[ Downloaded from ismj.bpums.ac.ir on 2025-10-26 ]

[ DOI: 10.7508/ismj.1395.01.008 |

e Th alabys

&J"'Ju c:l> é&ﬂ—s‘;ﬂ.{) em‘g}é

{ {peoms ASs Gl Sl Dbk 5 (Ko ke oK
NP (VA0 Cuigus,l g oo,98) A — AV amin ) o)l ‘r.a.:)'}? Jl

ISMJ 2016; 19(1): 91-97

39095 <9 lo 40 Tl o g Y30 (0> §g9 Hinieo S
U590 L (95990 (S I sigy 30 aw poiild 3 wo 31 7,
o )15 Cogo (5 jlwamw 3f oolaiw!

T 5 dlrsy ) alype !
S Plros c Lo | e
Ab s oo gl oKl aly gl eaSils (Kb 055

. . . Z e - P4 - & . ¥
gra-pY w)b@b oBEls (glazan (g5 5 LRgn S

QYNAY/YY e o0 —A¥/) o/A tdlie 3L ,3)

0 S

S Obys Byl pd g WS 5 0558 slaadlse 555 polhe g b 05 GINIS Sy 4 ik Glasses Oloss a0 )
o psSB 5o (Bl 93 Hlie 5 F5e 593 Ol sl caddllae cpl Sldal Lol sdd iluand u pgSU S 0 5l 2ol 50
sl 03 53 ACRP 8 graS’ (g g 51 0 et Slows A a4 5 L Oloys Dds el

3 oAbk @ULS AT YOV p o5 RIS andar old) (S5 55 S 53205 DLl w080 G (G ol 5o b S, g 5l se
dw Jold g p gl AS B F S s et S e 5 gLl (JSE 658 Hseg S A Sileand (G5 s S8 sl A
@ 35 (Gilwamd ol 5o A S plxl MCNPX2.6.0 flule S SaS 4 (g5lutnd A2l Jho 5 dezmer (owsy S0
e F s Ghe (5 Sle Y Gas 3 e Slu V0 plas

5 Sl Cole e /000 35 (B 550 (it A (g e 0580 0 5 A GlacBlE b e Ol laaBl
il 5o & Julpd 5 Solm G L0y (2 593 o 358 Qdr s lle glacdl 5o S ol Jail b w by e
il o SIS a5 S e Iy I T d e 3l 5 demer g3555 3 25 ol g P

dal g Oy e s B8 5 3L 53 593 Hldie cdled CBL,s 5 akds 0 sgd Hlew SO By 3l SLE Slewlous 16 S Ao
Aylad 3 558 D g e O 51 e S 53 (59 O plad Jalae 590 Oleys Gl Byl pl o g

Sl U5 Olys Se e pdr 503 o B e S Sl p) Lses Gp b Slos Das S OB
MCNPX2.6.0

uﬂ)b’@b‘- AL by pole oSl (S5 035 ghe ™
E-mail:gheisari@pgu.ac.ir


http://dx.doi.org/10.7508/ismj.1395.01.008
https://ismj.bpums.ac.ir/article-1-774-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-10-26 ]

[ DOI: 10.7508/ismj.1395.01.008 |

VYO0 gl 5 o5 h /) osledh /pa3s s Jlo

S bl Y

LoOsss @S Ol iy, oo lis cl 5o
o35 S0l llyd s S pd 5 ke
gbackls sl @) oLl ol S Sl 2l
Silwand (o S3L 5 a8 5o Ly ke
plil JolS o5k a4 B Glafas 52 S Ll
5 LE amsl ol S35 Lo
JoL) e ol s sline (51 L sl S s
woars Lo Ol Sl 5 abes (s

338 oo 55 ICRP ) geeaS (slas Il

TR Rre
e $a8L ann g () Cow Oleys 0t
sl QT v;.-j‘)ﬁ- BE S sl (0) & u"JJSf
o S SAd 5 e s Ul slas s
Joe olwand oyl 53 Wledd S O 2>
Oloys Gawdn (ge 55 (Godias |35 slse ()90
)lebu@\b(oﬁf«jkﬁgu‘};jﬁ LQJ);)J)CJ(JJJJ:(J:
Sl bl el MCNPX2.6.0 slul=s us
oo 3 el BNCT Sleys sla iy, (silwans
Wl U;J) U‘i‘ DL J)-\:'dﬁ oslaiul })\5 C,..:}A
53,5 gilwans a3 e Oleys s 4>J Sgh o
SLlS L 23815 plasl 5 D3 S oSyl 4 5 L
Lf:)) EM)@ .C) Yb )LﬁT BEEE) Lolea 6\0))3[5
ol s slaiss S e S Sise
S &S 44»...:;91- JAL& ;5"-5)5)" M (F=N)
bl 5 LE 5 S5 il sls Al sl
8_}./4))‘)\}» db;}i}jbw s Q):J)(
r.fjd.ljls ‘abujﬁ:b)}a ‘54—%«-’: el o e3ls (O)
w) S Gl algmal Ghais g ania AiL e YOV
s Sl Gregsla 2/00Y Jsb 5 o)) glas

? International Commission on Radiological Protection (ICRP)

VRV

Sl Sl s el Loy, b P05 5
(Do ol 03 s e esliial (Giae glaysa s Oleys
Gy e w4 s OLSS ol )l el
Sl S0l s ey &S Glasl e 358 s
(PFn b S B LaFs MBS
O ets 5 (0B Ly b 0555 ol il 3
MB* bl 5 e Spdy e s VVBF @
My L og 5 LDV oad (o) W ol
Goasdome 53 15355 5 VLE 50 s Lss
e el 5 s e s ) e glad sk
Gthst &S ol bbb L5 s ol
Loy s cdr 3l d gl gla sl
el Ol O (glzel 5 il 4 L si o oS
LSkl (b L e il (ol 5o s e
adsho a1y 55 (551 Wil oo il slals S
(V) doled Jame O slas! 5 lacsl,

WO s pll il 5 gt bl gans o
Slod Gas St (e e ohaw
Ganlllas 5)50 e Sy 55 Sbaaaln SWS &
058 (oMo Yo rd Jlo y3 ilad S 51 3 6 i
5 53 Sl oLyl w0 olKes 5 (Ghassoun)
Aol gl 30 Keal » B bkl Ol J.JU
(@M VY Jle s (Y) izl YOY (o5 ,adlS
53 BLos 553 5 s 8 eslinad DT ganin S
(e YOI F Jle 5o (F) Wi il - (xj:.}l.é
Olssas PHITS' 51 o, Kes 5 (Takada) 1slsG
Lok b5 psml s Loged eslitel asis

() s S goluans

! Boron Neutron Capture Therapy (BNCT)
? particle and Heavy lon Transport System

http://bpums.ac.ir


http://dx.doi.org/10.7508/ismj.1395.01.008
https://ismj.bpums.ac.ir/article-1-774-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-10-26 ]

[ DOI: 10.7508/ismj.1395.01.008 |

W/ an 8 S0k Ll pd g Soe (pdor 595 ,lads

UL, 4 (gl

Cewdty ol 553 g 3 AU Sl
535 4 hdS o Sl eslinad b sl o Sl el
(V) L J.i.,\J Jales

H=wgrxD )

2 S e S Bl 50 HOOT 5o s
WR il s od>= 550 D 5 SV/hr) el
593 bd ol ) dsdr el s ol

Llodd esls (Jslas 395 4 ol

393 4 @der 595 s el e (V g

(V+) dslas
e $5 5 U N &
) S~ 054
0 E<y-(Kev) 0355
Ve )+ (Kev) <E<y .+ (Kev) PSP
Yo Vo (Kev)<E<v(Mev) PSP
Ve Y(Mev)<E<r.(Mev) G558

392 623l g5 L S o e 85 K L
53 4 Jalee S sl e el e S5

Llodd 0als Y J)J} B J.'F}A

50595 4 doles g s cal o (Y Jpusr

)
P oS b gl
ey S5l s slad
/00 e
o/ S 2

Ladl

3 Os5p slaadie i e ¥ o5 Y b IS s
Sl & Gyegs LB1) Olasl w0556 55 WE 555 (piomes

Kl osls (FrPPM 5 j20) 550 aliies lackale
Sy 2A W S e O 5 Y Gl K8 s
s o bl (il 4 (el S e 5l 2ol s
SLosis S 5 & JSE 5 Ll Cesay

d%.)&\a@@@ﬁb;&hﬁm@lﬁﬁ&jy

G550 Ol o G p 5306 305 055 8 s
W3S Slend G555 e A a2

O g5
S S 8 5N Sy kb a) eddlaaed p sl
5 dermerr (e ey P dw Juld (e Sl VF
3 e Sy e Glp pele SLS S Cul e
Soses Ldd by ) ICRU Y7 51 aamas
Y oGes 5 e Sl V/0 C‘*“ w S s S

A a8 s 5 (e 6 e sl

BNCT s, 55 0less solgiiny (55l samdin (VS

(b 5l 23U ol Ol gkl Bl a4 gl
oy B ool I3 mabs g ) U:JL% sl
gl ol aldls e n ULy Aol o 5Ky
2l dlols 2 Sl O/0 3 gd> amyy3 3l Hse 8 S
Slsle a3 by JlMe ol ke o
2 Jenie) sy il glacdale Gl 4 (g 5 gaslS
DpP 3 4 e LA el (e gl ler
3038 ) oy slachle il slie 5 ke o
sasly o gzl bl adg daasly Goo
53 353 4ol LS 580 Sl eslatal b5 (6 5 5eslS
sy gd= s i MCNPX il
G WSl 5 e 5 Sl B8 (Sl
Sl Kkl s GYHND el 8

http://bpums.ac.ir


http://dx.doi.org/10.7508/ismj.1395.01.008
https://ismj.bpums.ac.ir/article-1-774-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-10-26 ]

[ DOI: 10.7508/ism;j.1395.01.008 ]

VYO0 gl 5 o5 h /) osledh /pa3s s Jlo

ek /]

0.06 T T
- ..ok
—O— S i

0.05 —A—
i Gsle

-
“
0.04 1

sSv 5
( /h]‘) 392

03 g lale el s lages 2 LS aniil 5 0355 S5 50 (OS2

in 5 B0 e 3 el FPPM e

0.06 3309 50)8 50 g ke jha 50 5y CBLE
O 3 5,000 g FePRM Sha 58 53 CBL
I 1 PP 3ia 0. F+ DOM 33857 33 s 30 CBLE
f\ s Ao 33a 50, Fo PPM 53057 58 53 LS

(Sv/hr) O, o

(Fai) Gas
ﬁ;;uiﬁw;‘u@w ‘5th;o.9jauj)b>;);j§)3;}»)‘ﬁ(9 |
oglae Lyl s

0.040

— 3303 iy 1 53 gy phes e 53 53 CBLE
O e 080 gk T PRM 3 5y CBLE
e 1+ PPIM 3ia 5. F DOM 13055 33 330 CBLE

R i i 5 5. Fo DM 3057 38 331 LS

0.0354

0.025

) e

nr

0.020

(SU/

0.015

0.010

0.005

(atila) Gas

53 Dbl o o 55l il slaGas > JUl G 0555 e 5ss (V IS
ilies Loyl 5

Sow

‘)j’.’b.‘:))j:}; 6)‘.1.:‘; C)LAJJ ufuj))b U\S O.“v\)b
Seoslp ol il s S ol s i
Sl Ol o5l S 0 51 ol [ ge s

23 e ol s G555 e Gawds 3 S

@ bys sl /000 SVINF 550> L5 s

Sgdd ol e ‘(.JL,: slacsl s a8 ol il 5
o2 b Gl Osp sosSs Fhe 5ss v ISS s
G Gllsis pdr 553 Olpe Lledd 4l
Clr s Gl glaldl o as al s s SOl
Moy Sl T s 5ae 3L 5 demmar ($3555 3 3555

0.050
¢ el
M5 ¥ —o— Jim e
[ &
04D ==y ol
0.035 4
a
EN
R 0030 . 1
N
.2 0025f ]
2> /
% 0020 Y . 1

cilie e 53 (0555) LS anil 5 0555 slaadlie S3o 555 (Y SS

el oo e 3 g Bl g5 36 p g1l

0.045 T T
‘77 . —— . N
0.040 / & S asd
/ —A— &
0.035 / 3 —— . ors
20030 ]
£
A
5 0.025 N ]
> oo \ B
I \
0.015 ]
0.010 A B
0.005 \ 4
2 A,
o G-
0 1 2 3 4 5 6 7 8

(et gos
e slagas 53 (0558) WS aniil 5 0455 glaadle S3e 555 (F IS5
e X PPM e sy il e 5 156 o 56

0.050
- P
0045 —o— e ]
—a
0.040 . . o j,‘: H

(i) Gt
s elale 0Ll Cilis GlaGes 53 LS axdl 5 0555 e s (F IS

Al ) PPM 5 PPN S 5w she Wl 8L 5 55a s 2

http://bpums.ac.ir


http://dx.doi.org/10.7508/ismj.1395.01.008
https://ismj.bpums.ac.ir/article-1-774-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-10-26 ]

[ DOI: 10.7508/ismj.1395.01.008 |

W0/ 5508 S 0Ly Ll pd 5 Fhe pdor 593 ik

UL, 4 (gl

Al sl e A 51O Bl s Ol
Slew ST aS il cpl Kl e 595 Olpee Sl
}j) céj.:f )\Jﬁ QL&)JC,\Z;CAPLA&?‘QMM
d’l\ 2 O J.Alj?- 00 mSv S9d>= (S Lf:’éli)')
A MSV s5d= Oleys 3l aids a5 sles bl
W3Sy 3 S )3 S S dalyt Cdbs 5
Ao S dales FPMSV s a8l s 95 Ol
Fr o 0 b Sl amly 08 Olabee
Wl 503 5 0 plad Dol 550 led il o
Oloys ol ey azsilor  lad ol S5l Slne A 5
Ol cad> 0 8 55 A3 {xl>.=3| >0 93 b,
sed> BlLos s i (Sl adds ¥ ey
S Opamed 5 g ke glac bl 55 S350
S sla s 5 aS A atls  Oleys Gleyoode
Llad 5oy edis gloylil OF 4 LS 5 sba
4 S YOV (054068 g 5 o o pm (5ol
eSS Ad oLl aedds A p &S glaacls il
L. U‘);;;“ ce.,\..j LStAL;""JJ’ BLIER %) w\ L: s
Sy Sl Ol aln ib 5 ps xS

Ssed 2Ol o slane sla Gas s il

d‘))u\j) dﬂl:.w
C«?)Lu 09> )'\ JJJ\:L;A r)‘y 3 p u@.l.w..i).:

9 ;\JJ U"')bc:l} onﬂb LS)}L.‘-‘.) B Jﬁ.ﬁ_}}ﬁ

References:

S3A L GbOs s S sae S el ) IS
Oss 5 3o Jold) o disie GlaGae 3 oline
e g andy 4 a8 Ll Css,
Slowlons v il gla o olse i 5 o505
sl o MCNPX2.6.0 giloans &5 S&S o
Dl S Ll sl s el glacbkle
SLUSE 53 S s @Wllin (¢ slS sal
Olyes & am 55 b oy g ks py3lie il esls Y-V
R B e Ot P YA v
5 S e (V) 5 Y) il el 56 01Ss
e ol OLAS Oliwle LS (gl US 55l
o by (ol slels s 5l BU Bhos s
s oder @l glacsl s s &S Cl a0
5 ks Obeys sl Sol = slaos 56 BNCT s
oy 4 s LE wsl Sl il s g
rae el 3 Gl S8 lels s
S eh s i S OB ol s il e
e S il sty Sl G sl s
Sy asbe /000 SVINM ss0= 55 Jie 5ss
Sde el GBS 30 Skt Sl S S
535 Oy B Ll Sle o 5S4 1y Oloys Ol
OgpeS ileld Gols O Slme = 1 L5
530 MSV 350 |, O plad Lo 550 ICRP
Sl e gte 593 a5 ol Aiae 5 03 S slely Jlo
AL e ol 3 eSS el (GG e
SHBSE B ol Sl Sl gl cnlal

1.Green S. Developments in accelerator based
boron neutron capture therapy. Radiation Phys
Chem 1998; 51: 561-569.

2.Ghassoun J, Chkillou B, Jehouani A. Spatial
and spectral characteristics of a compact

system neutron beam designed for BNCT
facility. Appl Radiat Isot 2009; 67: 560-564.
3.Rasouli FS, Masoudi SF. Simulation of the
BNCT of brain tumor using MCNP code:

http://bpums.ac.ir


http://www.sciencedirect.com/science/article/pii/S0969806X9700203X
http://www.sciencedirect.com/science/article/pii/S0969806X9700203X
http://dx.doi.org/10.7508/ismj.1395.01.008
https://ismj.bpums.ac.ir/article-1-774-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-10-26 ]

[ DOI: 10.7508/ismj.1395.01.008 |

VYO0 gl 5 o5 h /) osledh /pa3s s Jlo

e g

Beam designing and dose evaluation. Iranian J
Med Phys 2012; 9: 183-192.

4.Takada K, Isobe T, Kumada H. Evaluation of
the radiation dose for whole body in boron
neutron capture therapy. Prog Nucl Sci
Technol 2014; 4: 820-823.

5.Gheisari R, Firoozabadi MM, Mohammadi H.
Optimization of the geometry and composition
of a neutron system for treatment by Boron
Neutron Capture Therapy. ISMJ 2015; 17:
1113-1119.

6.Hendricks JS, McKinney GW, Fensin ML, et
al. MCNPX 2.6.0 Extensions. Los Alamos:
National Laboratory; 2008: p.

7.Ghassoun J, Chkillou B, Jehouani A. Monte
Carlo method for electron and photon
absorbed dose distribution and beam quality
for radiotherapy applications. Phys Chem
News 2007; 36: 63-66.

8.Mirzaie M, Mowlavi A, Mohammadi S, et al.
Absorbed dose calculation from beta and
gamma rays of I in ellipsoidal thyroid and
other organs of neck with MCNPX code. ISMJ
2012; 15: 201-208.

9.International Commission on Radiation Units
and Measurements. Photon, Electron, Proton
and Neutron Interaction Data for Body
Tissues, ICRU Report 46 (Bethesda,
Maryland: ICRU Publications); 1992.

10.Cember H, Johnson TE. Introduction to
Health Physics. 4th ed. New York: McGraw-
Hill; 2009: p. 331-348.

11.Barth RF, Coderre JA, Vicente MG, et al.
Boron neutron capture therapy of cancer:
current status and future prospects. Clin
Cancer Res 2005; 11: 3987-4002.

http://bpums.ac.ir


http://dx.doi.org/10.7508/ismj.1395.01.008
https://ismj.bpums.ac.ir/article-1-774-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-10-26 ]

[ DOI: 10.7508/ismj.1395.01.008 |

ISMJ 2016; 19(1):91-97

Original Article

Evaluation of absorbed effective dose and treatment
conditions for a brain tumor outside of the head
phantom center in treatment by Boron Neutron
Capture Therapy Using Monte Carlo Simulation

S. Mirzaiee !, R. Gheisari ¥

! Physics Department, Faculty of Science, Persian Gulf University, Bushehr, Iran

>Nuclear Energy Research Center , Persian Gulf University, Bushehr, Iran

(Received 29 Dec, 2014 Accepted 13 Mar, 2015)

Abstract
Background: In the field of the treatment of brain toumors by Boron Neutron Capture Therapy, the dose
amounts of the neutron components and gamma, and also treatment conditions for a brain tumor out of the
head phantom center were simulated. The objectives of this study were to calculate the effective dose and
the received dose in a head phantom and determine the duration of treatment, according to the extent
permitted by the ICRP commission.
Materials_and Methods: In this research, a human head phantom in front of a neutron system
(including 252Cf source, moderator, refelector and neutron and photon filters) was simulated. A spherical-
shaped tumor was considered outside of the phantom center. The head phantom consists of three parts of
the skin, skull and brain. The simulation was done by the MCNPX 2.6.0 computational code. In this
simulation, the tumor with a radius of 1.5 cm at a depth of 2 cm inside the brain was considered.
Results: Tumor treatment was investigated with different boron concentrations in the head phantom. The
maximum dose is approximately 0.055 Sv/hr, and is related to the conditions that Boron is not absorbed in
healthy tissue. The absorbed dose amount of the epithermal neutrons, under the conditions that Boron is
not absorbed in healthy tissue, at the entrance of the skull and in brain tissue extremily drops, and
gradually decreases.
Conclusion: The calculations showed when a patient receives radiation about 5 minutes, the received dose
equals approximately 4.6 mSv.Under these treatment conditions, the whole body equivalent dose does not
exceed 5 mSv per year.

Key words: Boron neutron capture therapy, brain tumor outside of heat phantom center, boron concenteration,
absorbed effective dose, duration of treatment, MCNPX2.6.0 computational code
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