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Abstract S

This study aimed to investigate the effect of tissue- T
bone heterogeneity on the response of holographic
interferometric calorimeter system by using mod-
eling techniques. Interferometric calorimeters were
widely used in medical applications for measuring
temperature changes during thermal therapies.
However, the presence of tissue-bone heterogenei-
ty can affect the accuracy of these measurements.
In this study, a computational model was devel-
oped to simulate the response of interferometric
calorimeters in the presence of tissue-bone hetero-
geneity. The results show that tissue-bone hetero-
geneity can significantly affect the accuracy of
temperature measurements made by interferomet-
ric calorimeters. Therefore, this study highlights
the importance of considering tissue-bone hetero-
geneity when using interferometric calorimeters in
medical applications.
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1. Iso-Dose
2. Coherence
3. Fringe Pattern
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1. COMputational SOLutions (COMSOL)
2. Bragg-Peak



101 ys il (L5 33 Olpe p Ol el = 08Ny (Kanl yguam 1 gy 9331 (SO 031325 ox

ol S )b (isy g il odle ;3 4S5l e 3 JSd
oo 10 a8 4 (655 10 il c@iyo yiowslo 3x3x3 sl 4

) iland gl 5 wlio (sl ppunds g &S Jlos! 1 )]
03 &l (295 lgis 4

Ol gy a1 JuB dls o (29y8 (wled s (&
.35..\.71.0

Sl sl Pl ald (ol (250 )l Sl
9 b @i bl lyp cwl erige (lapiuw
odlatwl pme w0 Oyl il gl S
Sl Jd wgame sl Jdow o) )3 5 00
ovgy i ealatwl b ylys Jlaml ¥oles (o300 > Jols
d‘ﬂ Olﬁu" uﬁ)lp J.bo @b )‘l o dgione QLJ‘
OSen & (g glold b pluvw Sk (giloaiee
sevg (Senl S yite Jab byl ) £l bl el

SYslee Jles!
S S
Lo 6 e JE

033 x5 D) yl

Ay el

Ol Rl n >
Gl e

1 Jgas 3 silose p odliul 3590 dlge lasuiio
ol okl

Jde o aidy JlSa Lol dlge lastiie g U1 Jgus

k

> G (o (IS el
0/6 3900 1 MS20
00-95 1920 1/85 s
71/3 133 21/45 o

o381 b ey (9,88 60 (g5l b g 40k
by IS g Sl abaii sl (cly jreddie 2x2 lase
odlo o 1 (6 yiowilo 20 aAlold 5l o YL vy 5l olae
Sllne 5 caslio Sl Sl (gl 05 S Ol
as,S ey celo 72 1l gloy ccalio s bl 4
3 U 5 olgise |y s odle p (639y3 Slyd yoame .
sl 4 Cans 5N Vb JBe G 4 0)8 odalie
298 Bos b Sedl dwind jd odiad LSS dlge
Dgyse sl ol Jals ) @l 5l g ymeS
399N b g5 Cge o5 (295 (Sl s (o
i 40 6l 031> driwgd
2 P90 sileand (295 (Sl Jebos plnil gl
a5l el ealital b (oxiw B0 gl S B
S Cige (295 2l whyoSl sl i oS S dnangs
S9) » oSl (Sl SWolas 53,50 (63909 Ol )

s Jales Les -

6+ Ol 0333 e

S By e
sl ey Al
R
S AL Ol 3 5o e
i

Jie 4 bgyye Slowlre &jlagle 4 JSG



102

S

«dayg pSUN 180 B0 (959 4yl b (095 o (Ko ok (sl loj 35 53 005 Je yien JIS 5l (295 pglias .5 JSWS
Sl o gl sl 53 o Joleo b o o ioxin (J 9 9 3 e codd o e JIS opygd 3 o ol 315 oS (S w0 iz o]
(328boe cnglS ygmmilons b o (g pslial 5 (6)98 b (ygmmilon Cusly (9i0)

il oo gla ol a5 bod my505 .S o bl diges o
slS 0le g9 Glugm GWE JSery 00 ldle>
ol 3wl bpe (63,95 003 (555l 5 o3le oy
e s 2 (1) sy b g gyt J el 51 5o s

D =C(,, X AT (1)
ohy wlos C (s L IKQ) i 55D o
by @iy -l (K) o> sl AT 4 (IKgK) O3l
&yl sl gg 93wl dlge jd 3 lasuie Sl
ol 0as 48,5 \a5 10 dliwe opl 0 olle) 5 Cdjen

Gy e DMl oyl 55,8 eslitl A5l azsls
3y 08 ol 3)Skes 3500 yglaie & s ()b !
el (gl Al oo oS Canl 20038 138l 5 S JgualS
ol ()l Jlod abox I lagiluand I glod s
oo & ity gl (poyp lp adlas cpl > 253
olial ey ol Sl (o 31 () Sples e I
Eleslns gl g b Gl dlo po dus & bgrpe Clagls 03
ol 0ad 03> i 4 IS5 s
2 Sl S5A lye a ]y 0 5yl Sleps )
Iy bd @js Syl gipl ol )l38 o b 4y LAl 00ls



103 s il 5l 55 53 Ol O el = 5Dy Kl g 1w 1 9031 (GO 0313629 oxo ol

J
gy S 8e B0 (1559 4S5l b (23950 ot pKanls Jsho (sl (loj 135 )3 0ad e ey JI 51 293 ol 1 JSUS
bl o gl il 53 o Jolao b o ot izxin (J 9 9 0 e 0dd o e JIS opygd p3 okd ol 315 6o (S 0 oz o
(s pglS” gmilond b (g ol 5 (6595 b Ggmilond Canly (y50)

d
a—’; +V.(puw) =0 )

G52 e 53 (2) Woleo ¢ Jlw (s &ibeS15 28 L
Pediee Jodd sdm 92

ap Ju  Ju\
E+p(a+£)—0 (3)

Fiingo Pattem

S

2 8l b oo gl g5 Sl Jis
Jawse &) $in i il 86 end )5 Jhw B
brl SLLI dlon 4 cdjen S Jobo VL
Slop @ Joho 2 (25 gaw Colis 3 g 29d
£5 o Jisl 3o 5, o yed pp &y S
Jobw ol a3 &S cawl isley Syl Jsl pgn
o w).er‘i S aliuo » ng} OYolae ..)9.;;& .)l?v.il
Ugp oo udse daly pcd¥s pin ol doles .ol
[26] 5,1



cupe & Sl opl p3 BT nl e 900 Sl (658
Sy 3 Cul ﬁ 116 351 5 53y )l il
019 5 0/5 ol > sl )l Lty capss &5
Soglore 4 0% 5 Bl Sy 1l e
b 1 oo 0 &8 wmdpe &) eSSl Gloj 0 355
ol o ol loj gt 1 loj il 39900 5 oyl
Lo @ 1) 35 0950 3 0l Gl (Sl (5l e
ol @il sz loj HA5 Ll 03,5 Jatie Bl Ll
10 oloj 5o oS Wb by Bl Coows 4 gl
b g 3980 odalin 4l cpyp)S ©)go 4 (53 43U
@ Saal 4ol jl bS5l & 4t 100 s
e eadslh oloj > 1 ke B Jgbe VL
2 Jole 40 Canl adin pds P L Jole o abi
i) st 1006 1 laj )5 sl ol S it b
Jhw o 0 o (VL Cannd @ Joho S ) Gl
st 100 gloj 3 &8 wbe Jlisl Gils odle o
@ LS Sl g yglid 59,85 o & Jbw Jp )5 (A
Jate 3y 5 )5 0l glrale S Jsle (Vb Can
D9 s

R 93 3 > Fgn 4ok deb lise 1 S
Y e @ @y b ocwl saalis J6 Seal
2 g sl (5 Jol GiSu 53 (g n d98 e 5N,
5 055 yee olyal Sl oggn 4l Slygasl pise
D9 oo Lol il 5)lg daze

m T T T T
Sanl 1 > 45 -
D SSKonl > —1lsec
2 Sl il =
0 YLI - “§ |—— 100 sec| |
<
=
g
g
s
(<53
o
£
(<3
P o
294.
==

390 sliwly )3 53 Sl b jblize pled Wl 7 JSUS
(U5 390 o L) loj )35 > Seal Jsho

pPCy o+ pCu VT =V.(KVT)+Q  (4)

arog d Pl Cwl a8 96 (4) bl
obdlS Lasle I3 o oyls Jlisl ceju oS a0 0
JL.“) 639 u)ln)f Cp &S el wL.m u_o.m u.JLo.)
BB @l e Q 5 (gl Blle slod T e
[26] col

W
s b 5 GBIS o g 4 Sl ol
2 ONedl 5 Ked dwlin 8d glp 50 pr e sdisled
Jiar S gl s el 01 o3 ol B S
ol 436100 510 1 layloj (ol omiw S5-I

5 GBI )b Sl (Son dusin gl 5 S 5
oo ;0 gl P L Joleo &S g5y 5l 8L pled @l
o o3l L5 456 100 310 1 0 (elaloj (ol ol
asb sho log > Gl olod lbgry B S5 5
902)5 398 Jsho Bos @ (g p 4k &5 a3 (0 (LS
S diwder 5551 Jolo J)lsS 4 40y 0 L coled
e gl oloj 3 W)l e sl 4 dlais o o,
P Jolw Al Cwl didis gdo 2L Jolee &S dbad
&5l st 1006 1 cloj po el il S pnie Juad
b o & o VL Cand & Jobo iS5 5l
@il 100 olo; a8 Wb o Jsl Ol sl g
@ OBl Sy 6yglid sops w4 Jbw S s
Jao 3y g p,5 0,l5 glrale Sl 5 ol (YL o
Tl Sl oKanb aiin ol 6 S5 55 9500
i 32 b Joles & g5 §1 Lotb olod Sl g 81
ok as 100 310 1 0 (losle; (sl ol o3l 5o
loj 5 ll les bligy B US55 el oa o
2945 G & Oy Ak &5 w3 e LS 45l jho
S iy o i > b ol Sasl
s Slyinl G Gl Sgign o)L 5l i Jy
oo plad bl Caw & g o CBl Dylg duore g 03,8
@ i onl g sleole 3 29800 Sl (5 > &S
kS 5 55 e s 50,5 3 55 1 i Ko e
oboj 2 Syl Syide sladad 4 4l ol 5l LS



105

287 . . .
—— Sinple
6 —— Inhomogen| Aﬂ
T 285 RN
2
S a4
g ﬂ
£
<H)
F 23
= L
231 T T T T T T T
0 5 10 15 20 % 20
Depth(mm)

2 Cdl j0 ond Cla 5 e 40 eSKeal 111 UG
(S ) 81

e 3 e Seal jeas 5l 11 ISE

Olise 4 0ad Dbl sled WA Cuwl dgpuiie 8l 5o
@ 2 (1) daly 5l ookl b e ol g conl opols 072
b G e ghin 5l sl 9500 i (i 3
555 8 Sy 45,5 i > Sl oy e b b
JB (slaie o5 2950 s SokS OB b ply aige

ol dlas Mo
- T T
293160 Simple
—— Inhomogen|
293,158
<
£ 203156 7
2
©
[
8 o154
g7 1
()
2
293152
293,150
T T T T T T T
0 5 10 15 20 % 0

3l pd oad Gl 35 i 0 eSeal $1.12 JSS
(Kol Canly Canns) (3908 Las sl

@i 3 e > el jpdn il 12 IS s

Ol 4 0ad Dbl sled M L cuwl daguiio il

@ ;5 (1) dayly 5l oolil b Hlaio oyl g cal gls 0/02

Joleo Gy Jlade yolaio nl (sl D980 s (2> 5

50 45 Spdm 45 i 3 Sl oy ole)S ca o

B ()i o 350 5SS 0/08 Ll o
ol dan Mo

S g;él: L;'Iéti)} j} Q‘):AJJ d‘}"““‘"‘_gﬁm Gi.q.kb )}.é} JJ\ w)ﬁ:gg'ia}' 63'& ‘00‘}&".{(3 M}:&'

——0sec
2950 ——1sec
[—— 10 sec|
_ — 100
4
< 245
e ]
2
©
5]
Q
£ 2904 ]
’_

o s o Fn x5
Depth(mm)
88 sl 43 3o ol b bl oley ol yuss .8 JSWS
(USch 508 o 13) o 538 15 el oo
8l glily p> oles Jilbgyy ol s 8 IS 5 7 IS
3o gl 1) Senl Jobo 53 (53905 4

o T T T T
——0sec
Gl | R
— 10 sec|
207{[—— 100
%
£ A L a,b g8
% 206 ) Q A )Pme
2 (JSs D alasi) Jobo
F 25
o ]
1
1}
ml T T T T = T
0 5 10 15 2 x % 0
Depth(mm)

g0 sliwly 10 ol b bl oley s .9 JSWS

Ol 38 )3 Ked Johos
T T T T
29345 ——0sec
q ——1sec
20340 ——10sec
. — 100
3
T 23
=1
g
2 20
£ a
S
2
2325
2320
29315 T T —Z T LS T T
0 5 10 5 20 % 0
Depth(cm)

Gl by 3 55 Sl b jblie oled @lynss 10 IS0
(055D aa) ol 135 15 o0 oo



LA01 (e g 5l 12 by el ol euomy Jlo Sy ySlgy) aslladgs 106

slabs by )3 Jsho 93 12 (og0e 5 (B (sl
el g (Kaal Synde hab Cpslre )3 o g sble
oL gl 505 dulie ;0S5 b 5 0 ]Skl gl
078 sg00 j> (mdge 33 Slpuis Kol e a8 3l
DB ol sl cou &S WS e dbl (g 5eLS
] dlas Mo

ks Glon sbgr clpes ke
laseie wilgi o (P 35 6ples sl o JE
OOl 53 31Vl 2909 b (spgal 5 03 398 Bas
@il S ) ] osle ay Slegs s S gl end
oole 315 )3 0l i ool 50 b Lasities 005 3yl
8l polar e olad S8 wjad il gy
B polai b ams oo ol o B la ey JI 5
Jloxl 5 1y ol g 293 sl Slse 3 55 @i |
S B S (e g Sloydgin el sl

&b

by Lojdeste olew b dese el jooly S [1]
Gl (Sasgme 1 gwyp (1400) Lojeme sy
ke S gy 4 )pled (e I ey JI
13(2), pp. 75-80. Ky piSllsns) oade doliliadgs
doi: 10.30473/jphys.2021.57254.1099

[2] Andreo, P., Burns, D.T., Nahum, A.E.,
Seuntjens, J. and Attix, F.H., 2017.
Fundamentals of ionizing radiation do-
simetry. John Wiley & Sons.

[3] Smith-Bindman, R., Miglioretti, D.L.,
Johnson, E., Lee, C., Feigelson, H.S,,
Flynn, M., Greenlee, R.T., Kruger,
R.L., Hornbrook, M.C., Roblin, D. and
Solberg, L.I., 2012. Use of diagnostic
imaging studies and associated radia-
tion exposure for patients enrolled in
large integrated health care systems,
1996-2010. Jama, 307(22), pp.2400-
24009.

[4] Renaud, J., Palmans, H., Sarfehnia, A.
and Seuntjens, J., 2020. Absorbed dose
calorimetry. Physics in Medicine & Bi-
ology, 65(5), p.05TR0O2.

S 5 dom § Som

3 e el — N Keal Wb adlas ol

ol A8 yp Pl gian > Bl el )l

SIS (2w SIS a6 IS s S, 5l Geds

Lo plpgon ) won sy odd jle]s

sk 4 A Sl o (Kol 8l sl le

a8 ol )l puls b eolatwl 8L ) 5> 88> (glwdnd

@ pliwd Glp <8l GoSeal ulie (18)S i

e tusl mhee sl Sloyd (g ) dine Slop

26 8l g (8L 55 ol p ey JB gk 4

..))‘KL;Q

b Gilodnd (Seal 5 Sen e b Jsho 9

JSte pgd Joho 5 b Jobeo o3le 5| JStze gl Jsbo

Dy lggtiwl My Seal LS s cdl Jolee oolo

K0 60 igign 4ok b Gl cou sk 50 o

M5 st 20 ol 5 Yl o ) g 09

2 04D .)l?u] L;\>]-\J dme)Jo 4 Jo}:).o ).591..4.: ...\.».»3);

Cawd & OT 2 i bkl sles bligy 5 00l

b5 Bl 9 (B3I losSll 5 eyl Juml 31 sl

& kit dL‘”QL‘} LSI)’. RPRC O OL-J' UP9) )‘ odlasiwl

5 B slazb oS cwl S5 4 a5 el cun

i ) byl 51 ookl b sled (sla filag s

25 Oly s K0S 4 b LB Kbl

[5] Palmans, H., Thomas, R., Simon, M.,
Duane, S., Kacperek, A., DuSautoy, A.
and Verhaegen, F., 2004. A small-body
portable graphite calorimeter for do-
simetry in low-energy clinical proton
beams. Physics in Medicine & Biology,
49(16), p.3737.

[6] Ross, C.K. and Klassen, N.V., 1996.
Water calorimetry for radiation dosime-
try. Physics in Medicine & Biology,
41(1), p.1.

[7] Beigzadeh, A. M., MR Rashidian
Vaziri, and F. Ziaie. "Modelling of a
holographic interferometry based calo-
rimeter for radiation dosimetry." Nu-
clear Instruments and Methods in Phys-
ics Research Section A: Accelerators,

Spectrometers, Detectors and Associat-
ed Equipment 864 (2017): 40-49.



107 ys il (L5553 Ol O el = 5Dy Kl g 1w 19331 (GO 03136289 oxo ol

[8] Beigzadeh, A.M., Vaziri, M.R., Ziaie,
F. and Soltani, Z., 2018. Double-
exposure holographic interferometry
for radiation dosimetry: A new devel-
oped model. Radiation Measurements,
119, pp.132-139.

[9] Vaziri, Mohammad Reza Rashidian,
Amir Mohammad Beigzadeh, Farhood
Ziaie, and Mehrdad Yarahmadi. "Digi-
tal holographic interferometry for
measuring  the  absorbed  three-
dimensional dose distribution.” The Eu-
ropean Physical Journal Plus 135, no.
5 (2020): 436.

[1] Hussmann, E. K., and W. L.
McLaughlin. "Dose-distribution meas-
urement of high-intensity pulsed radia-
tion by means of holographic interfer-
ometry."” Radiation research 47.1
(1971): 1-14.

[2] Hussmann, E. K. "A holographic inter-
ferometer for measuring radiation ener-
gy deposition profiles in transparent
liquids.” Applied optics 10.1 (1971):
182-186.

[3] Miller, Arne, and William L.
McLaughlin. "Imaging and measuring
electron beam dose distributions using
holographic interferometry." Nuclear
Instruments and Methods 128.2 (1975):
337-346.

[4] Miller, Arne, and W. L. McLaughlin.
"Holographic measurements of elec-
tron-beam dose distributions around in-
homogeneities in water." Physics in
medicine and biology 21.2 (1976): 285.

[5] Cavan, A., & Meyer, J. Digital holo-
graphic interferometry: A novel optical
calorimetry technique for radiation do-
simetry. Medical Physics, 41(2)
(2014)., 022102.

[6] Flores-Martinez, E., Malin, M. J., &
DeWerd, L. A. Development and char-
acterization of an interferometer for
calorimeter-based absorbed dose to wa-
ter measurements in a medical linear
accelerator. Review of Scientific In-
struments, 87(11) (2016).

[7]1 Telford, T., Roberts, J., Moggré, A.,
Meyer, J., & Marsh, S. Noise Consider-
ations for Tomographic Reconstruction
of Single-Projection Digital Holograph-
ic Interferometry-Based Radiation Do-
simetry. Photonics, 10(2) (2023), 188.

[8] Beigzadeh, A. M., Vaziri, M. R. R, &
Ziaie, F. Application of double-
exposure digital holographic interfer-
ometry method for calculating the ab-
sorbed dose in poly (methyl methacry-
late) environment. Radiation Safety and
Measurement, 6(4) (2017), 51-61.

[9] Kreis, Thomas. "Holographic interfer-
ometry: principles and methods." Simu-
lation and Experiment in Laser Metrol-
ogy: Proceedings of the International
Symposium on Laser Applications in
Precision Measurements Held in Bala-
tonfired/Hungary. Vol. 2. 1996.

[10] Flores-Martinez, Everardo, et al.
"Challenges and opportunities in calo-
rimetry for clinical radiation dosime-
try." MEDICAL PHYSICS: Fourteenth
Mexican Symposium on Medical Phys-
ics. Vol. 1747. No. 1. AIP Publishing,
2016.

[11] Baskar, Rajamanickam, Jiawen Dai,
Nei Wenlong, Richard Yeo, and
Kheng-Wei Yeoh. "Biological response
of cancer cells to radiation treatment."”
Frontiers in molecular biosciences 1
(2014): 24.

[12] Helmstedter, Chris S., Mike Goebel,
Robert Zlotecki, and Mark T. Scar-
borough. "Pathologic fractures after
surgery and radiation for soft tissue tu-
mors." Clinical Orthopaedics and Re-
lated Research (1976-2007) 389
(2001): 165-172.

[13] Zieli, Tomasz G. "Introduction to the
finite element method.” (1992).

[14] Pelowitz, Denise B. "MCNPX user’s
manual version 2.5. 0." Los Alamos Na-
tional Laboratory 76 (2005).

[15] Matlab, Starting. "Matlab.” The
MathWorks, Natick, MA (2012).



A0 (s g el 12 by el oyl nomy Jlo Sy ySUlsnl aslilabys 108

[16] Dinesh Mayani, Devanshi. "Proton [18] Kurudirek, M., 2014. Effective atom-
therapy for cancer treatment.” Journal ic numbers of different types of materi-
of Oncology Pharmacy Practice 17, no. als for proton interaction in the energy
3(2011): 186-190. region 1 keV-10 GeV. Nuclear Instru-

[17] Paganetti, Harald. Proton beam ther- ments and Methods in Physics Research
apy. IOP Publishing, 2017. Section B: Beam Interactions with Ma-

terials and Atoms, 336, pp.130-134.

COPYRIGHTS
@ @ © 2022 by the authors Licensee PNU, Tehran, Iran This article is an open access
— article distributed under the terms and conditions of the Creative Commons Attribution

4 0 International (CC BY4 0) (http:/creativecommons org/licenses/by/4 0)




