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Abstract

Background and purpose: High-energy photon beams above 8-10 MV used in external
radiation therapy produce neutron in dealing with the linear accelerator components and other parts in
radiation field. The weakening of neutrons due to the closing jaws collimator angle, in smaller field sizes
can also be a contributing factor in changing the neutron spectrum. Since a direct measurement of the
neutron flux and spectrum require complex measurements in treatment room, the Monte Carlo is an
alternative method for determining the true environmental neutron spectrum.

Materials and methods: Geometry of linear accelerator Elekta SL75/25 was designed in
FLUKA simulation code and its validation was tested. Spectrum of neutrons produced in the accelerator
was determined in the center of four field sizes of 20 x 20, 15 x 15, 10 x 10, and 5 x 5 ¢cm? Data
analysis was done applying Mann-Whitney test.

Results: In the condition with flattening filter, significant differences was found in the neutron
spectrum only in 5 x 5 to 15 x 15 cm? and 5 x 5 to 20 x 20 cm? field sizes (P<0.05).

Conclusion: Our results of the neutron spectrum using FLUKA simulation code are in a good
conformity with the results of practical dosimetry of other researchers; therefore, checking the neutron
flux in radiotherapy by simulation can be an appropriate solution to improve patient treatment and
protection issues. Since neutron dose increases with an increase in field size, so, we can conclude that

field size influences secondary effects of treatment.

Keywords: linear accelerator, neutron contamination, field size, Monte Carlo

J Mazandaran Univ Med Sci 2016; 26(143): 257-262 (Persian).

257


http://jmums.mazums.ac.ir/article-1-9032-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

Ohs—Hs (S )y ep— L colsfislsa_L as
(POV-PYP) 1090 Jlw 3T 1IEW aylads  @iluid g Cuw )9y

aaimaylil ja aaisll §g)igi wliv p igigs Ylas ajlail pili yw)p
¢l LS Cuign ybgy s MV18 5]l jaElekta SL75/25 s

! s 9 pon
" 5o g2 oo
"silr> Oloy
23S
gl U Ooda Sl e Jgb 3 st sdtaizs 53 Iy e AV e 1 i (6551 L sla0 556 105 9 dislas
Crndi s a5 L33, 8 55555 Ko ATl a i 5 oo &8 S 0 3) 5 1 ilibes (61l L ey Sy
S50 Jole K Wl 5 o Ols 0311 5 S 58T Gl OIe o311 53 5 5l ST (SeSG w515 0w W5 @ 0555
4 55 0Lays GUI s 53 05555 Sl 5 5L ditene (5 S o301 ST L 0T 51Asl 055 5 Ol i 55
.Q‘O}j};ytﬁ&;ﬁ#).}w‘Lg‘jdv}iil?gjij)&i}j)[{&}ﬁ‘})‘)b%éudﬁfo‘}‘x‘
sy 9 4d o> LbFLUKA (g3l ai uS” ;s Elekta SL75/25 o sdadsliss juw avwds sl yb9) 9 3lgo
VXV e XD Y exYe Glie 301 lgr S e 53 ol cul 3 ek LS5 038 Dl (23S 13 et e
Al oslitul 2y e LT O5a3T 5 m;b}guTgﬁR.umgcfﬂ@'uax )
Sl YoxY e 50X 0 5 mpa e e 10510 50X 0 Olios o311 51 Lo codiS” e ks b Il s sladidly
A< /00) Sl Gl e 09 55 5 Sl 5> OV (m o
5 Gl e ple oo (6 2053 4 b o B LFIUKR (5lo a2 ST b 5 09 55 5 Ol ol sl
OLays 3 e Cgr 3 mslin (S5 L5 or (S3ltnds thoms 4 2] 53305 53 (G55 55 SLE (g 0 o) ol il
Olekoe @311 5,87 0Ly Ol 5 (oo cOlan 03101 2l 30 L 05555 5 Sl bl s ar g5 b i o kil bl Lo 5 )las

sl S8 36 a3 4 56 LT S5,

D i 955 ST clbs o511 ¢ (S py st oialid 1 53uS (sla 29

4o i

Sl 31 o Ol e 158 SL Sl S5 L L0 g5 VU 65,5 L gl ol 53
WsF5m A5 pse Jilse 5, 53 0t ol ka5, 55 55 MV A I YL
s SN 5 oS g S (sl glad S 530558 s 4 (1) o W 5 055 5 ¢ o
F-P)Llails 055 5 M 5 ol e | 345l GLaslb w jy 5 >l O 5 5 YL (WR)
E-mail:hejazip@semums.ac.ir Ol (S o sl o315 cOlia — S Ylos W giamne —ilge

Ol o €Ol (ST 3y sbe o831 ¢ S5 0813 ¢ g gl i 4208 ¢ K55 0 58 ) (i)l (g gmtils )
Q'j_\‘[)b@i&;:fﬂ‘dwa&.ﬂ:&s&:}:ﬁé;{:éﬁdb.r

Ol el ¢l (S5 b o315 ¢ S5y 08Tl ¢ STy G 3 05,8 Sbslul ¥

VWOV L oy oS ) WA/ 2 SloShol S gl 6 AVAMALSRCH SN

11990 )3T« 1IEW a)Lasis cadiuid § Cunyy a)gs ohsjls ¢Sy eolc oGSl Alas  POA


http://jmums.mazums.ac.ir/article-1-9032-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

ulilSnb g yilimge jisg po

335005 6l e Ol S5 sl s 8 e
st 4 48 ad Ol 0,3 Vot s S o5l oyl
By g Ao )30 5l 568
2olie 0555 53 dalee mislzel ) st 4yl
Ver 500 e Jool 53 0955 53 dole 4y by e
los i o n Blo YoxYe 5L Olds 1 (6 2o Lo
Sl Olin 3101 56 (2 S e 23 5
035 55 ol USRTRACK &)l8™ jleslel b e 55 5
ABXND (Yo xY e Calibee Oldse 03141 g (sl
&ﬁﬁSSDzlooﬁcﬁfﬂ@suaxo,\~x\~

s S oIl e Sle Ve plad g S p s

Cow 9 by wsly

w53 Jubyg g (hes 55 e Dlle S
S ol Gileand andia aviaslisl sl
Ol e 4 45 sls OLE W/A (65 51 a1y ol Ol e
N QU PR E RPN COMPS

L0y 5o dolms iyl g b gy o S
J@,&M)mb&@)@mubgbﬁf@m
\ESINS- I FPON PR IS NE- U PRE TR SN e
s olis oy o Soll g')}a)'.\' )3 5 0 odaline
P>+ /40) dylus (gls gme Mus| iowie 93 oyl

o351 53 05 5 55 Dl (12 0 plowil Slwlons
sls GLESCMZ Ox0 5 Y+ x Ve AOXND (Yo xYe (sladlhe
CMZ A 0x 10 L5 0x0 Oldes 1 Oliae o311 ol 31 L oS
03555 Ol s 5 sl I 22e CMZ Yo xY e 5 OX O
Sl (Pe/00) b oo G131 0555 5L 5 YT
Y osled 45 gad y3 Calies (gla Olds o311 53 09 5 8

Sl ol 0als OLES

3 Ol 53 0355 53 Jalae gl 1) e Jgur

Yox Y Yox Y €CM2) Sl o311
sotls anlllas Gl (€M) S 50 51 alols
YVE Y Y/AVVE. /00
YRV F Y/PAE Y/ \,
CINE X CINOAEN /8 o
CYEF /OYE /AN A

Wors 5 A s Ol Sl 56 3550 5o
L s S 0k Ollllas 5 o5ls 59y s (oDl
ol oo SRalS 05 5 a5 Ol o311 2l 58
Ay il el Ol o310 sl L Kos S
NV Ls g O 5 5

) Sl gdomac Jus o g,y S 90T
FLUKA (g3laters I 31 aalllon o plosi (51 140 e 5
D5ite a (655 Slloma I S5 8758 S elis
39 g0 O guaaosla b D3 glasy o 9 JUl dnloea
Lo oiSan 5 o) p crodia bl (g luans 55 1S oyl 5l
)3 g5 g 03liz a.aj:.wf sk s L;ﬁfa)'\.\.ﬂ 3

S35 Olben o511 50 (g anlllan ol ok
oot @S5l e 5 0 VT 05555 JLs

Al S5

59 9 330
&l FLUKA (g5luan s 45 jlasdllas ol 5o
Elekta SL75/25 Lt siadylid o avdin (6 5lududa
4 odd rl;dl adlls JS7 .l oslil MV YA (651 55
roliel ke 4 LS g es gy (Gl 4nh D5
S W0 M5 Ll edd Gl and ankia o]l
S 4 33 Juby 5 (s 3 Ao )d 4 by e

A g, esIul g
23 bl Sledbl edatlis (g5le s g
JS5 sl S 5 5 i olis o i 350
Loy sla bl A g s, g0 odiailid okias
(e 0L 5 03 55 0065 Al adkear 1 (G Olks
el -lols 2l rs Sl esdle o 3,8 oy
230955545 pladarg bl oslanal asdllas o 55
e A S AMEV I YL 651 L g0 s 5
VMeV (5,831 5 0555 sl 1 ohs 65 Al e
b k3 8 Olnlonn o 513l o oS 3l 13
La0s 53555 4o by o Sl HiSen (o) shie
(PHOTONUC) LIS 5 5 6 &)l8 (&S558 )8 o

PO 190 3T . 1IEW ayladis @b § Cunyy 8)gs

ohsjle Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-9032-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

Elekta SL75/25 (i 033a330 ) (39398 oylays 5}l

(3 5 Cay 5 (Vo) +CMP) o jo Oloe eSS 4
g Be ) plate 4y Laosls 05,57 Jla i sl 0l b
SC s 2 Ll (pa b it ladlie oLl s
335 Jles! Slalows 53

OX0 Oliee 31 Olos 63101 21531 L casdllan 5l 55
Loodbe ol 23l il 3l O 555 la Cm2 YoxYe
3513 Cillas 1 Sty ST Lo 5 0k ) s
OO 48 e 51 Ka g5y 45 dim 8 (14VF O)Y)
5SB 5,55 s s aS Y Lls |y s ol
FE 5 sl o3Il s 2 St S SuST
05,55 o3lizul 5 Jdas Slaslous 53 Las (Yo xYecm? |
S5y o ¥s Al o ((SSluand 6l 33 awdia
sl 28 Slalllan ks 5 i bl

YL (ol 3t J s 4 45t 5S4 S
Trbe 05555 A5 Juale &S0 Ol o)l S
ylsaS (o35 Cabs Jdsa dl plbcdil
O SlaeSS 5 5 55 00k s3 os A 5 Sla0s 5 55 58
23 55 eSS o) ol 55 Lph e agme
LS o Wl 65 550 A8 450 SOy 5 el
23055 33 0 GRS 4 eSS ous &KL

ey oles & S5 pS 0355 50

References

1. Hashemi S, Raisali G, Taheri M, Majdabadi
A, Ghafoori M. The effect of external wedge
on the photoneutron dose equivalent at a high
energy medical linac. Nukleonika 2011;
56(1): 49-51.

2. Khan FM. The Physics of Radiation Therapy:
Lippincott Williams & Wilkins; 2010.

3. Meshahi A, Keshtkar A, Mohammadi E,
Mohammadzadeh M. Effect of wedge filter
and field size on photoneutron dose
equivalent for an 18MV photon beam of a
medical linear accelerator. Appl Radiat Isot
2010; 68(1): 84-89.

Yox Yo Oliiw o108l 55 05 5 5 A 55 (e ylael i) oled sloges

Sre Bl Ve 50 Ve Jol g 5 Ols S 50 5 (6 e Sl

! Enry)\‘:wﬂ' Y w1’
Y xYe gla Q‘.L:A o Il ys NERRY ngj.a‘ uL:.: ¥ oylods )'.35.03

e e Sl BX 0 5 VXY e 5 10x 1D

I R W) Py 3] | Ry N L P

LS 5L S 5 56 (ST, 0 055
1P 35 s sk or e 4l L ) AL
4 Ul 5 e (8C) , 5led 587 SST 5 55T6 l oo

s Oon 6 (Sl 58 53 (s B S Ol 5

4. Allardice A. Neutron production and
transport at a medical linear accelerator:
Colorado State University; 2014. (Thesis).

5. Hashemi SM, Hashemi-Malayeri B, Raisali
G, Shokrani P, Sharafi AA. The effect
of field modifier blocks on the fast
photoneutron dose equivalent from two high-
energy medical linear accelerators. Radiat
Prot Dosimetry 2008; 128(3): 359-362.

6. Pena J, Franco L, Gomez F, Iglesias A, Pardo
J, Pombar M. Monte Carlo study of Siemens
PRIMUS photoneutron production. Phys
Med Biol 2005; 50(24): 5921-5933.

11990 131 ¢ 1IEW a)lad codfuids g Caumyy 8)gs

ohdjle (i) eokc oGl dlas Py


http://jmums.mazums.ac.ir/article-1-9032-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

ulilSnb g yilimge jisg po

7. Awotwi-Pratt JB, Spyrou NM. Measurement
of photoneutrons in the output of 15 MV
varian clinac 2100C LINAC using bubble
detectors. J Radioanal Nucl Chem 2007;
271(3): 679-684.

8. Chibani O, Ma C-MC. Photonuclear dose
calculations for high-energy photon beams
from Siemens and Varian linacs. Med Phys
2003; 30(8): 1990-2000.

9. Ghiasi H, Mesbahi A. Monte Carlo
characterization of photoneutrons in the
radiation therapy with high energy photons: a
Comparison between simplified and full Monte
Carlo models. Iranian Journal of Radiation
Research (IJRR) 2010; 8(3): 187-193.

10. Zabihinpoor S, Hasheminia M. Calculation
of Neutron Contamination from Medical
Linear Accelerator in Treatment Room. Adv
Studies Theor Phys 2011; 5(9): 421-428.

11. Jahangiri M, Hejazi P, Hashemi SM,
Haghparast A, Hajizadeh B. The Effect of
Field Size and Distance from the Field
Center on Neutron Contamination in Medical
Linear Accelerator. International Journal of
Advanced Biological and Biomedical Research
(JABBR) 2015; 3(1): 97-104.

12. Zabihzadeh M, Ay MR, Allahverdi M,
Mesbahi A, Mahdavi SR, Shahriari M. Monte
Carlo estimation of photoneutrons contamination
from high-energy X-ray medical accelerators in
treatment room and maze: a simplified model.
Radiat Prot Dosim 2009; 135(1): 21-32.

13. Hashemi SM, Hashemi-Malayeri B, Raisali
G, Shokrani P, Sharafi AA, Torkzadeh F.
Measurement of photoneutron dose produced
by wedge filters of a high energy linac using
polycarbonate films. J Radiat Res 2008;
49(3): 279-283.

14. Saeed MK, Moustafa O, Yasin OA, Tuniz

C, Habbani FI. Doses to patients from

15.

16.

17.

18.

19.

20.

21.

22.

photoneutrons emitted in a medical linear
accelerator. Radiat Prot Dosimetry 2009;
133(3): 130-135.

Chibani O, Ma CM. Photonuclear dose
calculations for high-energy photon beams
from Siemens and Varian linacs. Med Phys
2003; 30(8): 1990-2000.

Sohrabi M, Morgan KZ. Neutron dosimetry
in high energy X-ray beams of medical
accelerators. Phys Med Biol 1979; 24(4):
756-766.

Kase K, Mao X, Nelson W, Liu J, Kleck J,
Elsalim M. Neutron fluence and energy spectra
around the Varian Clinac 2100C/2300C
medical accelerator. Health Phys 1998;
74(1): 38-47.

Powell N, Newing A, Bullen M, Sims C,
Leaton S. A radiation safety survey on a
Clinac-20 linear accelerator. Phys Med Biol
1987; 32(6): 707-718.

Paredes L, Genis R, Balcazar M, Tavera L,
Camacho E. Fast neutron leakage in 18 MeV
medical electron accelerator. Radiat Meas
1999; 31(1-6): 475-478

Mao XS, Kase KR, Liu JC, Nelson WR,
Kleck JH, Johnsen S. Neutron sources in the
Varian Clinac 2100C/2300C medical accelerator
calculated by the EGS4 code. Health Phys
1997; 72(4): 524-529.

Kim HS, Park YH, Koo BC, Kwon JW, Lee
JS, Choi HS. Evaluation of the photoneutron
field produced in a medical linear accelerator.
Radiat Prot Dosimetry 2007; 123(3): 323-
328.

Mesbahi A, Keshtkar A, Mohammadi E,
Mohammadzadeh M. Effect of wedge filter
and field size on photoneutron dose
equivalent for an 18&#xa0;MV photon beam
of a medical linear accelerator. Applied
Radiation and Isotopes 2010; 6(9): 84-89.

POl 1RG0 3T ¢ 1IEK aylad (il § Cauway 8)gs

ohsjle Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-9032-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

Elekta SL75/25 (i 033a330 ) (39398 oylays 5}l

23. Ghavami SM, Mesbahi A, Mohammadi E.
The impact of automatic wedge filter on

photoneutron and photon spectra of an 18-

MV photon beam. Radiat Prot Dosimetry
2010; 138(2): 123-128.

11990 )3T ¢ 1IEW a)Lasis cadiuib § Cunyy a)gs

ohsjle Al eolc oMl Alas PP


http://jmums.mazums.ac.ir/article-1-9032-en.html
http://www.tcpdf.org

