[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

Journal of Shahid Sadoughi University of Medical Sciences O30 (P9do sl (S 3y pole ol Lhdghy oole aloxo

lewd S b, -
Vol. 24, No.8, Nov 2016 J,‘;U%;,i;,&%ﬁ,% A bl A ojlods FF 090
. ¢
Yl .
Pages:618-629 - = PAN-FYA taxio

SLUW pw Hloyd 40 Pd (15 (ST Ao 30 @38 axdliac
31 00kt b of JU5 Cigo gy 4 amdlo g (932 SCSL L H9lwo
MCNPAC oS

Y Vv ) “
oo el o 4yl e 6’53‘ (o>

oS
Sy90 y5098 4y groro 30 duile; o Ut il 51 (SG Wilgd oo oy Sl den (sl ol oole 5l solwl cylo o camlin azeis
L aoalo g +/10 griem® B b oy sl sl g5 ie oyl ib s a4 addllas cpl 5o 5, ol sl atsls las
Olis guls ;o soel sgzg s S 5l st jo ol Of pgils 5l Jols ls b la ] aulio b b lasls 1/ 0 gr/cm? S&>
.MQ

sz Sdl )3 o Sleeal b g (bt 5o b e Syl Gl Cuz Y Slagleand iomin b
Lol 4185 550 MCNPAC oS 5l oslainl b calises sblg) g Jolgs jo Ol pgilé g azale

Db o 7Y sgam 0 eM 5 Jolgd jo Ol pgils s cad oy il pgls o elad 5o 2l s S oy i s
oo BB a0 LVFY D90 a4 deii> 51OCM alold o aS 5 5b a4 00,5 lag ildl Hliw ol Aol 5l alols ulisl
WS At .Sl 118 g0 0 deui 51 OCM alold jo ¢ Y 9o +/0CM alols ;o Of 4 Cuns aale cb jo il oyl
b sadline 1Y LY 5l s S5 Ol 4 s asmale § oy sladl pgil 1o 60 SKiluoal Bl yiol )b oo

aale 5 oyz Sl Djglne 10 45 e sloygag ey ;3 SR Gl STy et (S 015 58t T
30 F Y Jolax b oo ol laasly o1y sl cpl 6 0wesj0 lo sl 4 bgs e o3 Olovsral Cawl oo wyls 1,3

Sges Jloel Liagh cpl 40 ool Caws 4

39,008 39 ald it sEASLS (S jud 535513 (S jud 09,5 ¢ )b skl - )

39,0l 39,0l ko oL (S5 jud b (gl S jud (2553 (Ggomitils -
tavakoli-anbaran@shahroodut.ac.ir : ;Sug Sl Camy « + FEFFFABYY + 100l5 (U shummo 8 35asny 33)
VFAB/V/ 1D 1oy gl 1P90/P/Q bl gl


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

ERQE!

e g oyl pe (LS9

ouiSTy Ll Glagin 5 Sliwsy L3S oo 50 o]
MCNPAC o5 3l oolazwl b odz> 30 ol Jol> 0nl
car Sl Y18 Jlo 5 eizmen (00) Cd)F & )50
2 Wit il o Glhasis o slamy awlis
Oleys 50 (V) ad plonil Sy (sloji> (49,0 215 S0
Bl )« Sloyogi i,k 5l o Al slaplail slaglo s
Oyglme jo a5 alie Glacdl &4 oapw; 50 Glie (e
ol sl sl slotng Casal Slyls &5ls 18 0aus el plail b
sl el Glaslze a5 wlosls lis L3 g8o0 y0 9,
s NS sl)ls o5 il sl a4 Ol pgld jo (g0
Bl Gl Olbumas ol pbul L oas cal 1F Togas
wly b o e il gl 4 l) Of pgiils 4 by
Slman 2 65 adlas izen (1Y) G SIS (loyo
PP gl S sz 30 s 2 lyial 8l Kaal
L (VA) 8 & eo oI5 Cise bs, 4 MED3633 o
5 i3 sas,s 5l ldl o slecdl oS ol 4 axg
Oy Sl Sl oady LSS lite sla JBs 5 OlaS 5
@yt T 0ol oobe 51 oolial ¢ylays canslin domgis Sy &
55 il o las mlis 5 S Wil e oy bl ann
S b s S sk il andls Jlai S50 j5es8 4 o
Ve griem® L i J&> b asis Slbl s O lase oo
3 A A lgiees o sl dea sl ((19)
e b ol e ol )0 gy ol 5l s
Sz b2z el lacdl ;o P aaiz 0wy
5 (Y-) V-0 griem® JE> b axale 5 (V9) +/20 gricm®
3hsmese byl ol psiils jl Jol> s b lapT anglis
Jole oled 5o e lid bl o odal Ogg 4y IS
AC a5ei MCNP cg 5 Cige oS 5l daggjludends plox
el 00 ool
IR 99)
Sygo 4 TG-43UL SS9, 50 o 0 Sabl awlxe

1FAD UT (usiad o5loss « pyle g Cown 0590

doddlo

3 0358 oo 4 by 5 LS oadkenS sladeiiar 5 04l

Sgdon oolial (Sl 5STr gy 0wt slajgey Loy
iyl Lwgie b giyl o5 Ll asi> 103Pd .(\ .Y)
Gl a el CBl S lsie a3 VAAS Lo o YekeV
5 Sliwgn i slaglbw leys ;o 5 0b 5k 1251
ool b s Cgm o Oldlas (F) o)l 5,5 0 F
&b @l Sl sbasisr Gl g greje
Sygo TGA3UL ,0] (Sipy Sopd el sloaos
dodizr Sieujs lajall Vool Jlo jo (F D) 0p5 s
)3 oy 0590 S)lgs, gy MED3633 Jow “Pd il 5 ST,
S ree3d sl tall polie (unidn dgny jokiie 4 () 85
30 b polie puseal Cyz jo Glasddlhae S S slas IS o
G5 Cige oS 3 eolanad L P Ll STy deis elad
plxdl Yoo F Lo ;5 1SC3500 5 #Y)) (sl Jae sl MCNP
Jae P gl 5 ST dntiz 50 e by en 55 (V) 0
Yeo8 Jlo s MCNP oS 5l sl b T agls s MED3633
oyl b obaasie YooV Jlo 0 (A) ael Cuns @
c8 5 & )eo 150 Aid Advantage Joe 'PPd asis s teso
>z SIS (5 5e )0 pegas 0 lalllas aizen ()
IS iz (hgy & @l FSIn 58 eolital )00 1 5 TP
Pla; e pds 0 DES(Ve) al pbxl Voo A L o
LYY Jlo s oReal 5 Ko Ojg0 4 28l (285 Sl
Sy30 oh5cige Ghgy 4 N Q15 STy ansiz )l eslinl
Tk iy slaysll e (V) S85 13 adlas
o3liiul L YN Y Jlo j0 IROL Juw JPPd aniz 5l g
FYNE o 5o 0N ab Jebs g5 Cige by,
OF P At ouilenS slodeiz 33 @i p il SleS 5
Stz iz (V) <85 18 addlas 5y5e gl 5 ST 50
sbaarie » 95 psil lagSeal SIS o)
@ ol Fn Gl LIF Sy sbaiz e
Ll 0F) ab el Y10 Jlo jo oS Cige b,

29ee slaplail colivng p slose (esd Caz 0 ol o)

O3 (Pguo vl Floyo = (Sblage wlous g (S pele ol LIS alxo


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

v B s loys 53 PP G155 (ST doiin 55 @597 axlllas £Y -

CM > Ao o, 55 10 U olgsdds alads alold o o]
F50 Jsb L boly iz p diir sl g ol o a0l B
157 A S dugly B dgl) yimen s CM o> ) doii>

S9y 2 VOM alold g ax ;0 A+ agly jo m Slwlre g 0

P(ro,00)

D(r, 0)=8¢h [5oos| gF(,0) (1)

G3nge8 cpl 04 o samlie (V) akal, jo amil Gillae

i ol A 5o g5 ol F1,0) (50,5knnl b : bt
PE T PYC SIS [ (O = E- I RO W R € (X))
Gy Sl lp g Olatbe  .Cwol S
5 a5 Gl oads ools lis )V Sy ol STp sledeis

P(r.8)

gl

re=lem

L

M) TG-43UL S5y, el 5 5o 3 6l ol dslone sl )5 STy dntir Slaiies 1) S5

L MCNPAC o) I5 ige oS 51 5 (ilwands Jolpe
sl 00 03liil 0,3 ¥ x Vot S a5
&9 Sbwotl @l g (olad 55 &b sl yelily e sl
2 AenSlaoly oole mjey Jdo 4 o Sl 5l glo &S
bzl el (59,0 (23 095> SIS deia loe)S (59,
oz SLbl Lume o )] ocias LSis oole Coslseds ¢ JgsS
@92 33 dale sl Jol ol s3luancd 95 4 5l ol
lopgild ;o deie JSLbI Glide sbly; 5 ol o
sslizul MCNPAC oS F4 i3l o1 gl 5 il cilies
Jsb 5l oozl b &3 s 5 eass JU ol el o
S 5 ol an 4 4 el Joloo 40 o] ool 0840 s
dnloes | oty Sl laime jo e 5o o 4y 5L Lo
Jolsd o (pdz o Slaslrs jshaie cul gl (V) 05 e
oz 51 OCM 5 /O F X0 X X0 Y AD D VO [0
ool plxil azyo Ve Jolgd b oaz)s A b jho bl o
3wl pwain b aule gl 5 ped (gilwand ol
4{5o)|o‘5§:¢.~3kjhéw4.gteﬁégbwl45&b‘d—|
Ol Slewlre sl (@) )6 (K JoueS 9 22l g3,
P e |y etz ol SLS S des g (0 JB &b
osliil b 1y M Lamee ) dair BLLI s Lo g a3 5 L

1FAD UT (usiad o5loss « pyle g Cown 0590

a byl 5l S et BLbl s pde 5o akal, (o

1/r? Slaats doiz
G(r,0)=") PB/LrSin6 b3 asiz (V)
_D(1,80)G(r0,80)
900> 00)60r00) ®
 D(r,0)G(r,0,)
F(,0) D(r,00)G(r,0) ®
Si= ks(d)d? ®

S PGy M hh L ocal ol lea sbe,S @us asly
.J@.;@UQ—‘@LM‘

A:D(ro.eo) ¢)

Sk

(A) 23b o COYN U ™ 50 £ 5 culs asly
Sy aeiayr SLbl Glbise glacdl (285 a0 L
& 5 selad 50 @b slaytall 4 e 5o e SR ol
3o el el s Loy ol 5l casl aily (g0, Silucenals
cdb pgils g (V1) +/20 griem® JBs b oy <l pguld
2l Lol anlie 4 «(Y+) V0 griem® JB> b axale

ples jo mlasloy Of pgl jo bl cpl 5l Jeol>

O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

B sy oy5ed g ol pe (AT G

D9 oo odnlive azeale V Jslaz 50 .(VY) oS o dsle MCNPAC o5 F4 G )
5 wr badl GlSy 5 Py ey Vo
(O2) - 20GHCM° JSa by o cdly jolic Sjs aoys 5 bS5 1) sor

el Jigweys pase ol

AAYAs 039y
DA/A oS
Al 0597
YV/A RSy
</ PR
<IN o o
I s

XV grem® JSa b amals el olie S5 aoys 5 ol 5 ¥ Jsor

<l Figwmeys pase pl

VoY O59reR
VEIY S
vi¥ 0395
Y/ OS]
A} Rd
A 2,58
Al LS
¥ PO o)
Lg);o)“.\j‘ ) C"L"’ o\).,o.aa L AMLA 9 = slcast GCL’.M.» 39 égl.'{ C"L"’
TLD jl eolatwl L aS 3 5 ¥y lawg Ol ,o eud &b a4 be e sbajlogel p3¥ slagiluas pbxl 5l ax
C"L“’ e loads PO, dslie Cgz (YY) u)?‘nbul F XN XOX NN YO D J.obs 5 (SCL’“”J 39
ol 00 03,51 ¥ Jgaz jo elad 30 ol g5leas peild 5 Ol pgtld jo dei o0 j97me g9, ,» OCM 4 F/0
18 —k—Muscle 15 N Fat
~&@— Water ‘\ —;—Waler
- = TLD 1ol *-2-\ L= TD|
*,
N
= = N
S 0.54 S 0.54 \'\:\*\*
N S \*\*\k
. S .\.\.*I
0.0 0.0
o 1 2 3 4 5 8 0 1 2 3 4 5 6
r(cm) r(cm)

azale 5 yr Glcdl pyuls 5 O pgild o eled 50 Al slologes dglio Y JSo
(YY) ol O oo¥ls Jawgs dyo0 10 00l (6,503l polie b ol e o S Cige b9, 4 i pl 5o

1FAD UT (usiad o5loss « pyle g Cown 0590 O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

e B pw loys 5 PP G135 STy deiis 35 @595 axlllas FYY

azaale L g Y b “Tfl Slopgild sl Giegs cpl o MCNPAC s b ool dl=e s‘l""‘" 39 @l;‘ polie Y Joum

azple pgiils  1(CM)

Ol pgiild oz pguld
VIYO- Ve A
VY- Ve OF
\/. .o \/. .o
-IVY$ - IAAF
-6 - IV
“/E¥- -I5¥9
I¥YA NS
“IVEA -5y
SAD -I¥AQ
-NYa SI¥YA
NI S IYYY

G (6 iy soosl Slaws g VATV L (0, yogs Il Ldo
Gyt &5l g ooz Jolgd 50 05 ge s Ol @
i odr ke 4 b 4l b o azeele il o
oo S aS 5 j5b 4 ans F) b6 cpl jo (SasSTy
5 s clalols )5 Ll wgd e LY Togas Jolys onl jo
Gl Jes eed g 009 (7S 655 el (5558 et
alold (o 7NV sgu 4y g 00,5 oy Gl s BB
L S polie Ghls oz Cdl o oo aeiz 51 OCM
ol sl O @ s (65508 J5g aoys 5 SlS 5
SR (SaSTy (heFiws i 8L cnl 5l 35 (b ys (g5
S5l ez S8b yo S0y Jolgs o 4T (g sk 4y s S
Ol 925 4 s 5 OIS o b 4 Ol 4 s (%S
Ol Oyt &5 S9boe Jolgd (nl 5o ke (oo S
Gl e ol detir ) alols Lzl b el Y
dgd> 4 dad> 51 ACM alols o a5 g6k 4y 005 lag

WYY

1FAD UT (usiad o5loss « pyle g Cown 0590

VIYA- 1D
VAVEDN < IYO
Voo \/-
< IYOA AN
INgN Y/
ZARAS Y0
AR Y/
<IYY - Yo
<INEY ¥/
ARV t/0
<[+ AA NS

30 b polie yo SLSY KL glaloges 4 4z g b
&b cpl ool 6, 503lail polie 4y s Ol pgils jo clads
305 (o0 oalive azealo 5 (2y2 lazdl pguils o

53 ol Caws @y polie o yige B ols lis gl
oS 500 lacdl pgld a4y Cos O pguls

Ci:g(r)i_g(r)Water ) o
g(Mwater

0l 59 85 S o0 (B |,

IS e e B Gy g i= Muscle, Fat, Water
<l s azmeale oz Gl psls o olad 5o b polie
st ool plas gl ailboe do s s ol 4 s
S0 axml siles GleS pl 5SS e polie oS
G Cuater ol b oS oo somlie ¥ IS5 sl loges
(M)owﬁgigwgi)oscl&zpebw
Ll 00l as i
5> & o e Gl lalagel I Sy e 45 sbiles
Pl 5 ol psmls o (eled 5o b polie G (g IS
Jolis ameale il il o lsin 2505 4 1y S0 el

@ Lol sl Ol a4 Soop sail doe 5 S3g doyo b oluS 5

O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

FYY

DR g oyl pis (LS9 (s

200
= Fat |~ Cwater

150 /
100+ 7

50 o

C(%)

r(cm)

C(%)

:_ X —*=Chmuscle ~™= Cwater
ol X
H N
] N
6] N
8] N
-10 \
12 =
e
16 =
0 1 2 3 4 5 6
r(cm)

oy ez Ol S azmale 5 oy glodl elad 50 mb 5 ao s s Ol @ s O elad jo b o ST lajloges ¥ JS

S9) 2 A S50 bl 4 onw, Lo Glie 009y S Jsb
OlBl e o ol j0 g ead i dsds jee (yl
Pl )3 &b cpl Sl e ol Gl 6ln b

CoaS azmlo 5 oy> Gl pguld 4 Cons Ol

:F(r‘e)i_F(r‘e)Water x 100
F(r,0)water

ol o a8 oS o By 1) D
60, larls a5 gons US| Dy 4 i=, Muscle, Fat, Water

oy Ol 4 S O 5 azmals ()2 slacdl pguls o
O SS e polie ST g ol lid ol el doyo
L oS oo ool b S0 (gla jloges o aS azs] asiles SlaS
@ G ol 53 (60,5l 2l nd S Dyyger olio

Sl 00 MLQA (M)b o> u_j

30 60, kadl Al drwle gz o3 lagloans

Laz,0 - U jao blg) ;0 dei> 51 YCM o ¥ ) Jolgd
,ay;l.e o é’L’ u;‘ )l Jol> GL.J5 KW lnl.‘?u‘ ax,0 Ve oalols
9 S LsL(bMBL' f’ﬁ""b B IR ML?DQ JJOLG.A o‘)o.(b LY g_j
polde pomen S wiloads ey denlie cga (YY)
)l Lol 00l ob); 4 9 o f J5|A> 5o C;Ls u;‘ 00l duwle
dgu g0 oddlive (68 ,Kiluasls mli (gl 00 s, (slo,l0g.05
o ol cde 4y a0 U agly Ay o SGop L oas
037 Bk ol e S 9yse LB 4 g uin Glagin

9 & o dedr (ooye L)) S0 JourS Culs

1.2
—A—Water b~ Water
| ==t Fat 1.29 o Muscle
104 = mo| ! { [= mo
[ 1.0 I -
= 0.8 -
£ < 0.8
o i E
L &
o 8] /1/ £ oe ;
w
* a/f
0.4 0a] !
0 20 40 60 80 100 0 20 40 60 8 100
6,degrees 0,degrees
12 —A—Water
_=%—Muscle 4.2 e Wati
= TLD I { —x—Fat|
1.04 | TLD
I 1.0 I l—}
= 084
£ = 08
iz i £
L S
—= 0.6 8
T i L oos i
w
S & I
0.44 0.4
0 2 4 6 80 100 0 20 40 60 8 100
0,degrees

0,degrees

ol 5 oz g azmale psiild [0 00l e yolie Lol e OT paiild 1o (60 Kilueal @l (sl o gai dunlie :F JSi

(YY) o jaud g LoVl Lawgs a0, 40 ooy (g S o3lail polie § o) Scige g, 4 Lidgh

1FAD UT (usiad o5loss « pyle g Cown 0590

O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

e B pw loys 53 PP G135 STy doiis 35 @595 axlllas FYF

R P Ol pgl o oud dwlre (60,5luenl 2l polis

0yl 3 Jolaz )0 amele 5 oyr lacdl psuls

Ol pgils 1o 60,Silusal @5 polie :f Jgox

Y cm Ycm ycm a5

0¥ 15+ A “JEA- a0 ho
ISR IS NISE! ax o)
- [55) “IFEY AR NN
-V CIVEY SR a T
“IAFE -IAF¥ “IAFD a0 Fe
“TAOA NERS Ay - a0 0-
vy NETS -5y a o Fe
NEVR “[AAY “JAAY a0 Ve
VY Ve ¥ -/ay az A
Voo Voo Voo 4>, 4.

oz peld 50 (60, SKluoal b polis 0 Jgux

1FAD UT (usiad o5loss « pyle g Cown 0590

¥ cm ycm ycm w95
-/OY¥ -2y “[EAY a0 yho
-OFY <JOYA “ID\Y ax o Ve
AR “IEYA i3k NN
- VoY VYA < V¥R ax T
“IAF¥ “IAFA “IAFA az ) Fe
AYY +/3-4 ANy a0 0
-/ava A8V -/as¥ a o F
V10 EEY “[AAY a0 Ve
VY- Ve NEVR a5 A
Voo Voo Voo ax 0.

penle p5ils )3 (53, 5unsls b5 pyolis £ Jpor

Y cm Yycm ycm al

NS JEAS AR s o
N2 JOYY Y am s e
NN JEYA VA aze Y-
-IVOF JVED VEA ax e
-IABA JARE AOF ax e fe
SJRFY JRA Y ax e b
<[AY JREY AV am e e
Ve Ve d A3 axje Ve
V10 Veed AR ax A
Voo Voo Voo a>,59-

O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

£YO

e g oyl pe (LS9

% distance of icm  —*=Dyyater
—*—Dpmuscle
* *, S S
04 N
D(%)
24
4
T v T T v
0 20 40 60 80 100
0,degrees
4 distance of icm | =*=Dywater|
—4—=Dpa¢
2
= /\ *
M - e e
= *,
[a] \/
24
44
0 20 40 60 80 100

0,degrees

15
distance of 2cm  —==Dy e
—*=Dpuscle
104
£ 5
=}
/ "~ / .
01 s ey
-5 T T T T T
0 20 40 60 80 100
0,degrees
15
distance of 2cm | ===Dya¢er
—*=Dgqt
104
g 5
a
*. *.
e i
04 <=t
-5 T T T T T
0 20 40 60 80 100
0,degrees

13 69,55betl 1l s M g 0 )0 oy 0T W s G pgl [0 (60, SKiledls 25 i BT (sl loges D IS

S Sige 9, a4 g (nl 9 80yd ey Ol 4 Sl aznle 5 07 (slacdly panile

IS5 b 8T S5y Sa38 ] Lt ot a0
axg5 b Lol £00,5 ploul asi> Gkl O s ,o TG-43U1
sl Sig vy g Sl 5 L leadl 5l oy jlsle a5 pl 4
Gy syl (o 50 bl sads JoSis gl
@ Q|5S‘5‘o.3 O QSLA';A slesl s> gi e )
95 ol 512l Cews 385 leys (b 6l Sy (2L
oy el cpl sl eslaiul ley o a3Y Slsear Wb
00l ;S8 0 a0 s azgi b ol il e Jlosl yloyo al> pe
SisSe ol 4 ol 039 axlllae oyl el | Gus a5
(V) +/20 griem® JBx> L oy glie b 90 30 a9
5o S| g asls,y (Vo) V-0 griem® J&> b axesls 4
3,50 VD) Ve griem® JBs b o pgilb b1, bl 51 S
30 &b s o i bt aS asil G lesls 13 )
Aol 3 L Y S sl foges S a5 ele
3 Gee GRIBI L 1 oS (oo T 18l dedr ())& 35 50
Lo yiaS il olass ol 1S 4 yoxie g odd o5 Lo ygigd bl
i 5, ol ) s (GselS 5 Sl g5 3D
5 01 o5 oy S0 o ool & Lagygish (55,1 (sl JUis

1FAD UT (usiad o5loss « pyle g Cown 0590

s e la O JSE slajloges 51 Sy e 4 jebilen
it slocdly psnls ) eslitnl 5 o BMES] Al
39,5 50 ovalio az ;3 Yo 5 by 5o ool il 4y cod
w5 L3 ) alol b () el el g0 4z oS
Ve 2o O 5l e Glagin s3I a0y
Saled 5o ol s il glacdly g 2SIl J8r o sl
g oo daszme 93 (ul 53 (232 50 Dsls cge
dslons gline 4 ol Sy 5o ealital LB (s iesso
ools lame ;o waitx 5l Ll 5 g0 adais 0 o Kaal lude
i Kol 05 5 U o] ) &5 S end
awae Jds 4 (b gl cwl syt slohy Caesl
o SASTr 2 G el S0 Glalgd
Slp o OBl Glagly o g abl o 5 g o
e I Sige slagty, 5l esliial enlns (fu)d (o2
g oilb S 4ty slaanl b aca o Lo opd g
DS oo 418 colaiul 5,50 (slo,s3lS slacel 5l oolazul b Jlal
sl Garog ool p b dsizr (Sl Gbo )8

O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

e B s loys 5 PP G135 STy deiis 30 @u 395 axlllas SV

2 ol gl 4 Cans il glacdl pgnls 5l eslarl
O 5 e Slogip (SB15Ss woys dnidyr o) b3
Al slcdl o8l JBs o Solas (Vb oo (ol
.‘a.:.?bo 9o U"‘ o (5'» B u}lﬁ.u g0 wl.e‘)).) ‘;.J] 9
3 G azale S8 pgls o BB e (ol 45 095 oo
Coodl 5 cdYs a5 0000 1Y 5l Ll oyz 8L pals 5 LY
r o0 Ol oole b yeigd cunS S il lae g4
ol 4 s dilisie slacdl olS 5 g J& 51 5 teno
P05 Cldllae Sl STy ;o colaiul 5)50 slodeis o
ol 5o eas sl SIS alen  golice axlllas .ol oals plxl
-195Y keV (55,3 L ¥'CS sLelS anis 3l osliiul b Liagi
oS slosleiwl b selads 50 &b 6l (o2 9 azmole 8L o
Lol mbs g a8 & jgo o Keo 5 Lew lawss MCNPAC
5 elad 50wl BB T jo a5 el sud anlie O
@ ded> 5l Veem Aol U ol 4 cod o> 9 aale
Salas Judo 4 OS] ) a5 «(YY) el TN 9 7V/F s )
dslie fuioren (Sl igh ;0 oolatul 0j50 dedi> g4
@l b ol )o Glaghy ol o elad 5o ol ) Jolo b
MED3633 Jas 'Pd asi> sly 1,500 5l oasl cans 4

S| o\.\.ai \ J5J> )

<1, MED3633 Ju '®Pd

S e anlie basS o oy alS (232 50 Co 5
boazmale 5 (022 lacdl pols eled 50 @b slajloges
0% 5 oVl Lagi 0uds (5503l (2 polie ST pgnilé
b oz <db OlS 5 cp i a5 Gl aazg L (YY) O o
L oiopied oS yolie Jola (V) +/20 griem® JK>
TYVIA ol sas b oSt 5 JOYA L o8 JVV/E
U EPRCCTNT-S PRI - PPN LU SR 0 FN
el sl TANAY b y5emnST 5 IOVNA L 50,000 ol
& 2l e @ S8L pgl o (Susly Jles
Ol eams LSis slags! olaws a5 o1 o 4 5 sas o
sl cesl oz il sazns LSes lasl slaws 5l it
Pt g o0d gy 8Ll iy O o (gisd sla iyl
ok 3l s g s 5555 Sl 53 1y 055 (535
I b oazale Sl 4 bope Ol 5 on e 052
S NN L e, polie Jols (V) V-0 griem’
s b OS5 s 4y el VAV L 5enST g LVEY
il pgil elad 3o b Ol 4 Soop o3l soe 5 S
&b 5 oslanl b el o953 @illas glyls O pgild b azale
Ol Jols aS aeie SlLbl jo 50 a5e8 (60 ,Kleenls

15 e BB Aty 148 s e Lt &b ol 5 Sl

Aol elad 50 &l polae Y Jgoo

5 ¥ ¥ Y 1/ ) /0 r(cm)
YRS SEENRYAV V- SEY) & 7 SRV A B 1A' R W VA I gy ol
JNVE O GNAY YEY BT VALY VYEY ) )5,
SN SANYY YYD DAY VY. Y VYEY OF) e 5
VAR SRRYAL'S SERYL AV NRRY/\Y R 1'7 L W W VA 47N (YY) 55 5 oYl
- S RYA BAY VALY VYY) oLSes s slse

2 ol pgilh 4 cos amale g oz slbedl pguls

S Jr 85 Sk 0 boasir 4 Sy Jolgd
S 45 Gl (glalimMe BB M ol ol calise

&b el jo ped S ies cwl Coenl Pl

1FAD UT (usiad o5loss « pyle g Cown 0590

L odeds G adlhs 3,90 <% P o135 Sl acis

351 5 S W ] 3545 Bae oS ol (655 5 slaggid
Sl asS oo Gl Ao 4 Cad 6500y slalols o

osliial b 5 lad 53 @l Sy o (oo ST B0

O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

sYY

e g oyl pe (LS9

O G yd Gl el 4 by o3 Slesal Canlyge
Cawd a4 Jolo b s b sbhasby o 1) sl
Sged Jloe! ragh opl o oaal

&Il

Og)QLw ;»_’.».»0 " olKisls kS'LQ WLQ? )‘ :LL.MJB u.n.\)

205 (o0 )l Kuln

o & s e 5 oyz slodly psnls o 58, Siluanl
5 ol g il ol oSl 8z o ol cle o,
Vo ps by 50 50 @ig o Sleeal Sde 4 (e
Slgin > S ger plple el Sosie a4z
4 ol (%S S5k A jeesi 4 GBS 5O e,

sloygess Blayo 50 9y nl 5l Sl v pp SLEI Rl (slacdl,

Bylo 8 azmale 5 oy claidl Ojglre (0 AT seuSay

References:

1- Shahrabi M, Tavakoli-Anbaran H. Calculating dosimetry parameters in brachytherapy using the continuous
beta spectrum of Sm-153 in the Monte Carlo simulation approach. Euro Physical J Plus 2015; 130(2): 1-8.

2- Wilfred N, Houari K, Amin IK, Rajiv K, Srinivas S, Mike MG, Robert AC. In vitro radiosensitization by
gold nanoparticles during continuous low-dose-rate gamma irradiation with 1-125 brachytherapy seeds.
Nanomedicine: Nanotechnology, Biology and Medicine 2013; 9(1): 25-7.

3- Sharma KP, Singh S, Kapoor A. Brachytherapy and external beam radiation thertapy for prostate cancer. Am
J Cancer Sci 2015; 4(1): 2.

4- Stephen TM, Penny KS, Michael WM. 1-125 Brachytherapy for Recurrent Atypical and Malignant Skull Base
Meningiomas: Complications and Outcomes. J Neurological Surgery Part B, 2015.

5- Rivard MJ, Coursey BM, Deward LA, Hanson WF, Saiful-Hug M, libbott G, et al. Update of AAPM Task
Group No.43 Report. Med Phiys 2004; 33(3): 633-74.

6- Rivard MJ. A discretized approach to determining TG-43 brachytherapy dosimetry parameters: case study using
Monte Carlo calculations for the MED3633 ®Pd source. Applied Radiation and Isotopes 2001; 55: 775-82.

7- Duggan DM. Improved radial dose function estimation using current version MCNP Monte-Carlo simulation
model 711 and 1SC3500 **°I brachytherapy sources. Applied Radiation and Isotopes, 2004; 61(6): 1443-50.

8- Molavi AA, Binesh A, Moslehitabar H. Dose distribution and dosimetry parameters calculation of MED3633
palladium-103 source in water phantom using MCNP. Iran J Radiat Res 2006; 4 (1): 15-19.

9- Sowards KT. Monte Carlo dosimetric characterization of the IsoAid ADVANTAGE '®Pd brachytherapy source.
J App Clinic Med Physic 2007; 8(2): 18-25.

10- Thomson RM, Taylor REP, Rogers DWO. Monte Carlo dosimetry for ®1 and '®Pd eye plaque
brachytherapy. Med Phys 2008; 35: 5530.

11- Gialousis G, Dimitriadis A, Yakoumakis E. Monte Carlo estimation of dose difference in lung from *Ir

brachytherapy due to tissue in homogeneity. Published by Oxford University Press, 2011; 10-28.

1FAD UT (usiad o5loss « pyle g Cown 0590 O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


http://link.springer.com/journal/13360
http://www.sciencedirect.com/science/article/pii/S1549963412005850
http://www.sciencedirect.com/science/article/pii/S1549963412005850
http://www.sciencedirect.com/science/article/pii/S1549963412005850
http://www.sciencedirect.com/science/article/pii/S1549963412005850
http://www.sciencedirect.com/science/article/pii/S1549963412005850
http://www.sciencedirect.com/science/article/pii/S1549963412005850
http://www.sciencedirect.com/science/article/pii/S1549963412005850
https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

e B pw loys 53 PP G135 STy dciis 35 @595 axlllas FYA

12- Saidi P, Sadeghi M,Shirazi M, Tenreiro C. Dosimetric parameters of the new design '®Pd brachytherapy
source based on Monte Carlo study. Physica Medica 2012; 28(1): 13-18.

13- Ghorbani M, Salahshour F, Haghparast A, Ahmadi-moghaddas T. Effect of tissue composition on dose
distribution in brachytherapy with various photon emitting sources. J Contemp Brachytherapy, 2014; 6(1).

14- Karimi-jashni H, Safigholi H, Meigooni AS. Influences of Spherical Phantom heterogeneities on
dosimetric charactristics of miniature electronic brachytherapy X-ray sources Monte Carlo study. Applied
Radiation and Isotopes, 2015; 95: 108-113.

15- Vahabi SM, Shamsaie-Zafarghandi. Prostate dose estimates and adjacent organs during the prostate
brachytherapy and the scatering study of dose distribution using MCNP4C code. Iran J Radiation Safety Measur
2015; 3(4). [Persian]

16- Bakhshabadi M, Ghorbani M, Khosroabadi M, Knaup C, Meigooni AS. A compration study on various low
energy sources in interstitial prostate brachytherapy. J Contemporary Brachytherapy 2016; 8(1): 74-81.

17- Ahmadi OL, Tavakoli-Anbaran H. Calculation of Error Percentage Encounter via Water Phantom instead of
Soft Tissue for Brachytherapy Source Distribution of '®*Pd by using Monte Carlo Method. J Shahid Sadoughi
University Med Sci 2015; 23(9): 806-818. [Persian]

18- Tavakoli-Anbaran H, Ahmadi OL. The study effect of Bone tissue heterogeneity on the dose distribution of
1%3pd source brachytherapy MED3633 Model Using Monte Carlo Method. Iran J Radiation Safety Measure
2016; 4(1): 25-34. [Persian].

19- Azhari H. Appendix A: Typical Acoustic Properties of Tissues in Basics of Biomedical Ultrasound for
Engineers. John Wiley & Sons, Hoboken, NJ, USA, 2010.

20- Wolfe RR, Chinkes DL. Isotope Tracers in Metabolic Research: Principles and Practice of Kinetic Analysis.
John Wiley & Sons, 2005.

21- Los Alamos National Labrotatory. OAK RIDGE national laboratory RSICC data library collection MCNP
data. New Mexico, 2000.

22- Wallace R, Fan J. Dosimetric characterization of new design '®Pd brachytherapy source. Med Phys 1999;
26(11): 2456-70.

23- Sina S, Faghihi R, Soleymani-Meigooni A. A Comparison of the Dosimetric Parameters of Cs-137
Brachytherapy Source in Different Tissues with Water Using Monte Carlo Simulation. Iran J Med Phys 2012; 8:
65-74.

24- Li Z, Palta JR, Fan JJ. Monte Carlo calculations and experimental measurements of dosimetry

parameters of a new 103 Pd source. Med Phys 2000; 27(5): 110812.

1FAD UT (usiad o5loss « pyle g Cown 0590 O3 (PBguo vl Floyd — (bl Glous g (Kbj pele o KLI1S alxo


https://www.ncbi.nlm.nih.gov/pmc/journals/1978/
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwjG1tvW4fXPAhWLVSwKHY0jAR4QFggqMAE&url=http%3A%2F%2Fwww.termedia.pl%2FJournal%2F-54%2FArchiwum&usg=AFQjCNHHdml-U_k0DM8o4S44QRXZCqyP0g&bvm=bv.136593572,d.bGg
https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22Robert+R.+Wolfe%22
https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22David+L.+Chinkes%22
https://jssu.ssu.ac.ir/article-1-3702-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-03 ]

£Yq e g oyl pe (LS9

Study of Dose Distribution '®Pd Source Brachytherapy in
Treatment of Cancer Adjacent to Fat and Muscle Tissues
by the Monte Carlo method using MCNP4C code

Hossein Tavakoli-Anbaran (PhD)*l, OmelLeila Ahmadi (PhD S.tudent)2

1.2 Department of Physics, Faculty of Physics, Shahrood University of Technology, Shahrood, Iran.

Received: 28 Apr 2016 Accepted: 6 Oct 2016
Abstract

Introduction: The dosimetry of the brachytherapy sources is performed in the water source medium
according to protocol TG-43UL. To achieve a resonable results on treatment, the use of the water material for
all body tissues can be one of the faulty sources in delivering the correct dose to the tumor. Thus, we have
focused on the dosimetry parameters in fat density 0.95 gr/cm® and the muscle with density 1.05 gr/cm® in
the present study. The results are compared with the results of the water phantom to show the accurate
accessment via the differences of the results.

Methods: Dissymmetry simulations for determining the parameters of the radial dose function and the
anisotropy function in fat tissues, muscle and water phantom distances and different angles has been using
MCNPA4C code.

Results: The greatest relative differences of the phantom radial dose function of the fat tissue at distances
below 1cm approximately reached 13%; and this rate increased, when the distance from the source
increased; whereas at the distance of 5cm from the source, it approximately reached 167%. In the muscle
tissue, the relative difference of these parameters was about 3% at the distance of 0.5cm, while at the
distance of 5cm from the source, it approximately increased 16%. The maximum relative difference of the
anisotropy parameter of the fat and muscle tissue phantom compared with the water were observed more
than 2% and 3%, respectively.

Conclusion: In the clinical application of the '®Pd brachytherapy source, which is contracted in the
treatment of the adjacent malignant tumors to the fat and muscle tissues, the correct decisions must be
applied on the tissue dosimetry parameters in the treatment planings according to the tables of 3, 4, 5and 6
in this study.

Keywords: MCNP4C Code; Water Phantom; Fat Tissue; Muscle Tissue; Radial Dose Function; Anisotropy
Function
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