[ DOI: 10.7508/ismj.1395.01.008 ]

Downloaded from ismj.bpums.ac.ir at 11:51 +0430 on Wednesday June 20th 2018

s b wlialess
‘_,,..Jlé @.\5- é&ﬁ—&-ﬁj om‘}};
‘= e 7 A Sloss (Rl Sl 5 (S p e oKl
N/
NRTDE (VW0 Cigus,l 9 cp3y98) A) — AV amio Gkarbﬁj"ded
ISMJ 2016; 19(1): 91-97

39095 <9 lo 40 Tl o g Y30 (0> §g9 Hiuie b3
U590 b (9590 S I (sigy 39 gw pol 3 wo 31 2,
oF )5 Cago (5 jlwanm 3f oolaiut

*Y 40

- \ R
S “'“CJJ NP UR R
,q»:‘,.g uﬂ)b@l" o@‘b sA.‘o.L‘o: r‘,.\.& eM‘b “-;1’.}:’ e})g‘

*:x w)b@l" o@‘b 46‘4:...& ‘531.5‘ ‘;.‘;A}}: J'.SJA"

QYNAY/YY idlas 50 —AF/) /A tdlie 3L 55)

e AS>

.

S Oleys Jlpd 5 LS 5 0y 58 slaadlie 555 polis g b 0555 NS o) 4 ke sLoges Olys (ame) 53 i)

o g5 s 23ls 555 Hlake 5 S5e 555 Ol Gl addllae cpl Dlaal sl 0dd (G5lutnd g p 55l S e Sl 2y e s
sl 0393 ACRP 0 graaS (5 g 51 0k (mond Sloms Ao 4y 4z 5 L Oloys ke oed

5 ekl S LS YOV o0 IS anlr Jold) (S35 8 e S (S5 205 Oldl 550 G G cpl 5o ey 9 3l s
o Jold e p Bl s a8 F B s g8l S 5 o (RS S s Sy AS S3leand (Go55 s S sl sk
4505 (Sl cpl 53 b3 B bl MCNPX2.6.0 (slulons uS SaS' 4 (Slutmd ASbi o Fho 5 deomer (g i
A F R e g pa e Y Ges 5o fa il VO plad

3l ol g /000 39 (B3 593 (it A g e p 55U 53 s lises gl dals b ey Olays ibaadl
sladl 5o & Jul 2 s Sl G L0y S 2 593 Olim 3535 il s lle glacdl 5o S ol Jail b w by e
bl o RIS 458 a5 5 S o Ty S TS e 3L 5 Aeome (3555 53 355 Dl L e

dal g5 Oy o s /5 59 23l 53 553 Hlkie cdyled CBL s g akds O 3gd Hlew o By 3l OLE Sl 16 S Ao
led gad 558 D g et 0 51l G 55 55 O ples dalas 593 Oleys Sl b al o s

Sl IS Dlys e G x50 g S e S 5l 20 e Gp b Glys 0555 (e ddS 085
MCNPX2.6.0

b oKl by psle STl (Ssdos S edn ¥
E-mail:gheisari@pgu.ac.ir


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

[ DOI: 10.7508/ismj.1395.01.008 ]

Downloaded from ismj.bpums.ac.ir at 11:51 +0430 on Wednesday June 20th 2018

\Ya0 %é)ljtﬂ})}}é/\ aJL«f»/‘..M}j JLA

Crer bl AY

L Osis olS Oleys i, oo elae cpl s
o580k Lkl il 5 e pdr s i s
glachle il a) oLl w o536 S5 5l 2ol
Giloand (o S35 a5 5 Ly il
il oS 55k 4 3 lafass 55 oS Ly e
5 LS a3l Aol e e Lledis
JoLD) s psml s Dslite 51 L lads S s
g odrg Lo Oy SDde g odle (Ggeg

335 o x5 ICRP & geeeS (slas i

C-TBRRIre
e $8L ann g o) Cow Oloys 0t
has O (2 53 8 1l O) oz p S35 5
oA Gl Sl s e s ol sbls S
Joe ol gl 53 ek S OV o
Olps Gamlin ge 55 Godns JSE5 3l jsa s
Seslinal b G b 5 LIS 05558 055 5) Sld ol 5
Sl il ool MCNPX2.6.0 ilbme 5
oo 3 Al BNCT Jleys gla i) gilwans
o SR il 3 s edlid G s g
235 (gland s o 5 Ol 2 ES P
Sl b8l il 5 3 S oSyl 4 a5
ISR RS Yo Sbl s 5t slo, 5518
Gl o e s, Sl S S8 i
WS XS i bl sgp e (GoA)
bl 5 LS 5 G5 il gla s sl
& olae sla S5y 5 Slasin ol 050 5
v.:jji.“JLS slatals g0 (Gaeir Ll ol eals (0)
@) S8 Gl algal s e andar A3l e YOY
S el GraBle v/enY sk ) plas

® International Commission on Radiological Protection (ICRP)

4o e

Sl bl Sl Lisy e b Slsos s
O el 03 s e el (Giae glaysa s Oleys
Gy sl w4 Ly SLS S ol sl el
oyl 18 ol s sy &S glasl e ‘nﬁ‘ja
(PFn b S M Lss N Ces
O s 5 (0B Ly b 0555 odr a3
MB* bl 3l e s e Syse VIBY o
My L 0gs 5 VLDV o2 (o) W ol
Sedsdmma 53 1y 5 5 S VLT 5o b Wpd e
oA Cel g s e s 3l Hse s sladsle
Gyt &S glo gl gl b s S e Lol
Loy odr 5l de s o ssnlsnsl
el Ol O glasl 5 sl & L ps o Jen
Lol b L gla ot gc“e\) SRR
dadsho 4 13 351 Kl5 (o3l sla0 s Sl
() gl Jame 0 slasl 5 Lacsl

Lol gll Glsdl 5 g aed bl sans o
Sl 0558 sl (e oss ke
andlas 3550 Caliee Sy 08 glaaais SWS 4
O3S g% Yo 08 Jlu o las 515 (g i
5 593 Sl oLyl w olKea 5 (Ghassoun)
i sl s> Kl 4 VB clle Ol Lt
@AY Jlo s (V) izl YOV o5,)S
2 Bl 50 ks S el DT guain )
e YUY Jlo 53 (1) L aloms o p 555
Olsea PHITS™ 51 0l Kan 5 (Takada) 150

() s 3 osluans

b QJu J»Li (aji.:l.% 9 JJJ}»J oslaial  dai>

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

http://bpums.ac.ir


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

[ DOI: 10.7508/ismj.1395.01.008 ]

Downloaded from ismj.bpums.ac.ir at 11:51 +0430 on Wednesday June 20th 2018

A/ 905 S Obys Ll o g S50 (pdor 593 Hlke

UL Ken 5 (g pad

Cedhy g 552 S g S AU G ol
335 4 b alps Sl eslimal b oasly a5 el
(V) ki ks Jbas

H=wgrXxD M)

JERCTYRRGRE Y U NS TN S I ISP
WR il s od> 533 D 5 SV el
330 b eV dode el b e

Llodd esls (Jslan 95 4 ol

395 4 @l 595 bt el e (V g

(V0) dsles
et S35 FrEs
A S3A 055
0 E<y+(Kev) 58
Ve Vo (Kev) <E< e+« (Kev) 558
Yo Vo (Kev)<E<y(Mev) 558
Ve Y(Mev)<E<y. (Mev) 558

532 ol g b S uss Jee (B8 B 0 L
533 4 Joles 533 b culs el sty g

Aledd osls ¥ Jydr 5 e

F50595 4 doles g3 s el o (Y Jgus

(CED)

T S g
o/ Sl o g
e e
o/ [Swps

Ladl

3 Osiy sladie She e I o5 Y b IS s
61}\4.3())»)5.,\3\5)0\,@\).&D:Jlé):l.alfjﬁw

Ao aals (FrpPPM 5 20) 5 0 e lac bl
S oA L) S 0 0 5 T S
e lacble il 4 (a5l S e 5l Z ol 05
sldsss S 55 & S 5 Lkl Szt

b Aot aglia oa b il Lyl 5 3 il

330 Ol o Sy 0556 2505 O35 08 e
WS (lednd SuSS e S )

O 59
S S kb WA S5 kb ) eddigsluans p sl
5 dazer oy R 4 Jald (e Bl VY
5o Sy e Slp pole SLS Sl SR
o Las sl (4) ICRU Y2 31 desees
VoGee 03 etle V0 el w K8 S

A a5 kS s 5 Ghe e Sl

BT

BNCT s, 55 0l golgeing (iloand gawtan () Jse

(b 3l 20 ol Ol skl Plas 4 gl
sy Bl L3 mmsy s 1 el el
i oo Bk s A s UL Aol o 55
21y dols xe il O/0 3 5d> a3 3l Hse 5 S
Sllee Gy mdge i s sk &
2 Jetie) Ha il glac ks Gl 4 (6 5 selS
0308 25 4 A Ll pldl (s g0l e
o3 03 sy slackls Gl polie 5 sae o
Sl g Gl b ad g daael, Gae
23 533 4 ol LS 58U Sleslanad b (6 5 5eelS
sbosss x5 ol MCNPX wli
e WS a3l 5 e s SOl B Sl
Sl Ll casa GYHND cele S

http://bpums.ac.ir


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

[ DOI: 10.7508/ismj.1395.01.008 ]

Downloaded from ismj.bpums.ac.ir at 11:51 +0430 on Wednesday June 20th 2018

VY0 gyl g cpsss8 /) e;lm&/‘..a:}‘,l J

Crer bl AY

0.06 T T T T T ™ T T
* il

—O— Sl o
0.05 ——

— Galad

e
Sk

0.04 4

sV ,
C% ) 392

B )ﬁ&lﬁ.fﬂﬁ%éh&b}é LS ansl 5 0555 i3e 555 (OS2

s 55 6 L ol el FoPPM e 5

0.06 33097 50)8 H0 53 Bady ke jha 50 5y CaLE
O a5 530,605,0 gy« o PP Sha 30 5y L
N 1 PPM jae 53, F DOM 33455 5 30 ili

N

e Ao e 330 F2 PP 5307 50 53 L

OV ) 39>

(Reatilo) Gas
,;oui,ﬂp;u_@-' L;Lak}a,c)swjjf-o;):).i;}:)‘}:(f }i.w"
oglae Lyl s

0.040

o] 3305 308 5159 o3y e 33 53 CBLE
TTOT 3y 050 gk« Fe PP i 53y L
e 1+ PPM a2 ;3. F+ DOM 13057 13 90 BlE

\ N

0030f \ Ny - Ao 3ha 3 Fo PPM 53037 58 55 L

0.025

) 5s®

0.020

(.S'U/

0.015

0.010

0.005

(i) Gas

53 DLl o 55l il Sl Gas 5> U= G5 0555 S 5se (V IS
il L)

Cow
c)ﬁb.g.)jjjj.; LSJ"L"j; C)LA)J d:j‘))) g)lsw\))
Sl Oy Ll a5 S pde s e
Sobward Ol o8B S e Sl ol se s

2 e 5l G555 e Gawdis A3 S

4 by g ol /000 Svihr s~ 8kys 50
Dged oder g el ladl o &Sl el 2
2 b ol s slos s Sie 50 ISS s
B Gbisis pdr 55 Olpe Lledd anglis
ol e (.JL..: sl js &8 ol o s gl >
Iy 3l s e L dazmaz (83555 3 255
Al o alS a a5 LS

0.050

¢ [l

0.045 ’ —5— Jim e
/ ——

==y o

0.040

0.035

0.030

0.025

0.020

Sv
( /h].))ga

0.015
0.010

0 005{

il Gages 53 (0559 LS andl 5 0555 sbaadlse S3a a0 (Y IS

el o re 53 s Sl e B

0.045

+ et
0.040

0.035

0.030

0.025

0.020

(Su/hr> 9

0.015

0.010

il (SlaGas 53 (058) LIS andl 5 0555 slaadl o i3 555 (7 JSs
e FAPPM aa s g e pe g 36 5

0.050
- ¢ i
0.045 —— il
e
+ &
0.040 " cos g

(i) Gas
)ﬁ\;ﬁ.l.é.[)L._',\f,,J&néhw)ablfu.iljdjj]}i;}a)‘g;(fﬁi

LSl ) PPM 5 ¥ PPM s 5y o Ml 3L 5 5055 03

http://bpums.ac.ir


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

[ DOI: 10.7508/ismj.1395.01.008 ]

Downloaded from ismj.bpums.ac.ir at 11:51 +0430 on Wednesday June 20th 2018

A0/ Hge 8 S Olays laul i g j5e gdor 555 L0k

UL Ken 5 (g pad

Ll 55l slee A= Sl 0L 2L 55 Ol
393 <.>J:§ 8 Ol o cole SO e 4
ol s s Al 00 MSV o ssu- s L
'/q mSV J)J}- GOLG)J )\ @)JA)J )Lo..:{ ‘JJL.\A\
B3y 3 Al ) S5 daler il B
Al A sl FAMSY s su Bl s a5 Ol
S a3 0 spd Hlen axiler O Dlalss
Wl G 5o 65 0 plad dolee 5o las 2l s
Oloys el ey amsilor doled ol S5l Slme a5
Ol ¢4.L>J4Jh)>} =R fl"'J 4.LP'JA ER) L;b I
spde los 5 e cAdl 4dds Y s g
O Oeemed 5 s ke Glac bl s S5 593
b sla g s as Ad astly y Oleys Olejde
Llod 5l g edis glolal of & LS b
@ Cand YOV 05,208 g 5 Jom 4y pa ool
fas.,\.iéju\ umu;szédum;}ﬁb
b. d‘)JLSA cc.l.'\J LSLAL;"")J" BENERE X U'l\ L' s
SLoses Sl b Ol waln ik 5 ps o8

d‘é).).; K g"‘r‘
C,le:u o) 4> )\ Jwbw rjy J}}'- B Q@M_f
E) S.m_v"'“ w)uc.b-w BRI &))u 3 u-:'-“)}:

References:

S5A L sis s S ses Al el ) IS
U5 5 e Jold) o iliies laGas 55 sl
i g ey 4 s bl Casa,
Sl o e Gla i 3lge im0 8
sl3l & MCNPX2.6.0 ilua: &S SaS 4
e K8 4 L pll Ly il el
sl Ko 5 ok Wl (6 5 sslS saali
Olies a5 a9 b alisis olae . UUS ols Y-V
S Oldles > S aml il s Ly ods
5 S e (V) 5 Y) el 55 01S0s
i 313 0L Slaaloes E (g5lwand IS 3l
w by (ol Oy S s 5l A0 Bl s
i ol Wl glacdl sy &S sl
3 L Ol sl SOl slaos 55 BNCT s
s a5 LE el Ll il S g
rae ool Solm 08 slals S
b as e S OIS ol s sl e
O Sla= el Csts Sol>= G5 G0y s
Gy il /000 SVINM syu= 55 S5 593
Sde el G0 1 (B0 ol S S sl
335 Olpee U by Hlade o S a4 1y Oleys Ol
OgmseS el jold O jlee A= 51 8L s
53 0 MSV 550> |, Ok ruj s3b,s 555 ICRP
Sl o gie 593 a8 ol Adas 5 03 S sl Jlo
il ke ol S S e GAG Cow
OB Sl Sl S S e sl el

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

[ DOI: 10.7508/ismj.1395.01.008 ]

Downloaded from ismj.bpums.ac.ir at 11:51 +0430 on Wednesday June 20th 2018

\Ya0 u—ﬁﬁé)“gwb)}}/\ uJL«.f»/rhbjy' Jl

Cre bl AP

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:
1113-11109.

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 **!1 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://ismj.bpums.ac.ir/article-1-774-fa.html
http://dx.doi.org/10.7508/ismj.1395.01.008

[ DOI: 10.7508/ismj.1395.01.008 ]

Downloaded from ismj.bpums.ac.ir at 11:51 +0430 on Wednesday June 20th 2018

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
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(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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