[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

YV—Y’?I(\ ) \'% 69> Q¥
Journal of North K

AV +\Y: g0
AN YIYY il
AIYIO: o iy

ouy 310 JLid (50 39 19093 30 WSl S 9T ¢ 30 il I 5L Ao
Geant4 o 31 ool b ¢p gglols &

"ol o oo ol sige | pacili 5y tams T Linlp)] Lego

0aSzily (Dl g pale 9y ¢ oDl o131 ol8tils ((glatud cwsdige 09,5 ( SKibj 53 (cwsdige bl G..JL;,;";)lS‘
IRl Ol (emie 9 (0

Ol @ gy )15 Dlakons 03Kyl e slaiud (38 5 pole olftngly ol

Ol @S dagi )5 Sliging 0uSiingly «slamd (1935 5 pole olftngsy o lutsls’

Ol o) 5 omite 5 228 0aSils ligiod g pole axly o sodlul Sl3T oKl ¢ sl swaige 09,5 ¢ boliul’
Ol OIS (w9 (o1 oSl «Dlidzd g pale axly ¢ godlaol ol5T olKiisls 1 ghumns o inns g5

mahsa.el hamnia@gmail.com g xS o

oA._,.\’._-_g

i b o igish il S5 gy  ppas 4l o odz o il jshine a4 1 DUB g A )
Gy 55yl ol slogin b o] (20 il 5 G ki 5 Kw jlu Jle5 jolic dhowy 4 9057 50,5
o o il coge 4 00g I jgepi 4l o 0T leisS T e 3g, () 40 gl o o0liial
3O & ey yslie 4 GEANMA ¢ ignrals U5 ulul o o >l Jio 0135 (5395 g Slgw
PG &g 4 oS0 7 dai ogislOF paic Lok Jle jgosi 5 pllo S8l cilisie i o
W (lojl) (T3] 5 (258 5057 ol S8b) pgils 5 yianlo 10 Elads 4 jgio (htmio S5 4 (el
olal b ubatno cx$o G &yg0 0 jlo IS8T 4l s 428,57 50 1 FCM 2ls 4 nSo S0
X Y, Z slo,gomo olizal ;o 5 4zils dols) FA/FY M ac b pgiild pelaws /45 39 FexFexFA MM

el (SUL o
b i ] gy p0pi 4l o oy o 55T 15T s8] jalice 4 Loy 5is8 digs 5500 1L ASBL
ClE g5 b o 55 3057 sl yo o iy el Sy g i 5L DYE (osigJlS pie

o o0 Sy g A BTN FID (G510 o (SIS G 5 A8l (el e JlaS pcie
03gukrto 40 Iy ki ! 45 Ao0 o Glid jlu Jled paic Gl 4 Cond de o il Ol peds LS

o 53095 4l 0 (ol 0 i Gz )0 (il 4 I Jole mls ol :1.5}.‘: Azl
s STb2do B 5B 4 15358 51 5 jlo Jle paie CBE LS L Lo JleS paie oged 48ls]
w/l‘.lw.u ol o L;)/d)jéjy}f d.rgllb LY

o ole el il i o0 Sl 53T o igisd (il Jles b G loy 1 6 0adS (W 0lg
Geant4 .5 L.



http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

oo ¢ Lipll luges

e Sl clagip 53 ial8l 9S8 ales” YA

Collad osbiee By (Gl sbadske (9,5 il
4>l 50 S pse g (a1 9 Sl Sl she wal
90 SlaS 5 45 29 oo e ge e ZBb 4 L 5095
Sdre Olge & S 655 ,5 sladgSIge hlo o5 Sl
g ol Haegi 4l jo i it S 50 S92 g0
Lol (551 a5 plaSs ol ansl slagiy b j5es8 0T 51 o
pogllols (1) wsl e Lo Jled aie K ad (5, S0y
ot (Sl Sy 95 LS B 1Y dg0 L0 K ad (g5,
Jud Sl by, yo a8 bl 5l 0S e JF piass
S Jb olie b ons IS0 (o253 59088 Sigish (sl
bg 0 nS o0 )13 515 95,5 ol sl (b o (s
e JWb polie G pSUlgig ahate mhaw (1992 YU 4 425
GSenp £y 4 e (V) JSE 50 padgllolS aleseis
b @5 Jl ogd oo slaka>de LB G 2SIl 9558
o (Sl iSen Y gaze olgS 0 9 VL
[3V] 0t aalgs j5e5 ;0 (xdge 33 Ll B

Ol g aulre ol GEANMA oS 5| 5w ol 5o
She JWé paie bosad g 8L jses 0 (ol 0
a5 GEANtA uS el suds oolitul pausllols
Rt 9B oo adg G (L b oS Conyjlo a5
3 4l Cupde S MAN program s Ceed

dilises sla g, a5 el (GARUNManager) 1> >
S gl OIS awaia 4y Lo e SN rizeen

505 3 50 Sledl g 5 Jlanl da S o eyl
Sy, SOUMCE ddgy .wigdh oo (Byme wAS ol o

Ct oy & basly ol (e Jolts Lo et aaliy

sleasl » include slo L6 Jols include asg, .l

.

400

1P 0 ohs @ sy Wi (25 0 30 @ S
ol locdl b Jlml o pglre Js @) T 50
ol el oy (b Jole nyiage 3l (el
€5 el 30 mie S5z 0 Fhe byl sw)n
5 &9 g SxSIP S in 65 b g awaia
el 18,95 1 60l Cenl 51l j8 Sz ge polie clale
Sibe e 9 30 &g G skiea p3l sladle o
MCNP caiile (s gealS (sloaS 5l oslizul ol 2,k
sl ss>s e 4 Geantd |, s PENELOPE
Slaiaid b 2055, 50 goin (Sojd Ll ¢ alizes
[Y o] culoas ml, WS

] JBla g j5095 @ a2 0 i pslaie &
wile lagis, @ Olgie ol sl el slacdl o
Microbeam Radiation ) Gl sleass )b 5, L oleyo
loyps ligmol, 0w obs, a5 (Therapy
0958 SIS L ployd 5l (635 50 (rae
s (Boron Neutron Capture Therapy) ,» bLuws
!y, (Stereotactic Radiosurgery) sg, cyozxes
3 o9 ey IPY] 055 o )lal (siie o slaygeg
sbasiz (Jeigs luJld Sl g, s,
Photon Activation ) !5 ,:Slges L Sl
30 oialdl elateas  bg, el yo .ol (Therapy
Gadsbs & S 20T 90 4 by slasbe
Cisplatin il slowd  wS5 5 eullo
Motexafin ~ Gadolinium Pt(NH5),Cl,]
!y ldUed [CoOsNaIH1] L g [CsoH72GANsO4]

G k-edze

Gd Attenution
Cosfficient {em? g} »

I-ray spectrum
after scattering

ESRF x-ray Haa
spectrum Photon Flux (2.u.)

- £ -

Photon Energy (keV)

IVYV] posgllols oG Sl 9568 Chndl o o ol potd 4 00 0aiSTyy 9 adgl (sloygig8 (65,3 vl 1) S


http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

YA (V) Vo990 AF JLo

u_‘lm.u OL.;I)S uSw)).a 991; ol&uily c\lm

5 b S5 sy wdy QUls LGy e S ol
5 28l 5 alees Plax LYL 539 jL0 L ol 05 )2
5 Lol 5l cdadlre el )5 g e )5 (21515 2 yeS
ey Ml oo S e ggbee les slacdl
Slaygeg 2 Olye )0 S sile Jub (Sleys
“o9r Dope @ Sl gladske (2 b 5 Sl
5 ol blje g el ol w,p {iN Vitro) s
S 228 Gl by Sleps by, nl lasp)lS
[V Y] el aiz5 5 sl

29095 232 53 Gl (KSa oy & Gaiod (0l o
33 b posgllol sl JUd jate boad b plas (o253
PSS Sl $n slaggsd 5l g sl Jlb pae clale

el 0als €S0y g5l Al g, @

JLEe1Y

o 5 GEANt4.9.0.00L sases bl 5 5,90 Joa
2ol Glo and aslip adg el ol (2l o0
5 %99 sl WS ol BB Sk lafl

5 SOUrCe 4y dmain program L6 Jols >g,5

ahaio o (gdwle jglaieds 2ol 3o INClUdE aigy
0,3 £ 4 azgs L GEANMA oS jo feizme sl iiSen y
Jud iy o ad) )15 4 ol slags (555 oogamme
blsng Sl sl S0y Sl bl 5l (S 5o
ST eoegiar Sy ySlgisd Jold oS by -5 5

3L (oo (g izl (55 L) ey o g peslS
LR P SUIPTLON | BRSPV IS [Ve] el oo salazwl
Al eage 30 ol o SV Cownl 0aiig g LS
5 SeSlggd Sl Jale oS lagyg 28Ul latS” (SuSTy
& 55 J 53 omlal 2B sl Ggials (SuST
P Gy GBS Ty jses jalre il slacdly

Olse sl ad by algy jo (FOOL) 4y, slas )
699,39 Ol 4 sie sl Bl alins byl pd 4 4>
Gl JpS ey MAC wigey b 5,5k cla bl b o

ol sl Lol aeby 0 58 eolanwl asby
Db e iy yes >l S elate GARUNManager
T e ke At ln LS oy ST e

awse G4VDetectorConstruction oM .aigd
5 bl ST wiliee >lsi ,o i) IS 4y Slge o
M s S e i |y Sl il SisSe
SloiaSon oo 4o 89250 1,3 GAVPhysicsList
2 Cut off 6550 g &I,3 amsu b aad e o Jloi>
Ao Caxdge GAV PrimaryGeneratorAction L.us

&b by S e Geae 1) adyl IS Lulis
Ligd o 3)ly Lol 4l 4 ool S35 M5 (iNitidlize)
Liso doiiz ,o adgl @lyd olasy 20 lade o dl> e
GARunManager IS s asbp i o310 o
@55l 05 Slapgs sea [V] sgbie S| akil>
30 ol el LSOl ansl W ¥l oas able
oSl 95 e 3 9290 GBSl (pdx o g (e
Sl @55 o5 slapgs B> jslaie 4 a5 094 e
S L all 4 e 095 a5 oS oolanul la
@ e Sl @090 Oley ©jge (nl jo b waly>
gl Bl 5l as ) sales YL Sy e (0
OO Ol @ 4295 b sl )0 g wal gl (e
W e pas g 5y ghel SOl sl Gl
2 Ohgy nl e Slallle ] 5o ol ST Sl slagi
w)f ﬁl}ol uj)-’j)i“““‘ Ko )l oolaw! l) f"‘>| LSLQJL"'"

5095y 0dd By, 5 sl Jbd gools lgicds pouigllols paie 5 Cdl gonms S5 sl g (Sig deyo ) Jgas

EITETSE e Jlb clale =z S5
O N H Gd Gd (g/cm?)
(mg/ml)
AVIYA </ RIAAN \IOA \lid V/-NQ
AYIY \IRY4 ARVAR \7A ¥ \/-OY
A1V -I¥) Uy /AQ A VARE!



http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

hSes 5 Liplll luge

e Sl clagip 53 Lialal e dnloes” Y

detector

phantom

Geantd Slawlre 4o sas (65w i awain ¥ S

onid LSS polie (Sig deyd el odd 8,5 9095
&5 adllae jslaie 4 .ol oals ;S5 (V) Jgoz )0 j5e58
el x5 13 4l 10 @ sl Kl glad (gee o 50
Stsly )3 (Sl pauiglols (Soi Joloma b 5 sk )
0 5 ol (Z j95m0 Slaal) Ges

as Generd Case b, 5l jlwacds saslp sl 5o
s Batch Mode with Macro file sla sy, &l
OBl g,y cpl 5o i eolawl cul dnteractive Mode
s S5t 5 55l clablé Bk 5l by S
3hoolaiwl b sl ) Sal oogaze jo mlBg o)y 0,10 3925
s S (Saied GlaSen 5l (HID) glabind yyglas
(550 5 S glalasd pyglas ol 2 pdy bl &3
o3Il 055 sy 50 oaile Lras (g5l 0,95 1 e 5 e
Lwgs ol )15 Lt o 1) cwais Sledlbl Ko 5 o5 >
3,55 50 5,98 oo dwaia VisudizationDrivers
3 baliny  odle (Y JSE) conl wys LB Geantd s
S GAUISessoN oIS 51 ool b S gzl
syl a4 bg e wlodlbl as Logfile & g0 4 e S
Wb oo ALy ] ;3 (3929 D )yge ) e slaply g oS
LB gileans Lol Glazgs wl Gy
=95 b oledbl wias iy ,xsMRTRuUNAction.cc
MATLAB Il 65 basee jo a5 obvaal 5l ool L

o),:.">.5 u,.uj.il.a Oyge 4 g odd Q‘/él,{)o Sl 00 EVWPY

el 4z b o) o 4 Sl 0 sl (428015 50
Jub paie Jolts a5 (8L (o3l dae 5 (59580 6551 o
b8 e Load lolias saml GBS i ouisS
5o ooy Bl 6,55l jokaie 4ol 52l Jlons il
4l o 50 obml jo a5 S gassn b oS Jloe
Cut Off ) ahad (g5,1 «5,l05 g9 BB o il 1T
ahd o550 Jlaie Geantd o .ol ouls iy a5 (ENErQY
6‘)-’ J...o.».l.m g_iv) 0 ‘.J""’"' alols OHygo YW
@08 by &5 (2P g Djge & 0958l 5 5ig
amho O)pe & S0l §n Ghedzghioe Jios (555
peild v 51ACM galold ;0 VO MM gl 4 j500 4l
Z j9e olael o (WSOl slagiy lacl glwl, oyl 1,8
& ile and lp adsl Old sl ol oald oy e
ox) " WS INE VI RVOX SOy I CE VRN VWG RON - 09

V] el oot as 5 ks 00,8
A e AV OM o 4 Jhie O L oo (oaSe (pgild
FoxfoxfA MM slal 4l ST (gol> a5 0 a3 5
slojygme sliwl) jo ot e Co jb)l&«iJT wnl
Sy 5k oyse Sl SIS D08 4 ax g b ailE A
(558 sledld Jloys b, p S Jelse gw)p cax
30 Jelee O a0 4 Ol peiglloll S a5 onls 53
2 (2 5e9) jl)lSsl Sl gaml )0 yhaie
3 eSS b a4 FAYO LY/ MM ol Ges


http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

¥V (V) Yoyg0 A Jlo

u_‘lm.u OL.;I)S uSw)).a 991; ol&uily c\lm

IRV EFCURVEPR WIS YCSSp PC 00 DU KV PR U A |

aw 51 G Sleld jaie clile 3l gy sl rizen
30 polie sads ol coliwl mg/ml A 5 F /P clale
MM Gos ;0 39390l K0T 50 ok 4 S (hos
Dose ) jo Ll LeSB 5 oad lxige YV
4 lo,Kal cwnd » o (Enhancement Factor

aie g 50 ke, KaT Cand o] 0 50 Cand O jg0

Log Jooxr Sogo a G230 5haw o le cnl wins S
Lo 03l iules ORIGIN l580 8 5 Loy o503
basdl

TVIT S50 6550 b ol slagygigd 51 (g5le ands (nl 5o
3wy sl SLS V1D 5 YVIE BAF FYIY XVIE
odld paie Koad @550 Jo> g am o J8 soogame
Wl o &5 Gl @5l b b S o psgllols

—a— 27.4keV
—e— 37.3keV
6 v —A— 47.3keV
M —v—59.6keV
5 | V\‘ —&— 77.6keV
T | —<—106.5keV
44
i
8?7
24
14
[¢) T T T T T T
0 10 20 30 40 50
(a) Depth (mm)
—a— 27.4keV
14 4 —e— 37.3keV
—A— 47.3keV
124 g'\ —v— 59.6keV
“‘ \‘ —&— 77.6keV
104 LN\ —<—106.5keV
s |
[
w64
[a]
44
24
04
T T T T T T
0 10 20 30 40 50
(b) Depth (mm)
—a— 27.4keV
254 —e— 37.3keV
—A— 47.3keV
Y —v— 59.6keV
20 I\ —&—77.6keV
| —<— 106.5keV
154
i
& 104
54
04
T T T T T T
0 10 20 30 40 50
(©) Depth (mm)

A )y mg/ml ¥ (@ mg/ml V/§ glaclale b poiglols paie gy o con p 50 Lialpsl ,e56 ¥ IS
.Geant4 5 L, () mg/ml


http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

)Sen g Liple! Lugo eyd Sl g 53 il 31 581 dunloees” VY
257 —=— 1.6 mgGd/ml
—e— 4 mgGd/ml

204 —4A— 8 mgGd/ml
15 4

[

g 10
54
04

o 1 2 3 @ s
Depth (mm)

2l 3750 S BAIF (5551 15 p3eisIIS Glisko Slalle sl Bos i 5 53 SRl 5SS F S

—=—27.4 keV
—e—37.4 keV
—A—47.3 keV
—¥—59.6 keV
—9—77.6 keV
—4—106.5 keV

20
w
&
104
0 T T T
1 2 3 4

Gd Concentration (mg/ml)

lagss il ) ples ,0 paigllols bt lacdale o 5o Gl ,eS1 0 o

Gd clale ulpl b oo walys s e 2l
2 dbee Bl e saml 0 50 @y SEIESe
O9SI obS V- FID (35 50 50 (SESS e & wax
- S o Slaws a5 Ll 5P JSE) asl e yiSTas g
abl; sl yaie glags! slass b S Slgisd la
pegllolE jlu b jaie clale juax o 1A o)l it
S Sy 5l ol sagl sl alidl cdl s
55 Gl el T e g a8l Rl 5 S iSUlgigd
Ol pis aid o Lt gl (FUSE) Wb oo Sialiél 5
ALY o3k o jleld yaie cdile 4 cod o Gl

(OJSE) cl Jas b & )90 4« mgGd/ml

“Jbd paie jede e end ples o ge a4 le Jls
a5 e oo Hlid el gl il ol il dewlxe Gl
O Vb & e j9e55 ) penigllols jle Jld jaie jga>
wb ol adg ol Js 5 S Sllgsh slaiiSeny
oSl saasiie B g ogsl g Sl g iSUlgigd wiile
Al 5 g dld 2UeS 0y il O3l aisd o
Ol gl oo H9e95 U)o (rdge 35 Sl cely
BB jsb @ Lo Jld paie 4 anic] sab [0 50 w)lgen
(WIS wlbee gl dagsyl asn o (glala>dle
xSy slapgish il GRll 226 5 5 iz e

Coomd )0 55055 50 Glalidl 5o g 009 (6 in 5551 lylo


http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

¥ (V) Voyg5 AF Lo

u_‘hm: OL.;I)& uSw))., 991:- ol&uily c\bu

(Mono Direction) ay> S5 «(Pencile) solow & )90
& Sk ey Sl o wgile At o 0l ST
Slaggly Cog 5 0ol 75 0aiS (ghlge HgileddS ) WS
o B (S ez 2) 55l b by Sas alad
coere (S5l SOl 4 aS vges gl e se Wl
250 e Gl el Gl b paie clile ol
S J jaie ¢l juiz o il oald (5 9095 s4>U
Dedbse ol s tin 55 Gl el sl i

el byl plod o jee5 )0 JluJld yaie gl
L @3z 50 GmlBl )98l g 25doe (22 o il
gably (o8 Hee5 Al o jleld pale clale
il o 30 mie wolb chale G o o)l i
@hls (2dg oS ks Ve ogam ) K sad 51 VL
2o bapgsd il slange @55l s SIS
Sy myo0 095 e me3Sle @ 50 all eSB (
Sl 4 sl Sy g Sl kS DS pgiglols i
2 e LU el jle Jld e K gad 3505l G
hoJled paie K gad 51 (ols5 5l 5055 b g j508 s
il aed Joe 5l osal Gy gl anglie 0525 oS
ot bl claclled L GEANA 05 |y i o) o o
rolie beegs loyd ogas j0 )5 Cige oS Lawgs
WS b 1y ol mls 5 Jae oo Gleld
ol Jab sy 3 ol 5 3apel 4 b dililie [VANY]
@ s i jebie @ (SGRlS jge 4 Seish
L Lol sl ouis oolaiwl <oy, (pl Jes locusgame
0sds 0Ll SVl b e 5 (g3l apeds gl s ol
2 G g Sl sbyges o2 Gloys o b o
4 Olgse dINVILTO) (icysp & )90 4 Sl sloJskos
e -] 0,5 o)Lal loys g, cnl e pleadl,
S Ax

5 e oyl vz s 4 a5 0ed e aliade
mJae jleslatul o Sloys g, onl o garie (S5 ol
Slagby, 5l fa e g ganiees ilul (siluand sl
Oy b Gilwaing glo)Sel; i sl Sles
2 508 50 el aie jsax ol L s all e
ax ey osbee @iz 0 SRl el byl ples
Wl Gl o208 j5088 saml yo sluled aie clale

B e Jyas ln anre 655 @l bl 2
Loy a5 &y 9 58l 5kS BR/F paiglols yaie sl 5o
oS o K ad ) i ey s oS AT
S 4 a5 sl )l ggo5e cpl o el ety ol
Gl il (550 eg8 & 999 5l e Laygish hens
o e Kad 5 baggish o3l el sl e
b Koad 550 5l i 5998 Sz 55l sl
JB g e 53 a2k S0l bogiss @5yl ax e

ool galisde b5 «jge55 ;|
sl gl ar (LM loys OIS (n Sete
oS pae el Gl G 0 Sl slaobe
Gos 50 55098 G855 )18 9eg8 (SO 7S e 5l e
S Sloydgin Sl jaeg Holme slaldl ol
Sohey b el e ploys (el sla s,
9 on ooliinl ajgeg (13 o 5l sl Ol slagi
o395 2l igoly Jeeme by, o Cdyiny d92g L Ll
e 3 92790 b laJole 4 puile; ol e @
sbal ghleer o 1) (asllasls (2,15 ¢ j9055 Slibl 5 lags
S s ) 3 4 iy S5 1] i
Slaygin bay b olod moil 5 b IB ez 5o
@ Joe Geantd oS 5l solatl b gudss opl o .l
Sy ladshe 55 IRl S5 else (o) olaie
3 oozl b ol sl oo ¢ S 55T 50
S b o hb (ol loaciz slul Sl s,
3 el slash (05 jllis 6l Ol panigllsls
SISl H9eg8 G 9 2D By (22 3o 4>l
dn o lapl (6551 a5 pUiST GuSol antl lag p Lo
R ptass cod gl yate Koad 550 Jo>
L SeySlsgd i copd (09 el o 4 1285
£Vl Jlazo b S iS0gigs i gl 502 oy Ol
2 kel G &5 49l Glapyg S oS 0 e 4y g 0l
S)ly s3e95 4 ok Lws 55 W)l BLbI 4y (6551 Jlas!
ootlael (5)lse S5t siledld b ploys g, 5o b
oleadly g a8l 2alS by (loys Jyere slagts; 5o
S92 90 o Cudgase a4y dx gl red b oo Giali8l Loy
oSl el 88 e asile (kS Gl e


http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

oiSan 5 Liple) Lo

eyd Sl (slagi g 53 il g dwloes” VE

S L 5 sFn ol it o il 55
2908 4l 50 53 @3 (SEIESS sl Jb paie il
L oleyd) S8 il Jbd (g, amwss bioe oS
Sl el Djg0 @ 3oho5 (pl o & (Ll sloasis
Lo les ladss ,o ab asls, ol & Geantd oS L
Wy 09N leeamalils cdiin g cole
Jeb Gigy b (SeilS cal 008 oy (g pSaier
033b il )0 (Gloys cord b o] il 5 (536 (55l
Dy oo ety Hyeg5 Loy

S50 g S

bagip S siile 5 S rss (sB0s5 09,5 e ;o
TS e 5 (S «s)leS Olidss geaSiagy )
S wi0ges )b g cnl el o ) e &S
Jlo Solor &5 a5l hagh cal plxl jo )Rl

sl 00ES 4.»_9; 0y


http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

Y057 (V) Vo,e0 AF b S plalp Sip pole olKiily aloxe

References

1. Robar JL, Riccio SA, Martin MA, Tumor dose enhancement using modifield megavoltage photon
beams and contrast media, Phys Med Biol. 2002 Jul 21;47(14):2433-2449.

2. Mesa AV, Norman A, Solberg TD, Dermarco JJ, Smathers JB, Dose distributions using kilovoltage
x-rays and dose enhancement from iodine contrast agents, Phys Med Biol. 1999 Aug;44(8):1955-
1968.

3. Spiga J, Siegbahn EA, Brauer-Krisch E, Randaccio P, Bravin A, The Geant4 toolkit for
microdosimetry calculation: Application to microbeam radiation therapy, Med Phys. 2007
Nov;34(11):4322-4330.

4. Barth RF, Soloway AH, Farichild RG, Brugger RM, Boron therapy for cancer, Redlities and
prospects cancer, 1992 Dec 15;70(12):2995-3007.

5. Phillips MH, Stelzer KJ, Griffin TW, Mayberg MR and Winn H, Radiosurgery: areview and
comparison of methods, J Clin Oncol, 1994 May;12(5):1085-99.

6. Webb S, Intensity-Modulated Radiation Therapy, Bristol: Institute of Physics Publishing; 2001.

7. Verhaegen F, Reners B, Deblois F, Devis S, Seuntijens J, Hristov D, Dosimetric and
microdosimetric  study of contrast radiotherapy with kilovolt x-rays, Phys Med Biol. 2005
Aug;50(15):3555-3569.

8. Solberg TD, Iwamoto KS, Norman A, Calculation of radiation dose factore for dose enhancement
therapy of brain tumors, Phys Med Biol. 1992 Feb;37(2):439-443.

9. Khan FM, The Physics of radiation therapy, 3nd ed. Philadelphia: Lippincott Williams and
Wilkins;2003.

10. Geant4 User's Guide for Application Developers, Geant4 Collabration, Version: geant4 9.0. Epub
2007 June 29.

11. Dilmanian FA, Moris GM, Hnifeld F, Methods for implementing microbeam radiation therapy, US
Patent No. 7194063, 2007Mar.

12. Rahman WN, Bishara N, Ackerly T, Fa He Ch, Jackson P, Wong Ch, Davidson R, Geso M,
Nanomedicine: Nanotechnology, Biology and Medicine, 2009 Jun;5(2):136-142.

13. Hainfeld JF, Slatkin DN, Focella TM, Smilowitz HM, Gold Nanoparticles: a new x-ray contrast
agent, Br JRadiol, 2006 Mar;79(939):248-253.

14. Navabpour M, Mofid B, Nazari MH, Study the photoelectron therapy effects on human cancer
cells, JLor Uni Med Sci 2006;8:79-84[ Persian].

15. Corde S, Joubert A, Adam JF, Charvet AM, Le Bas JF, Esteve F,“ et a”, Synchrotron radiation

based experimental determination of the optimal energy for cell radiotoxicity enhancement following
photoel ectric effect on stable iodinated compounds, Br J Cancer, 2004 Aug 2;91(3):544-51.

16. Herold DM, Das IJ, Stobbe CC, Iyer RV, Chapman JD, Gold Microspheres. a sdlective technique
for producing biologically effective dose enhancement, Int J Radiat Biol. 2000 Oct; 76(10):1357-64.
17. M. Ghasemi, M. Shamsaei, M. Ghannadi and G. Raisali, Dosimetric studies of micropencil x-ray
beam interacting with labeled tissues by Au and Gd agents using Geant4, Radiation Protection
Dosimetry,2009 Feb;133(2):97-104.

18. Cho sh, Estimation of tumor dose enhancement due to gold nano-particles during typical radiation
treatments: a preliminary Monte Carlo study, Phys Med Biol. 2005 Jul;50(15):163-173.


http://journal.nkums.ac.ir/article-1-483-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-11-08 ]

Calculation of X-ray dose enhancement factor in assumed
labeled tumor by Gd contrast agent using Geant4.

Elhamnia M*", Ghasemi M?, Sadeghi M?, Hosntalab M*

'M.Sc of Medical Radiation, Islamic Azad University, Science and Research Branch, Department
of Medical

Radiation Engineering, Tehran, Iran.

2 Assistant Professor, Radiation Application Research School, Nuclear Science and Technology
Research Institute, Kargj, Iran.

3 Associate Professor, Radiation Application Research School, Nuclear Science and Technology
Research Institute, Kargj, Iran.

4 Assistant Professor, Islamic Azad University, Science and Research Branch, Department of
Medical Radiation Engineering, Tehran, Iran.

*Corresponding Author:Department of Engineering, Science and Research Branch,Islamic Azad
University,

Tehran, Iran. Email: mahsa.elhamnia@gmail.com

Abstract

Background & Objective: In order to increase the absorbed dose in the
tumorous area, photon activation therapy via labeling of tumor by heavy
contrast agents such as gadolinium (Gd) and target exposing by ortho-voltage x-
raysis used. In this method, the photoelectric effect is dominant in the tumorous
area which will lead to the increase of local dose.

Material & Methods: By using Geant4 computer code, dose distribution in
different areas of normal tissue and Gd element tumor-activated, were obtained.
In the designed model, the x-ray source was considered in the shape of a mono
energetic and superficial circular plate with the radius of 15mm and the phantom
(normal tissue, assumed tumor and detectors) in cubic shape with the side of
13cm. Rectangular cubic shape detector area dimensions’ are 40x40x48 mm®
which continue from phantom surface to a depth of 48.67 mm along X, y and z
axes.

Result: Optimum energy of photons in order to maximum absorbed dose
enhancement factor (DEF) in gadolinium smeared tumorous area is 59.6 keV. By
increasing the concentration of contrast agents, the homogeneity of dose
distribution in assumed tumorous area is decreased but the greatest homogeneity
of dose is seen at 106.5 keV of energy. Increased fluctuations of absorbed dose
relative to the contrast agents’ concentration indicate that these changes in the
concentration range of 1-8 mg/ml follow the linear function.

Conclusion: Based on the simulation results in this study, absorbed dose in
tumorous area following addition of contrast agent (Gd) with specifying the
concentration and photon energy, is significantly more than when the assumed
tumor is not labeled.
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