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Abstract

Background and purpose: Beam shaper is a type of applicator used in conjunction with the
intraoperative electron radiotherapy. This study aimed at quantitative evaluation of the photon
contamination of this applicator using Monte Carlo simulation.

Materials and methods: In this experimental study, at first the head of LIAC accelerator was
simulated along with the beam shaper applicator using MCNPX Monte Carlo code. Validity of the
simulated model was evaluated by comparing the percentage depth dose curves obtained by Monte Carlo
simulation and practical dosimetry. Finally, the photon contamination at different clinical field sizes and
electron energies was quantitatively determined.

Results: The results showed that by increase in field size, the photon contamination of the beam
shaper applicator was considerably decreased. Furthermore, increment of electron energy could increase
the photon contamination.

Conclusion: Increasing the photon contamination at the phantom surface by increment of
electron energy and decrement of field size can be attributed to increasing the probability of electron
interaction with the steel blades of the beam shaper and production of bremsstrahlung radiation at higher
energies. Due to the photon contamination, employing the beam shaper applicator can increase the
surface dose.

Keywords: intraoperative radiotherapy, photon contamination, beam shaper applicator, Monte Carlo

Simulation

J Mazandaran Univ Med Sci 2016; 26(140): 212-217 (Persian).

212


http://www.sid.ir

oyl s (—S B} yee—L colS i ilba_ L ae
(PIP=PIV) 1990 Jlw jeayed  11€e d)latdh  euiub g Cunyy 8)gs

ealaiwl LBeam Shaper jgilSuilil ,igigs oagdl 12l
glJLS uigo (g jlw ayis I

UV [JUveS
PRV JEvers
" 60T L 390700 3pan
" 59340 Rar) dauw
235
Sl 03 S Lo 5 s e ol 5 g3l 5 o3kl 5 50, SIKLI o 5 Beam Shaper :3aa 9 dislw
il o IS5 s (55l Sl oslinad b, L a5 3L 53 (ST Olis (oS o) aadllas !
Coge &S Low 5 Beam Shaper , 5141 o jon 4 LIAC sdias Olid ju izl o 2 adllas ool 55 o9 9 Slge
s 535 Ao y3 la ot dlie o b 3l el 5 luand Ja slzel e 5 05 5 (55lears MCNPX (8
2 S35 ST 0l Sl 55,253 5 51,3 Ll sy e (oo (6 mr553 5 S Sige luand I ol
L3S E s g 3550 T 5l e 53 oS oy g s Calie slacs 3l 5 Olke (slae3IuL
bl 2ol 551 Lbeam shaper , 5181 51 56 S5 (ST Olj 8 51> 0l 487 ol 51 ol b sl
Ssbir S G5 I S5 S AT Ol o3 4 bl r 2 g 5 LB b Ol
i1 s Ol oo 5 85 Rl 5 s bl 28lS7 L p 5 sebas 55 S5 55 (Sa T Oljoe o131 st
Slealimal ls o YL sl 51 53 5 GRU 5 55 5L 56 slaass L 05 S AST o0y ez

S Al g elas 4y sy 553 Ol Il ol S5 8 (S5 JT sl s 4 beam shaper  5\SCL|
5 Cise gileans Beam Shaper 5 SLI ¢ S5 ST ¢ Jos o ol 53l 16l sl 0519

4o i

«(Intraoperative Electron Radiation Therapy
5 (Low-KV' IORT) (5! o5 Sl lag
(HDR-IORT) Y &Jlab L 15 55 5 (slaaair cpioron
LIAC —olam o tas Sl .55 od o3l ul (1)
Sloodins Ol oy 5 ge S| S (Ul Sordina)
3 =SS () ails o IOERT 3 o3l izl 5 5

IntraoerativeRadiotherapy fes o> ol 5 530,

Coul Slaysg p ols gla s,y 5l =SS (IORT)
Yo UV a5 5as Gl &S5 fpoi L a7 oS
> Jeas Sl Aol a4 (65
0155 = IORT (g 5lwesly (gl (V)3 5 o5 plo]

05 S aSb Jolb il gLa i,

E-mail:hamidreza.baghani@gmail.com S5 08 8 (6] i gunlign 0K gty gl o5 101 g5 —(EL Ld ) dwea s gims g0
Ol el ¢ itigy g oK1 (61 it urckig 0l ( Sy 5 Ab )| i 187

Ol O (g s o813 (gt ki 0dSCtils ¢ SCb 5o 55 05 8 )bslewl Y

Ol (0L, ¢ g daged o1 (gl dtad unikign 0 0S¢ (S35 05 8 coliwl ¥

Ol sl el 0l ! (S 3 gl ol ¢ S5y 0aSCils ¢ (S5 6558 05,5 oltils F

VRO &y gead s WAF/ /D 1 DSl Cgr gl )l 156 AL LSICHIPRr I

PIW 1190 )gapaihs « 11€0 a)ladh (euiad g Cauyy 2)gs ohsjls (A eolc oGl dlas


http://www.sid.ir

Beam Shaper )o3(5aly) (36308 (5501 (3}

IS 1 sl Cad il 0l Lo A MM
L PMMA) o3 S e Joa by i 515 518Kk
slal . Cnl ol alu YO CM Jsb 5 0 MM Cwlies
OAEL o YV x YO YO mME Ll 5L !

53 0T Calsses glacnd 5 5 5SS ol 51 ol

ol ol 0l OLES e)w ﬁfd‘

b 45 beam shaper ;5L 51 oLes @ 1) ol g
w53 Ols elias JSCa la ais 23w 5 YU ) ol &l sl
i 5 ol 5SS les () e o 1y, 5150

Sl odiacas OT s 558

A Cise (gl
edlasold (g ilwand (sl LIAC )‘,ILQ_.LJ}
beam shaper s o LS 40 U™ 5IMCNPXY/$ ade s
Golwands Jde 5l (b 4w 5 (g 93 (gles s ol
odias Slis ol SLIAC 5181 of yon 4 beam shaper
0T 4 Joaze
sla oie aculows 6l ol oo o leds Y
3 ol 05, S 4SS ,L (PDD) (ies 53 ds s
95X CFXF a0 sla0lle 53 beam shaper , 51SL)
alias Sl el (slags) Sl ples (63l 4 9 AxAcm?
Jsbw g 0w S IO0YMEV 53+ A $)LIAC
H:J\_é JE1s o5 Y MM Cules 50 mMmM bs 4 (glal szl

A ealaial uT

o st is0

- . .. G -
W)):M):W&;LS;U\U\;I‘S\]E
S5 1 ol 05 231 4SS ,Lbeam shaper s

DS odias Skt ol L eslizuls ) e (sla, SIS
slaaas jleslacul | s 4 .0)4sL . beam shaper
ladlie L5 ) shte 4, SIS ol slgsl s 55k
03 ANk G5 (ST Moy n
AU IS 5 s g oy S s, S s
S eslawl aailas o=l b Coda 3 yls s s g (5
ST Oljn (oS 5l g S5 g (55l
5 L Gt 53 5 LS ol 5 (56 G5 8

Al o Caliee las )

L b9 9 330
LIAC fos o (3l ool oins e
sdlasolid LSl (gilwand g g2 addlas s
o3l VY MeV JUs LIAC Jeas o ol 5 gl
Lo L 0 S Sk 5 4 536 Je ol
o oS Sl )AL e VY MV 5\ A
A eme sl an (63 s5ae bl 3 edas Ol
(roll angle) ceuly 5 o & sdas ol pw i >
gdedlas Olld o iS5 > gas i EP ol
4,510 5¥ sLls; L (pitch angle) 5,6 sl
Sedns s 6y J3s 5 )l S 40 5 5 )
Sl edias OlLd Ll () e ol slac i
S ST, s o5 03 550 b 055 s
Cle 4T il Ggaea AT M Caledl o siin ofT
ST e 28 o gion JT o 58 31 eslinal Lol

WAL o Y Gas 5l 5o G55

Beam Shaper _, (L /
sdd JSa5 axs g 5lbeam shaper , 51K
g p s 5 5 (0 55T Doy gty 534153 oS Lo
Sl s 5 o3 a0 ls bais oS >
35 5l laass d\.mwdfou;vﬁo,yq
L (0 s-) (Polytetrafluoroethylene) Juls a_¥
Sl b () 05 <55 3Y 58 5 Y9 MM Sl

11990 1933410 « 11€0 o)Lails @iy § Cuny 0)9s

ohsjls (Sb)y eolc oGSl alss Plic


http://www.sid.ir

vljiSns g glyasa Ml Goes

S e gl 4 I ool i b i yLie]
Sl gowis ol (g5l s Jde i lzel (sl
Alze i b (Slo ad I Jool (e 595 o)
D) g g mglin i 815 gl 3 50 los
laskae L L o (6,58 4 G2 b 515 (o5
Ao sV b i a 33055 b alols g 95 Ol o s

N5 il ¥ MM
S ST )

SLaolis & by o 555 ST s p 6l
JoLs beam shaper , 5L 51 ol Cabises U
& Calisea glacg sl 3 VX em? b)Y gladlie
LIAC sdiias Olis 09 SIS0 VY MeV 5 ) A
Tl oy 553 Ol 53 O 5 8 &S 5Lk Ol e
SU S bl s (oS S 4 s
Ao dwles F4 5l

Eaow 9 by asl

dlone 53 5 Cige G5leand I Jool il
03 (e 533 Ao > Sla s

S5 ki Lo K8 ) g0ty 5 osled pga
x}@'aljaoﬁumb#.@laﬂ o3l Olis
by es (00593 5l ol @L:J ol o
2 258 gn Ao & 55b0kes LBL o Sy ST
G5 3 Jos (6502593 5 S5 g (Giluand I ol
S A sy ey Lesl ol S 35 Ll o

( oyleds J._’“,.,GJ)MDGA

S5 S 535 ST 1S e a5 el
s eSSl Lw sAdvanced Markus s Semifelx
3y e ey 595 Ol 5l g led ((V)AS asliul
35 et 35 deoy Sla gomie (6,5 o3Il 5 e3lizul
»ol (a‘,:i\é J=1s

ol 0l 0315 OLiS o)w Jf.}"*‘s

‘beam shaper ; s\ 5 odd (g5le acd Jubo ¥ o5led g

G- 93 sles (0) c(sutns a5l @)

=
s

F=s593(0) Advanced Markus Oldee 2es 593(@) ¥ o lods g g
(©) cokias Sl (g S Dl ks J 25T g Semiflex x> e
T 556 mlaw 5 beam shaper , LI 6,513

PO 190 )gapedhs « 11€0 a)lash (euiad g Cauyy 2)gs

ohsjls (A eolc oGl dlas


http://www.sid.ir

Beam Shaper )o3(5aly) (36308 (5501 (3}

T T T T T T
100+ 6 MeV 100-0@95\ e, 1004
- = BMeV oy B @Q‘&gvv
L 0y, %, L T
18 Y A | 10 MeV 1 i > nvv 18 \ > R v
80 80 \: % o 80 X%
q 9% 12 Mev % K% b RV
S By S o, %% 1 9 @
- q b %v = —_ PO% % e g _ T %R %= 3
X 60+ X s, Field Size: 44 cm” X 60+ s s v Field Size: 6%6 cm’ X 60+ s & v Field Size: 8*8 em
- 3k \ < - v < L] v
2 1A% 8 £ g y 4"
o \
2 w1t R TR L - g 4t \ $ g a0t b & &
o % & % ] A
\ & 'e A4 N R
20+ a % g 20 5 - % 1 20+ s & e
a a % % d, o - o
o, % % o % ® K o & O vV'\v
04  ummectiitosciosliusesses 0 onececaoooltootiooooeoes A 0+ UoecocdoocditooodBuvoncce
P T ARSI T O (O SR e S Ll M A R S B I Tl I Ml P T Ul £ A M I R
A A s S s s e S S S s s s s — ——t——t e —t——t
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 S0 60 70 80 9 0 10 20 30 40 50 60 70 80 9
Depth (mm) Depth (mm) Depth (mm)

)z(ﬁ}jL)Jas)wlapsﬂfa)'i.u\)(u)b‘-jL;uJ.{_i)}})lf;,}ngjLMA:.ijly&&A;j}:M)AL;LAW:?@;M}E#

Calide Oldes slal 5 as 5

6 MeV

8 MeV

10 MeV!
v 12 MeV

Field Size: 44 em?

Gamma Index (3% / 3mm)
Gamma Index (3% / 3mm)

Field Size: 6*6 cm?

+ + + + + + + +
10 20 30 40 50 60 10 20

Depth (mm)

Depth (mm)

t
30

2
6 MeV s e 6 MeV
b SNEaY z Field Size: 88 cm’ Pl
o 10 MeV, g o 10 MeV
v 12 MeV ) v 12 MeV
. S 1+ ;.
N
L)
-
. S
e Y
o= v 8 FF % ohn v
- @ 0 oflofe X
=
£
e
3
+ + + -1 + + + + + +
40 50 60 10 20 30 40 50 60

Depth (mm)

Caliben 50 (sls Olits 5 b Gas )3 (651 KK 4 LE Lot ls slis 18 o sbeid 398

ESwn 5l ol (505 B Olie 03,1 555
54l il ;e beam shaper s ;s (slaars L 4oL
b 2B 58 (ST 0l 0T dbis &

10— T T T T T T T T T

Photon contamination at surface
L }

=06 MeV

0.8

= \ —o—gMev | |
= \ 010 MeV
50.6-- %, v—12Mev| |
a2 N
@ o.
> ~o
= 044 ) B J
= o @ O ——0——pis
& e —t—— o
0.2+ —
0.0-"—+ t t + + t + + + +
1 2 3 4 5 6 7 8 9 10

Square Field Side (cm)

e 53 55 ST 5 Bl i 535 Lo ys F osled g
sl s VexNeem? \X\szgu.]a solds ¢l » r}zb

Ol 55 ot odaT s 4 gl a5 b ol 5o

ssbeam  shaper |, 5 LS 3l eslie ul 4 S o &
‘)?QDPJ})JQ‘)—’?&“}_&FW&\;}{.J\)
w,w&;:@ﬂl}_&\w\ﬁsb Al Aol
593 Oln 53 5SS ol 51 Jol 558 (ST
Oljon 457 3,8 0L bl b el ool w4 i

G55 S I3 (B 53 O & bg o s

23 el Glaig Al 5 Ol 53 O 58 o s
4S Conl S5 5B .l oddesls LES olad  sead
Mty Ao )s G5 ST 3 (AL 5as ks
slal 5 (6551 53 09 S SL b e slkzel 5 595
> 45 boles .ol os 315 blie Olise
Olis 250 655 €5 3 Olibos byl 2887 L 353 o0
Lol oo 53 s 5 B sbe Gy (ST
o3kl 390 (6 (slaars I cidw Olds sl sl
09040 ilis 53 o beam shaper , 51K s
a0 55 Ol OT o5 4 5 al 531 62,8 oo 513
OTL blae Gy ST 5ot g gm0
4 Ol bl B30 o 5 et 4 il (o0 1)
S slaais 565 e i O ol s
S5 ST Olsn g3 05, Sk 5 s
Ols &5 55 (550 Rl B L osdle &bl o alS
b I G5 (53T Ol e s e 26
S AP L G5 N5 Jlel 55k 4

Dl Ll b e B (635 5 05 S

11990 1933410 « 11€0 o)Lails @iy § Cuny 0)9s

ohdjle (i) ol olEibily alas Ply


http://www.sid.ir

vljiSns g glyasa Ml Goes

S35 31 5L 553 Ol ¢ Jeas o g 55230,
4 4l g o beam shaper , sISKLI I ol S5 5
Al Caenl Sl L B

References

1. Willett CG, Czito BG, Tyler DS. Intraoperative
radiation therapy. J Clin Oncol 2007; 25(8):
971-977.

2. Sztankay A. Importance of intraoperative
radiation therapy in the treatment of soft tissue
sarcoma: data at hand. Memo-Magazine of
European Medical Oncology 2014; 7(3):
172-176.

3. Baghani HR, Aghamiri SM, Mahdavi SR,
Robatjazi M, Zadeh AR, Akbari ME, et al.
Dosimetric evaluation of Gafchromic EBT2
film for breast intraoperative electron
radiotherapy verification. Phys Med 2015;
31(1): 37-42.

4. Robatjazi M, Mahdavi SR, Takavr A,
Baghani HR. Application of Gafchromic EBT2
film for intraoperative radiation therapy quality
assurance. Phys Med 2015; 31(3): 314-319.

5. Soriani A, laccarino G, Felici G, Ciccotelli A,
Pinnard P, Giordano C, et al. Development
and optimization of a beam shaper device for
a mobile dedicated IOERT accelerator. Med
Phys 2012; 39(10): 6080-6089.

cb_wﬁawjjjab‘}:ﬂ)}@jﬁ;.)}nldjuw
ﬂ}-\é}.)&:‘-—»ﬂ‘u\_&)J\ ))b})dbdﬁ&ﬁ)}
P YL Ol lajs b 4 a5 L Ll (P o)led

6. laccarino G, Strigari L, D'Andrea M, Bellesi
L, Felici G, Ciccotelli A, et al. Monte Carlo
simulation of electron beams generated by a
12 MeV dedicated mobile IORT accelerator.
Phys Med Biol 2011; 56(14): 4579-4596.

7. Baghani HR, Aghamiri SM, Mahdavi SR,
Akbari ME, Mirzaei HR. Comparing the
dosimetric characteristics of the electron beam
from dedicated intraoperative and conventional
radiotherapy accelerators. J Appl Clin Med
Phys 2015; 16(2): 5017.

8. Low DA, Harms WB, Mutic S, Purdy JA. A
technique for the quantitative evaluation of
dose distributions. Med Phys 1998; 25(5):
656-661.

PIV 190 Hga)eidd « 110 a)ladh (@il g Cumnay )93

ohsjls (A eolc oGl dlas


http://www.sid.ir

