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ABSTRACT

E e (o lV g Lo RETpls HOJoJ ST \V/ES Magnetic fields can be used in radiation therapy to reduce
electron contamination and improve dose delivery accuracy. MRIgRT systems use magnetic

fields to track the position of the tumor during treatment and precisely deliver the dose
from electron beams to the tumor, which will lead to improved treatment outcomes and
reduced side effects.

The MCNP 6.1 Monte Carlo code was used to simulate the Varian
2100 C/D LINAC in both photon and electron modes. Percentage depth dose curves, dose
profiles, and the fluence of contaminating electrons and photons were calculated. Dose
profile penumbra and dose differences were calculated for different modes. In the second
phase of the study, a constant 1.5 Tesla longitudinal magnetic field was applied to a water
phantom that was aligned with the direction of the radiation beam.

The MD reduced the surface dose by 8.3% and the dose profile penumbra by 5.6%
at the surface of the water phantom. The MD removes all contaminating electrons from
the radiation field without affecting the number of photons. The application of a 1.5 Tesla
longitudinal magnetic field increased the dose by 4% in the maximum dose depth region
and reduced the penumbra by 20% and the off-axis dose by 57% at the same depth.
Received: 19 Nov 2023 The MD reduces surface dose, off-axis dose, and dose profile penumbra. The
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Introduction

adiotherapy is a fundamental cancer treatment
utilizing ionizing radiation such as photons
and electrons. It seeks to eradicate cancer cells
while minimizing harm to surrounding healthy

tissues. Precision in delivering radiation dose to the target
area is vital for effective treatment.

One challenge in radiotherapy is electron contamination,
where charged electrons in photon beams can increase skin
dose and harm surrounding tissues. Factors contributing to
this include flattening filter, air gap, and ionization chamber.
Magnetic fields effectively reduce electron contamination
by deflecting electrons, preventing them from reaching
healthy tissues. Studies show a 90% reduction in
contamination and a 20% decrease in skin dose with a
magnetic deflector (MD).

Recent research focuses on developing systems that
integrate electron radiation with magnetic resonance
imaging (MRI), known as MRI-guided Radiation Therapy
(MRIgRT). These systems offer advantages, allowing
precise tumor tracking and optimized dose planning.
Magnetic fields guide electron radiation, which will lead to
enhanced accuracy and reducing side effects. However,
limited research has been conducted on longitudinal
magnetic fields in electron therapies.

The application of magnetic fields in radiotherapy
holds significant potential for improving treatment
outcomes and reducing side effects. Ongoing research is
expected to broaden the future applications of magnetic
fields in radiotherapy. Therefore, this study aims to
investigate the application and effects of magnetic fields
on dosimetric parameters using Monte Carlo simulation,
focusing on reducing electron contamination and applying
longitudinal magnetic fields in electron beams.

Methods

The study employed the Monte Carlo MCNP code
version 6.1.0 to simulate the Varian 2100 C/D Linear
Accelerator (LINAC) in both photon (18 MV) and electron
(9 MeV) modes. The LINAC components, such as the
electron source, target, primary collimator, vacuum
window, flattening filter (for photon mode), scattering foil
(for electron mode), ionization chamber housing, mirror,
and secondary collimator were meticulously simulated.
Dosimetric data were calculated for a source-to-surface
distance (SSD) of 100 cm and a field size of 10 x 10 cm?,
with electron and photon energy cut-offs set at 0.5 and 0.01
MeV, respectively. To ensure accuracy (<2% relative
error), a billion initial electrons were used for flux and
absorbed dose calculations. Dosimetric calculations were
conducted with voxel dimensions of 2 x 2 x 2 mm? to
compute percentage depth dose (PDD) curves and dose
profiles in a water phantom (50x50x50 cm?). To calculate

the dosimetric parameters caused by applying the longitudinal
magnetic field in the water phantom as a result of electron
radiation, the PDD and the dose profile were calculated for
each MC program.

The study also incorporated magnetic fields using
MCNP 6.1.0, applying a constant 1 Tesla magnetic field
under the LINAC's secondary collimators to eliminate the
contaminating electrons. Subsequently, a 1.5 Tesla
longitudinal magnetic field was applied to the water
phantom in alignment with the radiation beam direction.

The analysis involved calculating penumbra and dose
differences using specified equations. Origin 2021
software was employed in plotting curves and figures, with
PDD curves normalized to the central axis dose for the
standard reference field, and dose profiles normalized at
each depth to the central axis dose.

Results

The study investigated the impact of a MD on reducing
electron contamination in 18 MV photon radiation and the
effects of a longitudinal 1.5 Tesla magnetic field on 9 MeV
electron radiation.

In the 18 MV photon scenario, PDD curves were
analyzed for a 10 x 10 cm? field at SSD=100 cm. The MD
usage resulted in an 8.3% surface dose reduction, with a
partial dose reduction in the build-up region and no
alteration in dmax in the standard flattening filter (FF)
condition. Absorbed dose profiles at the phantom surface
revealed a 5.6% penumbra reduction with MD, and off-axis
doses at 6.5 cm were decreased by 6.5%. The MD showed
significant ~ effectiveness in  reducing  electron
contamination without impacting photon quantity, as
evident in the energy spectra.

For 9 MeV electron radiation with a longitudinal 1.5
Tesla magnetic field, PDD curves displayed a 4% dose
increase at the maximum dose depth, particularly in the
build-up region. Absorbed dose profiles indicated a 20%
reduction in penumbra at the maximum dose depth and a
substantial 57% decrease in off-axis dose at 6.5 cm depth.
The findings suggest that the longitudinal magnetic field
effectively influences the dose distribution in electron
radiation.

Conclusion

The study employed a Monte Carlo model to precisely
analyze dosimetric parameters for an 18 MV-Varian
LINAC with a MD. The MD implementation effectively
reduced surface and off-axis doses by eliminating
contaminated electrons, and maintaining photon output
integrity. This reduction extended up to the build-up
region, showcasing MD's efficacy in dose optimization.
Furthermore, MD showed marginal effects on decreasing
flatness and penumbra in surface dose profiles.
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The investigation expanded to dosimetric parameters
for electron beams in the presence of a longitudinal
magnetic field, unveiling the substantial impact of Lorentz
force on particle trajectory. When the initial particle
velocity exhibited a component perpendicular to the
magnetic field, the Lorentz force induced a helical motion
of electrons around the magnetic field axis. As a result,
laterally scattered electrons moved parallel to the magnetic
field, leading to decreased penumbra and off-axis dose.
Simultaneously, the surface dose increased due to the
longitudinal magnetic field configuration. These findings
highlight the potential of magnetic fields in optimizing
dosimetry for radiotherapy applications.

Ethical Considerations

Compliance with ethical guidelines

The current research was approved by the Research
Ethics Committee of Ahvaz Jundishapur University of
Medical Sciences (Ref. ID: IR.AJUMS.MEDICINE.
REC.1402.012).

Funding
There are no financial disclosures and funding/support.
Authors contributions

Conceptualization, methodology: Mansour Zabihzadeh ;

Supervision, data curation, software, and initial draft
preparation :Morteza Hashemizadeh and Mansour zabihzadeh;

Writing, review & editing: Mansour Zabihzadeh, Morteza
Hashemizadeh, Hojatollah Shahbazian, Jafar Fatahi-Asl,
Marziyeh Reshadatian ;

Final approval: All authors.

Conflicts of interest
There is no conflict of interest.
Acknowledgements

This study was a part of the MSc thesis written by
Morteza Hashemizadeh. This research was funded by the
Vice-Chancellor for Research Affairs of Ahvaz
Jundishapur University of Medical Sciences (Grant No.
CRC-0210).

Hashemizadeh M, et al. Investigating the Effect of Magnetic Field on Radiation Dose Distribution in Radiotherapy. JSMJ. 2024; 22(4):425-437




g_ri*")"u"l‘"‘lm F o lows YT 2,53 VFY 500 9 192 ke

ol go—>

I;w.% 9).: Al

SRS )l 5 odlisusl b 55231, 33 rubinndd 35 2595 31 snsblite line y3 U ouw)

&

Py b onadolh Jg9581 g Jeigd
Volisld) amd po ol (U yhan &L jlead Al G TT 0315 mud jgaio® o3l onild o po

Ol 3lga 3lonl yorldisaian (Sulzy pohe SIS ¢ sSub3y SOMSUID (Sl 3y S 308 095 )

1! 51581 gl jorWiisaie (Subsy pole oIS (ol pus liyis 35 p0 .Y

<l gl lgal yoalid g (Kb ke SIS (S (i jlows ¢ Sz (SOISWEIS ¢ Sy (539951 09,5 Y
-0l jlgl 5laal 91l gia (Suij ale BUIS (Sl (GoISWINS o owliigl 1 (55T 09,5 .F

Use your device to scan

and read the article online Hashemizadeh M, Zabihzadeh M, Shahbazian H, Fatahi-Asl| J, Reshadatian M. [Investigating the Effect of

i Magnetic Field on Radiation Dose Distribution in Radiotherapy using Photon and Electron Beams of Linear
Therapeutic Accelerators (Persian)]. Jundishapur Scientific Medical Journal. 2024; 22(4):425-437. 10.22118/
JSMJ.2023.426038.3297

https://doi.org/10.22118/jsmj.2023.426038.3297

USe oNole
BY NC

(oo g JS 4 35 Jigp5 83 292 9 59 7S (Fagll RIS (g1 ¢ o395 5t )3 I o0 (smebolidn (Sl
975 g I (o0 35 9 5 0 03, Gloy s 131 9095 Copmbyo ¢ uurblido Sl live 1 o30iss] | MRIGRT (clasiumges
90 e (ol (1219 (RIS g ()loyd T S0 &2 &5 WS o0 Clb 5005 Cuowrts 383 jebey I
s 03lisus] g 5l g igisd Al 93,3 LINAC Varian 2100 /D g jlwdges (¢lys MCNP 6.1 o185 Cigo oS 1
132 35 BB g 35 Jylg s (Selwims b dpmilone (igig8 g 0350391 (Sl g 53U U g 33 (Slilig o 35 a0 (slo ioxio
1y oS 05 Jlosl O 05006 a3 Yuss /0 i Jsb cuboliio lge el 03 sy 3 e pmidred wsicd dmmslons Cilltoe slacls
21> cdilbe (U 95y Cop
O 09l gdans 3 Jslig 2 5 Gl 51 303 B0 5 gebanw 55 51 20 )3 Y 515 Cecls (M) ondbolie (505503 yocio
S gt A (g0 S 0 Bl e 31, 0> s 53 29250 03901 (G109 U olo bk (G0 yoxic sk
SIS g S 35 ges Al 5 35 o 3F Ll sl Vs 1/D Job owabliio (lawe Jla! 3,13 W ygigd dlass
MW iy 33 B0E 5 yop0 31 5B 53 (6 20V g drlues (S Y +
e 394350 2w 33 iy (Slwies 9 j90 5 2,6 3 (dans 33 LIRS el punblide (01551 o

w25 975N Sagi 5 13 s95%0 51 E6 53 9 e SRS sy Job pmabolize VFeY oUl YA iedl o g,
53 &2395 MR-LINAC ¢ 2 55 9231y ¢ cmmb Ui ylino YFe¥ Ity U
VEoY o Yo 1 Ll &y ,U
] ]

HIfVWWEY - XVOWepS)

03l &ad jpako

Sy oSl Sy Sy 09,5 cilsal pslisin (Kb psle oSty (oliadS by sl ool 2 LS
FUARNYD- FYYAY 1 85

manzabih@gmail.com :4.LL],

1P Ry ) (A 33 2395 ol lise ST oy oo g 0315 ool (25 ye



file:///E:/graphic/صفحه%20آرایی/جندی-شاپور/jsmj.ajums.ac.ir
mailto:manzabih@gmail.com

Fooylond TY 0,93 NPT 120 9 y90 5o

o

&l 5 @.M]GLM L;Lmdl.\,,a 5 L;.f:l} bs oy ngaX A4S ) ke
oS Glagn Sl (U5 Lgos g colia gl AlE oo wta
25 Sgntg 1) 33 e B3 Bl pal (i iy IS & pge Camsty

D] as S8 il (o)lee pials a4 g

Job mablize clalie sl (ogas 5 B lisios (98 b
aisej oyl > Ayl Sldlas .l snis ol gyl glagleys
ol 045 Dgate (ubye aubline (sla e I odlaiul & baos

ol jl oslaiwl b (ola gilwans Weinhous dAAD Jlw o
2ol ol 31 plosl O pgisld Gl > sabiuas ciliseo _pugblize
N3 Sorsl gy s Shy 9 8350 dbml 558 sbgbals
MY e » Bielajew W] woby e pusi pasld 4 g9
sbolie Bh ool slagy jl edlawl b1y ol gjluands
Sl lie a8 ol lis b giluaus cpl 2l pbol CleSs  aublize
DF] 598 alons godgiome d9u0 9 (28l el Wil o (cuublise
byl & 5l ookl b ol islejl ¥++) Jlo > Litzenberg
ol @l b pbsl ol oSl gy g 8 gl
55 105 el 45155 o ol boline (glane 45 3 L5 Lo yiles]
Chen [VO] Bgd pYb Cuomwds (5958l slagleds | (glalasMo L5
S ol &S 0l plodl gilwands g9 5l slaalllas ¥+ o0 Lo jo 50
oS sl 53 53 g0t a8 ol (L5 adllae oyl gl 391 5 gl
Lasye o Sgin 35505 b (oo puabline slaglase 36 o5
s gy 4 o) g Andrei Ghila Bl ¢ yioxan [VF] ol
395 @l g Sladly S5ss Glagili 3 Jobo (suiblize ol
DY) wlesls yi)l58

@ Yb el (Slopdgi s 5> (pmablite (ol Conyl8 caoms 5>
P olaass o b ol ials g loyd bt deme sy
sl g )l ashl (Slopgin )3 publize laglie 35 (5 dej
J;L u»):wf b.ﬁ.{l ) Lb.)ﬁ)lf O”‘ dS .)9)&

20 Rl g mablite Glae 38wy adlllas oyl 5l Baa
Caad 33 33 IS g (g loagsd 15 Jloolizal b (6 3 (slyial

o 97 Gl Sogll Gl 51 (36 (603> sl yielly (g 1
§ b lize ‘_-,Lx:o L;o.wfc_éy:;o Salwgds YA MV cosimdclid olSiuwd

oo (uablise (e Jlosl | (286 (g e3> loyially (o) i
AMeV Sousl gla il o pguld 4

= o>

doddo

lg‘ol 2D &S cwl dUo).w Qlﬁ).} ‘_A.o‘ dhhuils) 5! &.55" u}[n)sy'),;
G s da g xSl g b yg7g8 ASle 0liiSoj0es (slagsy I olauwl
logiy 5l (8U 33 oy S3e oy lp Spees o Sy Gl
Sl oS Jlopy gl oy bgow Gua gdalaie 4y 38> jobay WL
IV ] 395 oSl Gl ol (glacdly & o]

P95 (391

G55 (S9)l sl (G955l Gleydsiy slatlle S (S
oy SUl ol 515 0,1 (19598 (slagi 53 o)k (Sl Sl g &
Gl ol ol 4 5 Jigd e Cangy 5 Gl 4 25lyisn
I¥] 93 Sloydging (ol (o)lse el g il Gl

i dar 1 553 g S [Sogl el il ik b
[0] samdlid olSuwd yw g poild yu lop oz [ F] (FF) oS cos
I5] 4ol g ol 3L

ablito (lage b g 2SI (Sagll ials

N a9l (Sogll (ials el Wl (pmablite slaglie
SSS By Iy a39ﬂ Sy Sl Wilgs o quubline gl lis .13,
VAT 6yl ol slacdl 4 gl e, 51

e ysbods Wl e mrbolize (slaie 45 Hlodls s ldllas
oS ol Lt cladlae (Jle olgieds timy ials 1y g ySUl Sagll
e b1y 59l (Sogll Wlgs o cumblize (g0aiiS' L oin 5l o3l

V] ey el o p Yo by w%)&g_\.@)a

Pl coS 5 b (g S pulianid (G et (G AR g
(MR) _gwublizo

Sl Ghmwg (g ) (b Ol 3l bl 5
ol Gl 0ads pbsl (MR) udolize Sl oSy b (59 S| mudiadts
MR-guided Radiation Therapy (MRIgRT) (slapiumms i

D] Bed oo adlis

Sl Sloydgiy i slahey & Coms (o0b; sblze MRIGRT

by gloy Jobo 2 1) s9e9 Cusdge (3.3 sobdy Sli SMRIGRT

g 4 Sl yol cul S wal )3 ) 55 ()00l (gilodingg 9 45
DIV ] 5 Sa il oloe il 5 ey gl

Ui MRIBRT (glapiuw (drwgs 10 Ailgs oo sundolize (sl lane

P3Ny yd S 3 83595 1 owablite e 7l oy 0ol Ko g 035 (ol o550




F o lows YT 2,53 VFY 500 9 192 ke

¢ .
ol go—>
Mo cpiblise goaiS B pnie giluand lp wdlae ol
exSn o gl Ve x 10 X V0 (slad 5 (Mud) V T ol bt
Sl Sl Bl (] LINAC olSiwd jw 56 slayilodd S 25
e wm pE 3 opimen 3 Jlesl G2 ol 5l oaiSodg
b 48 15 Jlas) ol pgilé 4 (M) VB T e Jobo punboliio
S)b caislles il g5y

e LI 3 35 Sl

U o ol mopoyio oo ¥ X Y X Y 0 JuS'g olel cadllae oyl jo
Be x B+ x 0+) o pgsls )3 1y 5 (o ldsy ¢ PDD (clo oo
54 09y g (9398 alad (sl ) il S dsle (e pte b
0988 Jols sl ,lal plw g Rayleigh  SuSTy, 68z jl bl
oS o by g Sl Sogll il lsles (gl 0t osliz
adsl 098Uy (il gl oy (igigh 5 oaiiSoagll (slayg S
X Ve x Ve JuSg 50 (cdg&o +/+V (65,01 (505l L) LINAC Gua (g,
A5 ey o3l @ 5 o pgtlh sl o ) (axSo o iboe /)
(omablito s JlosT 31 (36 (550055 (slaslly (sasmlone (sl
5 (PDD) Gos 5> 3oy> (g Gl 3l 5 ol psilé > Jobo
Gos 53 slabildy s b dnsloee MC (gaalyy yo (sl 35 gy
DA duobre yio Bl Y/A 9 VO NN

Target
Primary collimator ——— |
Flattening filter

s Scattering foil

- -— Secondary collimator /

Magnetic Deflector ———""" -

= + =

Applicator

= D

Electron beam LINAC

PDD

Water phantom

2 O¥9s
(LINAC) (s g0 lind oliwd s (6 5L dannd

Varian (gjlwand gl £,),0 (45w MCNP o,l8° Cogo &S
o558 95 sy 9yl 5 Ssiss s 9> 43 2100 C/D LINAC
Y USE p a jebled b edliiel A4 MeV g xSl 555 gVAMV
«Ban ¢y9 58] mie ASle LINAC (glinl plos canl oads oals 4l
(S5 b ly) iS55 slayild S5 (o, cady) ysilodss
g bl (ygml e sabbize | 59y <l (lp) scattering foil
Silodend (35 psboay (%), (g45s) MONP Lsgs a5 ygilasS
ol 5 sio Bl Voo by iy SSD (elyy (gyiarsd (cloodls .5
0998 9 092U (s3] o A dlro @pe yia(glo Ve X Ve lase
FE o slad 4 Gy Glp D SglRe [0 g 10 G
3 5 ) samlonn (sl eyl 0980 3)laacS ) (203 Y >) o

A odlaiw! omu).;\?

cwablide oyl Jlas! 5 (g 5Lwdmmsd

Shwkin > ablin e Jle! oSel MCNP 6.1.0 ]
bS5 eslamal b1y ol s el Jlsl g e jascie
Ol A8 o w2l,8 (numerical integration) goas (g5lwds LS,
) ublize Gl o> )3 o)k @lps MC sl go)ly> e
[V A] cdl Ys glgl o oles oo

Ionizing chamber | =— |

Mirror

_ Dose profile

Photon beam LINAC

Ssles o (Magnetic deflector)  wblize (008G e pgild ¢ S9,58 § JSeigh cdlo g3 10 YVev C/D lg LINAC olSiwd yuo (slinl cundge .Y JSG

1P Ry ) (A 33 2395 ol lise ST oy oo g 0315 ool (25 ye

Pl ) (oo 53 blbgy g (des 53 Moy Cuxdse




Fooylond TY 0,93 NPT 120 9 y90 5o

WS wyy e gl SSD=100 yd apeyin lo Vo X Voo lase
o zve (gdon Llodd o3y L5 ¥ IS5 0 PDD (sba ioxio (sdan
Ve Gas > PDD yyslie .5as 3,lubil FF b s 5,8l 4
Vg 3 (Do) e 35 5 (dmax) 5> 55 Gas Do) yrecsilo
el (MD) publize (coui8'dyrio | odlitul .cawl o0 (5 )yglxe
b b auglie )3 MD ) solil 43 gaw 3 1 dops MY ials
MD .54 oo yoxie Build-up (gasl )'3 S pals 4 bl
B30 et FE b )3 1) 581 55 as

o 5 (D10) o 5l 1+ 3o2 13 Do) s 53 Gas 33 203 ) Jga
2 i sden Cuwl oid )l il (glag )l (sl (dmax) o saiuin
8545 oy (FF) 3 )lnsbial clls 31 g 635 50 900 53 55 Sl ol

dmax (Cm) D1o (%) Do (%) Ja.pl).w
YIV Ya/A DY/ 555t
¥V ALl /A S
(MD) (guubolise

i 53 Jalbg 5y

Y S 8 L (iashn ¥ 505) poilb gdaw 3 ok 55 Bliyy
o 59 Jyann ssbt e 5 lbyy Sl s alone yials
Gan ol gadllas opl )3 (b cpll g o (60503l o ol Ve
orlpliy sl pgsls o 09l (slayg S b gy Ll
2ol @i 35 Blhgy d9die IS 65 Ges 0 i > Rbsy
ol o o3l L ¥ IS

el gu—

=W U
Yolo b Giliseo (elacdls (gl 3> M g 55 by ccarbues
A5 dsloe i (V) 5 ()
Penumbra (mm) = dgo — dyg (V)

Dy—-Dy
Dy

Dose dif ference (%) = x 100 (¥)

3 BBoy Bes e pd dlups (sawlxe )3 dag g dso ¢)] > &S
0w slp D2 g D1y dgnge ‘_;Lm)"s Ak doyd Voo loyd A
L0 dumlie Cilies clacdls 3 55 M

Origin 38l 5l g Ao yd ¥ il yieS dusbre (aus sllas STas
Joy)n dlna.!‘.) PL)S A5 ealiw! LQJSM: 9 Lmuou.a (o 5 LS‘)? 2021
Ml 5 535 o pgme 3 o pyslé 33 5S1s 4 PDD (sl e 4
Jxe 35 4 boals ¢ cela LB el ¢ ilio 55 50 Jlo i 5 kel
a8 Jloys hlogy 53 Bos 2 3 535 50
L a8l

WMV G5igh G 3 s (gl ials
(MD) _cmublizo (5048 yxie (gdlwgds

oS 53 KW

da)l.hl LS‘)" u—l P?‘)b » 6)5)'° 5:)4 9oy PDD L;ch:‘jm

100 +

90

80

70

PDD (%)

60

50 4

—s— FF (Standard)
—e—FF + MD

Depth (cm)

(MD) (seibliio (5015 G i 5l oolizl b 5 (FF) oniS' e s b 5 bkl <l 3 VA MV 5398 as 3 o> Jlagas .Y JSub

P3Ny yd S 3 83595 1 owablite e 7l oy 0ol Ko g 035 (ol o550




S5y (sode dloxe F 0ot T¥ 0393 N F T 0 5 534500

ol go—>

'—s— FF (Standard)
100 —e—FF + MD
N
80
<
9 60
[e]
a
(0]
2 40+ 4
Q
[0]
4
20 -
Mb
0 )
1 " 1 . 1 s T ¥ 1
-10 5 0 5 10
Axis (cm)

(MD) (gbolise 50035 3 yoxie 51 o0lizsl b 5 (FF) o0 s il by 3 )ikl el 13 VA MV (ygish s osds 55 Ualigps loses Y JSid

2 lagygigd JS il g S iyl (65 dawste 551 Jgsa sl jl 203 F10 fals’ el (MD) (publise (50155 i
Giltske (clogy i BB il Y ot b b 3kl b 4y Cams Jilbgyy 5
Total Energy of Average s NPETS J I FE el o fl N
fluence maximum energy bylys Sl 97 JLEI> 52 )W 3529 < o> flatness ,> ey
(x10%%) * fluence (MeV) (MeV) ol ooy L ¥ S 0 oS jeblod el ol Jeodio 1y (0L 5
V¥a e AR 3 bl Sl ) sme 5l )l 55 waiSedgll (ol yg S Gis MD
AR A A MD FIO e 4 (6 e bl galold 31y yema 5l 215 )'3 MD 125 0
el 03 2 ayesia gl o Aass i ol And e LialS 3kl FF clls 4y o o)
°35” LSL“O?):S‘” Jf u:’)L“’ 9 )‘"fL\> L)f’)l":’ LS))"l ‘Ja“'?:“ LS))"l ¥ J’J‘.’ (o db’:y)‘-w dl)-.’ Jye )I C)“’ )3 5 Un-flatness ‘AiL“’rV:j Yy ‘JS"“?
il lag b A5 dale O pgils ) e 5 (sla gy 5l
Total Energy of Average L .
fluence maximum energy Ll Off: ax.ls dose  Un fl?tness Penumbra Lol
(x104) * fluence (MeV) (MeV) (%) %) (mm)
v/ \/§ N 5 kel afs YIvY YIYA 3,5kl
offo offo offo MD AVAR Y/ Y& MD
53931 el g SU g 4T a8 g5 4l b
b (mblito (lae joie ;5 A MeV g 2SI il P §09s SNy 0598 S5 e
Yo /0 2 deuoleo o Bl Voo byl SSD 4o 039l )9 SUl g (ygigh il
R A ol i 650 (g3l pSibo Cunl odd 03l L ¥ ISS o
s 33 o yd e i c o e
Jsha 5> iy pgls a3 03gll slagyg Sl 5 (598 2 JS
233 il doyd ¥ dgds (b IS5) PDD (gl jlages gy 5o Sooll Gials > e b st MD .l oad o3ls gl ¥ g Y
(M3 V/0) oo (puiblize lare Jlosl Jdsas jiS1a> 55 Bas a0l 2000 d9e 6”9“ slogyg Sl plas &5 (ggbay wudly (495l
Build-up (sl ) osadd sddsdalio 33 iuli8l .05 ssalie a5 6yl g i) g )8 Gls il e 5 1) ol
Cawl dgpuine D)5 yesed

1P Ry ) (A 33 2395 ol lise ST oy oo g 0315 ool (25 ye




¥ oylowi YY 595 NP+ 20 9 59 o )yl JUS) dm

x10° x10”
A —FF (Standard) | 50 B ——FF (Standard)
47 — FF+MD —— FF + MD

[0}
2

H 40 A
34 3
8 =

e S 40
[0} -
2 3
5°] °

kS S 20
= =
o " =
& )

€ 104
Q
(&)

0+ 04

T T T T T T T T T T T T T T % T T T T T
-2 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Energy (MeV) Energy (MeV)

o3lisal b 5 (FF) oaSess b b o)luslisl cdlo 0 VAMV (Ggish (6 53 Ol gl 4y 639y slooysisd () 5 039l slays iUl () (555 o ylagas . JSUd
(MD) (qmsblize (50453 pxio

120

—®— Phantom
—&— Phantom + BO

100 | o o8ny

1 L 1 " 1 " 1 " 1 " 1 L 1 N

0 1 2 3 4 5 6 7
Depth (cm)

(BO) M VO (pubolize (yl3s0 3555 5 ypie> 3 A MeV g Sl il Ldas 55 o g0 O JSWS

P3Ny yd S 3 83595 1 owablite e 7l oy 0ol Ko g 035 (ol o550




S5y (sode dloxe F 0ot T¥ 0393 N F T 0 5 534500

= o
Wb Gl (e dee Vo e die VMY) doyn Ve (jie il e 3 gy
S10 (salols 13 jeme )5 53 e Job sublite e Jlos! Joay

sl 0 o0l L5 & IS5 53 Gilisn 3lac] )3 53 (sl by ples
(1o YYD & 2o )d VIBY) 2o 3 BY line 4 o clon ,d yio bo ™ Jsa Slos! )2 53 sl Ly plos

Y/B) s 55 o5 53 tboess i Jsb (gueblite ol 3l o3lizl L

el uals
120
Depth = 1.1 cm —=— Phantom
—e— Phantom + BO
100 | (A) p e ™
. {

D [o)

o o

T I
— .

Relative Dose (%)

N

o
I
— -
-

N
o
T
p -
-

Off-axis (cm)

& rin sl A () ¢s st sl VY () (slagos 53 (BO) M V/O Lwbolise (ylis 955 5 yous 13 MeV oSl (il o ks 35 Ll s ybges o(A) & JSWS
S paSLYIB (2) 5

120
—=— Phantom

Depth =19 cm
—e— Pantom + B0

100 k (B) M
. \.

g 80 | g ,{‘
§ 60 J 1
a i I ‘u
B : ‘
© 40+ ) \
[0] @ .
o ° o
20 F F ‘

1 " 1 M 1 " 1 n 1 n 1 " 1

-8 -6 -4 -2 0 2 4
Off-axis

o
o - L
.é.

6 yio bV A (0) ¢ yro bV Y (Cill) (sl Gos 5 (BO) Mt VO (nbolinio yline 3955 5 ygui 13 A MV g iUl (il (s i 53 ol lages o(B) & JSCud
SyesleY/o (2) 9

1P Ry ) (A 33 2395 ol lise ST oy oo g 0315 ool (25 ye




Fooylond TY 0,93 NPT 120 9 y90 5o

o

el gu—

120 _
| Depth=2.5cm —-—'F;hantom 5o
[~ Pantome+ ED)
100 | (©) M
# 3
2.\0, 80 | ;
o I |
[72]
S eof .
s | |
2 : '
T 40 a s
0} e
o " .
20 - » o
e -
L % ..
ol S
1 1 1 1 K 1 1 1
8 6 4 2 9 4 8
Off-axis

ol M A (0) e yio LMY () (sl Bos 5 (BO) Mo VD (mbolinio line 3905 5 youis 13 AMeV g iUl il (s i 53 ooy yloges o(C) & S

ol sl gy 5 (sao Ve ialS @ 3 5 a3 i8S
25 gn Sl glSa £ (yggh Slaydging sl siagsils Vox Ve lse
o SIl 2ol gl MD 1 solizul o 3 (s adlae ol (V)
b b auglie ) w3 e Sl FF clls a5 ) edaw 55 w3yl

Gl 03¢ Mo > MY ialS” ol e laslia!

Wi /0 Jgb smablito olige Jlos! 51 (o3 13
ol pgild
ML 503 S sadgl sy g (ommbline e a9l
I3k (0,3 Ko &S ol S o o) 0,3 8 > e Sl i
23908 L g S8 WS 8 (publie Gl )b ]
S 0)3 CS o cdomgs ) S o 45 0,3 C pus g sugblite (e

355 50 B mablise (live S 5 o syl ey o segls 55U
I¥-y-]

Ol 3 28l (publise s b silge 0)3 (sadgl cas o 0T 55

e %S (3930 0)3 9 092 BloS jhuo 053 1 3l i yg) (955 «y90
adgl ey 38" (15,8 ¢ oyl 0l dalgs doldl dg3 puiine ¢S > &
Wygo (pl )3 bl abliae lise p dgee slddlie lyl> 0)d (¢
2 (ueblide e bglad sl )3 0,3 39800 cacl ulyg) g9y

S FaSLYIB (2) 5

P9 Sl a5 b ol
SVl SuSTy Vil g o Lawgs 13lg5 oo 039 (sl S0
Is2 slaJgSJge 5 LINAC ol yoo cilises (lial b (65500 oo
Sl S cpl [V] 20 bl jlaws s gdaw g LINAC ol8iwd yus (0
sloa )5 5 ey e Lioll 1) daw 35 ohgds (LS ey D o3yl
Wil daw 5> ool g Slop sasln (b plia (b
Jleis! Jdsas 1y es jd GBan oo 4y b_\w):9>U).) Ol Cunl (Sae
V] S 3900 s Gl g Cuvsy b Js HBré 35
Jlosl & wmd o olis FF cls ol b sloosls F 5\ oo
BB i 5l 1y g Sl Al (MD) MV boline (oS’ Cd poxio

sl 005 s 35 50 MY IS s, g 03,8

S cwd (gl publize lare S 5l uiblite (slrosiis Sy

o1l (g3l (sl iUl sile 55500 (g9 ook 51 o)k >
3l oagll (la g xSl 3,8 oo b oaiiS' o o3liiwl LINAC o
S JB jsba g ) jlew cung )'3 Glow (3 9 Py peme
5 oolawl a5 oly 4las (V- +#) Damrongkijudom et al .l sals
Wiy o Hlow Cagy 4y 48 |y 039l gl oy 58Ul Dluns _punbline lie

P3Ny yd S 3 83595 1 owablite e 7l oy 0ol Ko g 035 (ol o550




F o lows YT 2,53 VFY 500 9 192 ke

*
sl gu—a
o3l g ySll Bl b (295 laogg » 8 o (ublise
Db e )l B 3 s hly el b xdaw 3 el el
5 sl ldgy stilos 5 (Blob Gaals 3 (o b MD copimen
D)y (o

M pas Sl gy ey glagll (ow)n
e 33 (soken G5 iyl (G954 WD oo LS SV oo (punblise
sladlze s 003 S gadgl Co g &S i o @l S >
OsrSI & 298 g0 sl iyl (g9ye8 bl (gurblite (lage 5 250s
2SS amblize i jeme Glibl > o jle 66
L5)|9“° ke ilodds o.\Sl).s LS"’E G ygody & @L‘”usr&u Al
(Job (publise (lise Joay oulply WS (o0 &S > (lae i L
Ol > (Plaw 3 opimen g C8b (il e Sl @)l 53 g Ipsegy
b Gl
ST Ol Ve

oARg5 G Jgel 5l 595
Col 005 ealiwl uJL.uJI L OIW T )I cdslllao o;”‘ BEl
o ol

)bdbwkou}b@j‘wuduﬁ@“&ﬁﬁw‘
D)5 ey elanl e b (6l (pagee sla iy

&@M’ "95 C%S)W
50315 g ygate s owlid (b9, «(silo porie

5y gl g Gy st g )3 oy e o3l (gygla S el
fo.)‘)’ C...:.) PR, o.)])' ua.wba

OLjld dilcons wdlj zod jgate tpialpg g () p (85
fOlals) apdye ¢ ol (LB Hixx

BNy Ao 2l Sl

&l 2,5

)l pMel (gly (28l DLaS gun B ais g
(13,48 9 ;S5

S pale olRiily imgh Coglee (Jlo Coles b ddllas oyl
.Ab plool (Grant No. CRC-0210) ! <jlsal josli i

Sadlye S o8 elin [VV] WS e8> (orplo b (slopl yoane S
el iy 936 ePn (ST b 2l Sy wile 90 ol 3900
M yge SLEL ) (mple oS0l S > 09Il &7 295 0
S 2900 el (Jobo (purblisa lie (cplply A8 S o punblita
cax b silge (e )3 (Sl g0 oaboriSly peils gl Sl

DF] a8 8 o slise

0313 (¥) 305 bolre L 4536 (sl iUl (g)lso lads cg )l ol )
e bulyd €5 6 (glayg Sl (gSuwgpf glad b o 2980
Gl Ggliin (udye cumbline
m(v sin 0)

r=———=(0<sinfd <1) (Y)

eB

098 ey M (20) 466 slagygiSUl (gsSg o glad r &5 ol

B e0s S Syl sl e el 5e) (98U s v (S 5kS)
2 258 GbogSIlngs n gl 0 5 (us) (ueblis )L JS>
oy 4958 a9y (9Swg ] lads il Job (urblise (i
M 5> (Frle pe (ilhe glad ) S sS B 3508 sl

IS wisgdie i Bl 93 1 4 gl lagyg sl o olSn

@S ool e QI B pgme (S35 3 1y 5 5 Mg
S il el g 29 00 ablid «(EFE) (9 pSl S 5o 51
wlops G2l @onis 53 9 LRI lie g0 @ gl slayg Sl
(S35 53 33 G [YY-YY=VF] (odly slas pSeslal 1+ ] 930
el adle ol S o ol |y Alups IS 5 5y e 55
2 0t 1oy 0 ol 2 5 Glalidl 2o a3 e A1 |y tplie
{7 JS5) o3 Yo i & il S22l 5 (0 JS5) Gl san b

d)“w.)'; Coje e sl dgame pladls (godgie oS Jb o
S Sagin gowy shlops WS (o wol B 1) bogiss 4 cuns
55000l 1y Gan gao b Skl Jloy 8l 4 ol 5l 55l
gy 5 o)l alyoel slag)b b erd sjlusnd Slidos A8
sl 0315 L3 1y 030,580 53 cslsposs L2nlS gl (25,9185 gyl
bt loge Jlos! 4 an3 s (L5 ¢ pizman aslllas sl [VF )Y
)l 35 EFE Lalsl o (LSE) ol (oS (el ials
A o ialS ]y jeme

S5 4o

Iy YA MV-Varian LINAC L;):A;.)"s sl iyl s yda b MC o
dcx;fd)m )'I o3laul .3)5 4#**’[7“ L;wuu‘olm L;a).;;fgé)z;n l;

1P Ry ) (A 33 2395 ol lise ST oy oo g 0315 ool (25 ye




September & October 2024. Vol 22. No 4

Jundishapur

References

[1] Semwal M. Khan's the physics of radiation therapy. 6th ed.
Wolters Kluwer (India) Pvt. Ltd., New Delhi; 2020.P.134. [DOI:
10.4103/jmp.JMP_17_20] [PMCID]

[2] Kueng R, Oborn BM, Roberts NF, Causer T, Stampanoni MFM,
Manser P, et al. Towards MR-guided electron therapy:
Measurement and simulation of clinical electron beams in
magnetic fields. Physica Medica. 2020;78:83-92. [DOI:

10.1016/j.ejmp.2020.09.001] [PMID]

[3] Parsai El, Shvydka D, Pearson D, Gopalakrishnan M, Feldmeier
JJ. Surface and build-up region dose analysis for clinical
radiotherapy photon beams. Applied Radiation and Isotopes.
2008;66(10):1438-42. [DOI: 10.1016/j.apradis0.2008.02.089]

[PMID]

[4] Mesbahi A, Mehnati P, Keshtkar A. A comparative Monte Carlo
study on 6MV photon beam characteristics of Varian 21EX and
Elekta SL-25 linacs. International Journal of Radiation
Research. 2007;5(1):23-30. [Link]

[5] Medina AL, Teijeiro A Salvador F, Medal D, Vazquez J, Salgado
M, et al. Comparison between TG-51 and TRS-398: electron
contamination effect on photon beam-quality specification.
Physics in Medicine and Biology. 2004;49(1):17-32. [DOI:
10.1088/0031-9155/49/1/002] [PMID]

[6] YaniS, Dirgayussa IGE, Rhani MF, Soh RCX, Haryanto F, Arif I.
Monte Carlo study on electron contamination and output
factors of small field dosimetry in 6 MV photon beam. Smart
Science. 2016;4(2):87-94. [DOI: 10.1080/23080477.2016.

1195609]

[71 Damrongkijudom N, Oborn B, Butson M, Rosenfeld A.
Measurement of magnetic fields produced by a "magnetic
deflector" for the removal of electron contamination in
radiotherapy. Australasian physical & engineering sciences in
medicine. 2006;29(4):321-7.[DOI: 10.1007/BF03178398] [PMID]

[8] Zhu TC, Palta JR. Electron contamination in 8 and 18 MV
photon beams. Medical physics. 1998;25(1):12-9. [DOI: 10.
1118/1.598169] [PMID]

[9] Sjogren R, Karlsson M. Electron contamination in clinical high
energy photon beams. Medical physics. 1996;23(11):1873-81.

[DOI: 10.1118/1.597750] [PMID]

[10] Yano M, Araki F, Ohno T. Geant4 Monte Carlo investigation of
the magnetic field effect on dose distributions in low-density
regions in magnetic resonance image-guided radiation
therapy. Physica Medica. 2019;68:17-34.[DOI: 10.1016/j.ejmp.
2019.11.005] [PMID]

[11] Mutic S, Dempsey JF. The ViewRay System: Magnetic Resonance—
Guided and Controlled Radiotherapy. Seminars in Radiation
Oncology. 2014;24(3):196-9. [DOI: 10.1016/j.semradonc.2014.

02.008] [PMID]

[12] Roberts DA, Sandin C, Vesanen PT, Lee H, Hanson IM, Nill S, et
al. Machine QA for the Elekta Unity system: A Report from the
Elekta MR-linac consortium. Medical physics. 2021;48(5):e67-
85. [DOI: 10.1002/mp.14764] [PMID] [PMCID]

[13] Weinhous MS, Nath R, Schulz RJ. Enhancement of electron
beam dose distributions by longitudinal magnetic fields:
Monte Carlo simulations and magnet system optimization.

Scientific Medical Journal

Medical physics. 1985;12(5):598-603.[DOI: 10.1118/1.595681]
[PMID]

[14] Bielajew AF. The effect of strong longitudinal magnetic fields
on dose deposition from electron and photon beams. Medical
physics. 1993;20(4):1171-9. [DOI: 10.1118/1.597149] [PMID]

[15] Litzenberg DW, Fraass BA, McShan DL, O'Donnell TW, Roberts
DA, Becchetti FD, et al. An apparatus for applying strong
longitudinal magnetic fields to clinical photon and electron
beams. Physics in medicine and biology. 2001;46(5):N105-15.

[DOI: 10.1088/0031-9155/46/5/401] [PMID]

[16] Chen Y, Bielajew AF, Litzenberg DW, Moran JM, Becchetti FD.
Magnetic confinement of electron and photon radiotherapy
dose: a Monte Carlo simulation with a nonuniform longitudinal
magnetic field. Medical physics. 2005;32(12):3810-8. [DOI:
10.1118/1.2011091] [PMID]

[17]Ghila A, Steciw S, Fallone BG, Rathee S. Experimental
verification of EGSnrc Monte Carlo calculated depth doses
within a realistic parallel magnetic field in a polystyrene
phantom. Medical Physics. 2017;44(9):4804-15.[DOI: 10.1002/

mp.12413] [PMID]

[18] Goorley T, James M, Booth T, Brown F, Bull J, Cox LJ, et al. Initial
MCNP6 Release Overview. Nuclear Technology. 2012;180(3):
298-315.[DOI: 10.13182/NT11-135]

[19] Goorley T. MCNP6. 1.1-beta release notes. LA-UR-14-24680;
2014. [Link]

[20] Bull J. Magnetic Field Tracking Features in MCNP6. LA-UR-11-
00872, Los Alamos National Laboratory; 2011. [Link]

[21] Kelner SR, Prosekin AY, Aharonian FA. Synchro-curvature
radiation of charged particles in the strong curved magnetic
fields. The Astronomical Journal. 2015;149(1):33. [DOI: 10.
1088/0004-6256/149/1/33]

[22] Oborn BM, Gargett MA, Causer TJ, Alnaghy SJ, Hardcastle N,
Metcalfe PE, et al. Experimental verification of dose enhancement
effects in a lung phantom from inline magnetic fields.
Radiotherapy and oncology : journal of the European Society for
Therapeutic Radiology and Oncology. 2017;125(3):433-438. [DOI:
10.1016/j.radonc.2017.09.012] [PMID]

[23] Alnaghy SJ, Begg J, Causer T, Alharthi T, Glaubes L, Dong B, et
al. Technical Note: Penumbral width trimming in solid lung
dose profiles for 0.9 and 1.5 T MRI-Linac prototypes. Medical
physics. 2018;45(1):479-87.[DOI: 10.1002/mp.12680] [PMID]

Hashemizadeh M, et al. Investigating the Effect of Magnetic Field on Radiation Dose Distribution in Radiotherapy. JSMJ. 2024; 22(4):425-437



https://doi.org/10.4103%2Fjmp.JMP_17_20
https://doi.org/10.4103%2Fjmp.JMP_17_20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7416864/
https://doi.org/10.1016/j.ejmp.2020.09.001
https://doi.org/10.1016/j.ejmp.2020.09.001
https://pubmed.ncbi.nlm.nih.gov/32950017/
https://doi.org/10.1016/j.apradiso.2008.02.089
https://pubmed.ncbi.nlm.nih.gov/18434173/
http://ijrr.com/article-1-290-en.html
https://doi.org/10.1088/0031-9155/49/1/002
https://doi.org/10.1088/0031-9155/49/1/002
https://pubmed.ncbi.nlm.nih.gov/14971770/
https://doi.org/10.1080/23080477.2016.1195609
https://doi.org/10.1080/23080477.2016.1195609
https://doi.org/10.1007/bf03178398
https://pubmed.ncbi.nlm.nih.gov/17260587/
https://doi.org/10.1118/1.598169
https://doi.org/10.1118/1.598169
https://pubmed.ncbi.nlm.nih.gov/9472821/
https://doi.org/10.1118/1.597750
https://pubmed.ncbi.nlm.nih.gov/8947901/
https://doi.org/10.1016/j.ejmp.2019.11.005
https://doi.org/10.1016/j.ejmp.2019.11.005
https://pubmed.ncbi.nlm.nih.gov/31731046/
https://doi.org/10.1016/j.semradonc.2014.02.008
https://doi.org/10.1016/j.semradonc.2014.02.008
https://pubmed.ncbi.nlm.nih.gov/24931092/
https://doi.org/10.1002/mp.14764
https://pubmed.ncbi.nlm.nih.gov/33577091/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc8251771/
https://doi.org/10.1118/1.595681
https://pubmed.ncbi.nlm.nih.gov/4046994/
https://doi.org/10.1118/1.597149
https://pubmed.ncbi.nlm.nih.gov/8413027/
https://doi.org/10.1088/0031-9155/46/5/401
https://pubmed.ncbi.nlm.nih.gov/11384072/
https://doi.org/10.1118/1.2011091
https://doi.org/10.1118/1.2011091
https://pubmed.ncbi.nlm.nih.gov/16475781/
https://doi.org/10.1002/mp.12413
https://doi.org/10.1002/mp.12413
https://pubmed.ncbi.nlm.nih.gov/28626920/
https://doi.org/10.13182/NT11-135
https://mcnp.lanl.gov/pdf_files/TechReport_2014_LANL_LA-UR-14-24680_Goorley.pdf
https://mcnp.lanl.gov/pdf_files/TechReport_2011_LANL_LA-UR-11-00872_Bull.pdf
https://iopscience.iop.org/article/10.1088/0004-6256/149/1/33
https://iopscience.iop.org/article/10.1088/0004-6256/149/1/33
https://doi.org/10.1016/j.radonc.2017.09.012
https://doi.org/10.1016/j.radonc.2017.09.012
https://pubmed.ncbi.nlm.nih.gov/28985954/
https://doi.org/10.1002/mp.12680
https://pubmed.ncbi.nlm.nih.gov/29156098/

