
beam. As the neutron dose in the maze varies with gan-
try orientation [3], the neutron calculations using only
downward direction may result in either overestima-
tion or underestimation of the maze entrance door
shielding calculations.
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Previous measurements have shown that the
neutron dose in the maze reaches its maximum when
the head of linac is located at the closest distance to the
inner maze entrance [3]. The neutron dose in the maze
is the lowest when the gantry head is farthest away. A
difference of a factor of 2 could be seen between the
two gantry angles. Moreover [3], according to
Wu-McGinley in the downward direction of the beam
the dose is slightly higher than the average of the two
extreme cases. In a recent study the neutron dose at
several points inside a radiotherapy room was evalu-
ated by Monte Carlo (MC) method [7]. However, the
accuracy of the recommended analytical method con-
cerning the gantry orientation needs to be evaluated.
To address this issue, in the present study, the effect of
gantry orientation on the neutron dose at the maze en-
trance door was studied by the MC method. In addi-
tion, the photo neutron and neutron capture gamma ray
dose equivalents were calculated with the recom-
mended analytical methods. Both analytical and MC
methods were used to calculate the mean, maximum,
and minimum values of neutron and gamma ray doses
in all orientations, and the results were compared.
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MATERIALS AND METHODS

Analytical method for neutron
calculation

The International Atomic Energy Agency
(IAEA) in its Report No. 47 recommended an analyti-
cal method for calculation of neutrons fluence in the
treatment room. This method was also recommended
by the National Council on Radiation Protection and
Measurements (NCRP), Report No. 151, and is given

by eq. (1) [12]
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where Oy [nGy ']is the linac neutron source strength
and gives a number of totally produced neutrons when
isocenter absorbs 100 cGy dose, d [m] —the distance of
point A to the isocenter, S [m”] — the total inner surface
areaof the room, and @ [nm ?]—the neutron fluence at
any point A. Figure 1 shows the parameters used in an-
alytical method for neutron fluence calculation.

Wu-McGinley method [3] for a single-bend maze
which expresses exponential attenuation of photoneutrons
is as follows
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where D, [Sv/Gy] — the photoneutron dose equivalent
at the maze entrance door, @4 [nm ?]—the total neutron
fluence at point A per X-ray [Gy], 4, [m’] — the
cross-sectional area of the inner maze entrance, S; [m’]
—the cross-sectional area of the maze door, d> [m] —the
distance from the point of measurement to the point A,
and 7y [m] — the tenth value length, fig. 1.

For neutron capture gamma ray dose equivalent
eq. 3 was proposed by Wu-McGinley [3]
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In this equation, D, [Sv per Gy of X-ray at the
isocenter| is the neutron capture gamma ray dose
equivalent at distance of d, [m] from point A at the in-
ner maze entrance.

Monte Carlo simulations

The MCNPX (2.4.0) code was used for simula-
tions in the present study [8]. The LAI150U
photonuclear library of MCNPX was used in the entire
simulations. Main parts of Varian 2100 Clinac for 18
MeV photon beam were simulated. Initial electron
beam, target, container, primary and secondary
collimators, movable jaws, flattening filter, and linac
head shielding were the simulated parts for calcula-
tions. The model was validated and used in a previous
study [2, 9]. A50 x50 x 50 cm? water phantom with a
source to surface distance of 100 c¢m inside a typical
12.7 x 11.5 x 4.2 m? radiation therapy room made of
ordinary concrete were simulated. The composition of
concrete was in compliance with the NCRP No. 144
recommendation concerning shielding material . The
simulated room geometry is shown in fig. 1.

The gantry rotation was simulated in clockwise
direction/rotation with a 45-degree interval. Simulated
orientations of gantry are shown in fig. 2. A cylindrical
water cell with a radius of 1 cm and a height of 0.2 cm
was positioned at d,,,, to score photon-absorbed dose
in each orientation. In addition, a spherical water cell
was positioned at the maze entrance door to score the
neutron and capture gamma ray dose. The F6 tally was
used to score deposited energy in the scoring cell in
terms of MeV per gram of a cell material per initial elec-
tron. Photon dose and neutron dose were scored for
each orientation per initial electron separately. Apply-
ing also the F6 tally, the neutron capture gamma ray
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Figure 1. Simulated room layout
and dimensions used for calculations
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Figure 2. The side view of room in
different orientations of gantry

dose was obtained. In addition, the forth entry of pho-
ton PHYS: CARD was set to 1 to enable the biased
photonuclear production for speeding up the simula-
tions. Neutron and capture gamma doses were normal-
ized to photon dose atd,,,, in the same orientation to ob-
tain the value in terms of Gy of neutron or gamma per
Gy of photon dose of isocenter. Applying the most con-
servative radiation weighting factor of 20 based on the
ICRP Report No. 103 for neutrons [10], dose values
were converted to Sv/Gy of isocenter.

Neutron source strength of the simulated linac
was set to 1.3-10'2 neutrons per Gy of isocenter ac-
cording to the previous modeling [2]. Multiplying this
value by neutron dose equivalent per initial electron,
results in the neutron dose equivalent in mSv per Gy
X-ray at the isocenter. Similarly, neutron capture
gamma ray dose was obtained by applying the same
neutron source strength.

RESULTS AND DISCUSSION

Neutron and capture gamma dose was obtained
by MC calculation for different gantry orientations
(tab. 1). Itis seen that neutron and capture gamma dose
equivalents change significantly with gantry angle.
The lowest values of neutron and capture gamma dose
were attained at 90 deg., with the linac head far from
the maze entrance door while the highest values were
reached at 270 deg., when the distance between the
linac head and the maze entrance door was the short-
est.

Neutron dose equivalent was also calculated us-
ing the Wu-McGinley method and the results com-
pared with the MC mean value. The neutron dose
equivalent determined by the Wu-McGinley method
was 2.7-1073 mSv/Gy, while the mean MC value calcu-
lated over all angles was 2.5-102 mSv/Gy, showing a
5% difference.
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Table 1. Neutron and capture gamma dose equivalent
[mSv/Gy] for different gantry orientations at the maze
entrance

Angle of rotation Neutron dose Capture
(deg.) equivalent gamma dose

0 (23+0.0210° | (2.1£0.02)10™
45 (2.2+0.02):107° (2.1 £0.02):107*
90 (2.0+0.02):107° (1.9 +0.01)10™
135 (2.4 +0.02)-107 (2.0 +0.01)107
180 (2.9+0.0210%° | (2.3£0.02)10™
225 (2.4+0.02)10° | (2.540.02)10™
270 (3.7+0.03)10%° | (2.8+0.02):10™
315 (2.6+0.02)10° | (22+0.01)10™

Capture gamma dose was also determined by the
Wu-McGinley method and the results compared with
those obtained by MC method, as in the case of neu-
trons. While the Wu-McGinley capture gamma dose
equivalent was 2.2:10 mSv/Gy, the MC method
showed 2.1-1073 mSv/Gy average over all gantry an-
gles. The results were very close together (2% differ-
ence) which showed that the studied analytical method
primarily leads to reliable results for capture gamma
dose calculation for shielding purposes concerning
different gantry orientations. On the other hand, mini-
mum and maximum values for neutrons were 2-107
and 3.7-1073 mSv/Gy. In other words, it showed that
when gantry was closer to maze-wall, there were 1.9
times more neutrons than when it was far from maze
wall. Additionally, for capture gamma this value was
1.4. Our MC results were in good agreement with mea-
surements of Wu-McGinley [3]. In the study of
Wu-McGinley, the ratio of the maximum to the mini-
mum neutron equivalent dose for different gantry ori-
entation ranged from 1.7 to 2.4 at three measurement
points in the maze. In the study of Rebello ez al. on the
neutron dose, a ratio of the maximum to the minimum
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of 1.59 was found between the gantry angles of 225
and 90 deg. at the maze entrance door. Our results were
higher than their results which can be attributed to dif-
ferences in room geometry and MC simulations [7]. It
is worth mentioning that we have not found any study
on capture gamma dose variation with different gantry
angles.

Different studies on the photoneutron calcula-
tions for the maze entrance door have considered only
one orientation in neutron and capture gamma dose
calculation in the radiation therapy room. On the other
hand, the available analytical methods do not take into
account gantry orientation in their calculations. How-
ever, in practice, several gantry angles are used for pa-
tient treatments. Thus, the dose received by the maze
entrance door would be the average of neutrons and
capture gamma rays produced in different gantry an-
gles. In the current study using the mean neutron and
gamma dose obtained by MC method, it was found
that analytical methods can estimate the neutron and
capture gamma dose in close agreement with MC
method. However, if the maximum values of both neu-
tron and capture gamma doses at 270 deg. are consid-
ered for most conservative shielding calculations, the
application of the Wu-McGinley method will result in
considerable underestimation of a thickness of the
maze door. Therefore, taking into account the gantry
angulation in shielding calculations, it is recom-
mended to apply factors 1.6 and 1.3 to the neutron and
gamma calculations at the zero angle irradiation.

Our finding is in a close agreement with results
of Martinez et al., who evaluated the neutron dose
around two linacs for different gantry orientations
[11]. Although the neutron dose at the maze entrance
was not calculated in their study, their results con-
firmed the point that the neutron dose is significantly
dependant on the gantry orientation [11].

CONCLUSIONS

The effect of different gantry angles on
photoneutron and capture gamma dose at the maze en-
trance door was studied by MC method. Our MC re-
sults showed a considerable variation in neutron and
capture gamma dose with gantry orientation. The re-
sults of analytical methods which do not consider gan-
try orientation were compared with the MC results.
The Wu-McGinley method showed reliable results in
comparison to the MC results. It is recommended that
radiation protection experts be cautious in applying
the analytical methods for neutron and capture gamma
dose calculations. In addition, in order to provide a
more accurate shielding estimation, the effect of gan-
try angles should be taken into account for neutron and
capture gamma dose calculation at the maze entrance
door.
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Xoceunn THACH, Acrxap MECBAXHU

YTULIAJ ITOJIOXKAJA ITOPTAJTHOI KPAHA HA EKBUBAJIEHTHY 103Y
OOTOHEYTPOHA U TAMA ®OTOHA Y YJA3HUM BPATUMA JTABUPUHTA
COBE 3A PAIUOTEPAIINYY

Y papy je mpouemeH YTHIAQ] OpHUjeHTalyje MOpPTAJHOT KpaHa Ha MpOpayvyH J[o3e Off
(poroneyTpona u rama hpOTOHA y BpaTHMa JIABUPUHTCKOT XOAHMKA. TummdHa coba 3a paguo Tepanwjy,
carpabena op oOuyHor OeroHa, cumyiupana je nmomohy MCNPX Monte Kapno kopa, a porauuja
MOPTATHOT KpaHa MOJIEJIOBaHA je y 0caM Pa3IMYUTUX YIJIOBA OKO U30IeHTpa. [lo3e ojf HeyTpoHa U rama
(poToHA 3HAUYAJHO BapHUpPajy Y 3aBUCHOCTH Off YIila MOPTATHOT KpaHa. OfHOCH MaKCHIMaJTHe X MAUHIMAJTHE
BPETHOCTH IO3HOT eKBrBaseHTa cy 1,9 3a neyrpone u 1,4 3a rama porone. [Topeheme cpepmux BpegHocTn
103a 3a HeyTpoHe uraMa (hoTore, pauyHate MonTte Kapio kogom 1 By-MeKruHmjeBoM MeETOIOM IO CBUM
opujeHTalujaMa, Iokasyje aa pesyiaratu MebycoO6HO ofcrymnajy 3a 5% u 2%, pecnekTuBHO. Moxe ce
3aKJbYUUTH fla OpHUjeHTallja MOPTAJHOr KpaHa yTHUYe Ha 03¢ HEyTPOHA W rama (poTOHA Ha yIa3HUM
BpaTHMa y JIaBUPUHTHH XOJHHK ¥ Jia je Tpeba YBPCTUTH y pa3MaTparme MPH MPOjeKTOBAbY 3alITHTHAX
Gapujepa.

Kmwyune peuu: Monttie Kapao mettiooa, HoptiaiHu KpaH, eK8UBAAEHIIHA 003a, hOTOHeYTUPOHU




