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' Hyperelastic
" Reaction-diffusion
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' Gray matter

" White matter

" Cerebrospinal fluid
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" Deformation gradient tensor
¥ Strain energy density function
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' Second order Piola-Kirchhoff stress tensor
" Time-dependent

\f’f)Le)¢YA L_gtL».)O)Lo.uJ‘\ G)Lo.uJ‘YV °)5°‘Q‘)J|®&°L_§"JWLI“ \Y



©sb %A‘j@u)ﬁ,ﬁ SRV e 5w el oolazwl b (s 5xe (slayg0g5 oy RSN

oy Pyl jsbaie [Vl ol oS jie 5 pSokS VYO plp ond ad S Ly s I jhe <l sy
RGO P W 00)9] (Y) Jgd.} B aliano 3o oolazwl S0 Lsi"’lia 00‘9} 9 00g) (o> (551.4..3
d9azme ledl Jae jo oo 57 plral> 10551 Cany izmen g Glise slalinl) 1o 5095 0y (o) 1

dA 1
g
@~z R 0
au
g
—2 =F—1 (%)
0X

by Gl dolre cpl jo sl Glaize alize gboliwl) ;o ja0gs di, ol caims Lid (V0) doles
Ol sl oalts solaswl dloles cewly Coms 0 VY ©yo 5l ol Gliwl) 90 0 jaegr CleiSG b o, Slien
) sgegs Suilloger g 0d) SYolaa (y0g) oS o5 a0 5 Jlasth STy dlolae ;355 05 Juld abal,
Slaizes Xl jelaie il sgaome ylodl g, j0 o )5 ol asl> Ug 5l jelaie (V) dlolas (o 000 oyl
LS’LA'Q Slatew &‘Qbyl;‘..\] ML’LSA WK C.Masa).a.m.u ASM))}“JL» w..qug g 00g ‘saLa.‘B
30 a8 09 oo ol slalinl) o dlflas doles g0 Jolis 095 (VF) dlolas oy ool |Sid ddlie a
A0 oo aze S |y Ll g0y i3S sladdlie colys

Sy go a28,5 Jla500 3)ls 575 0,5 S (] 5550 50 4T e Sy D50 5058 (SilSog Joe avsia
ad Sl o CaSe | dmio S glamas (1,5 6,8 5l eolaiul b abgs e Slewlxe ralS jglaie 4
e alS dazmez 4y jie il e eyladl o aml 43 598 e ooliiul Jo 0 o a5 byl 5l g ead
S5 [TF] sy g0 8,5 155 )3 Teuls lradr (550 bt Altens cann iyt ol 53 1) 3l
Joae ;0 e aals @ (VF) dolee Jlael b oo oo lid 1) 330 C8L j0 jg0g (5.5 ,1,8 09 (V)
SYoles J> (gl 00,5 o0 Jo aliv il ool ools iulad (V) S0 10 S50 S, L aS  SlSog
ST SR CRUISPV-r V- P51 W RS VE PV-J PR N Cap YW v g PE=SOrR Y EX IR C RN N |
el ool 4185 5la3)s 5810 55 50 jees oy Sl ele 59, B sl 59, 5l d> Slej

el g s =Y

A0 @l ( Sellesn Jao Grizen 5 Lamik STy alsles sl ooliinl b jgegs o) (5L, Joe S L
Bl oo Ceds ol Cb g 55095 Al 0 IS @i g e slagley 10 SiRe Hge98

0975 3l edal oy JSb &y a5 b ates go s | Gilisie slagle o (S0 y9a95 9y 0950 (F) JSC5
o9 Cgliie a5 9,5 oo ploxnil (9010 58 5 (Real O j50a MelS’ jgag8 sy 45 ol aseiin j5053 03,
Ao co lid |y sae alides glacdl jo o) ol o

' Symmetry
" Fixed

'Y \\"*\")LQ;‘VA k_;!L».! O)Lo.&a\ O)Lo.:)aYV 0)5¢su‘flk_§¢4li¢ww:b).w



6ok el 5 Slo g Lo joame w3l Sl oslaiul b (s5ne sloygess o) (i

iz slacyle) 10 jgeg5 o) 09 —F S

pia ol S8l 53 958 53y plai =Y Jou

(ogshen) jg055 oy glas 39
\/aY 0
YIN# K
A% v
YIYO VO

3l dm Heesd Coluss (oo )85 O g0 4T Bad e LA LB lagle) jo Hees aly gled (V) oo

Dgd 0 &y yo o YVIVY ol e, VO Sl
P S GRS ke o ey eaiadplis S5 (pl a5 ead ooyl junle (ygd GRS e () JS& o
o )Ll e ol CBL L jseg5 (slojpe Jolad 4y godge (nl el jro @l CBL g 9098 rhaw G wled
OLad 1) jgeg5 adgl oy 51 59, A0 el 51 ey ol ooy Jna (598 Jolao (15l (8) S .0l

\\C'\C)LQJ‘VA @Luo)Lwa\ °)LQWJ‘YV 0)505Qlf|&u&aww:\.\)~u \f



©sb wljgu)@ SRV e 5w el oolazwl b (s 5xe (slayg0g5 oy RSN

b e 8l 4y Jlesl i ogam b aS conl JwbolS VIV ol i ol jlade o iion oo oo
3 e 038 G5 e e b pebed 25 e 4 4z b o s senlin Slgen [YA] jgegs w,
led 0l jlem e 4 6 p3lo e Glacawl Wlg oo oS 05h e L Sl e plle il

sy b e plle Cob a4 Jlasl e 98 AT jlade o pdey Dl jloged (F) JSO aslsl (o
A o sl |y SolSegn Jao Jo sboj oL 5l calizes

s3eg 38 5l (A sre plle ZBL 4y oud Sl G (58 25 (e Loy SBSTL Jlages (nl b Bllas
Selaser (g3l Jie 4zl 10 5 o plles Sl 00l sl () Sl £5090 (nl 45 Wl o 2al38)

Sile oo Hbled i 5l Gin 1) jge98 0,

Time=90 d Surface: von Mises stress (kPa)
mm T T T T T T

11 -

10

1 1 1 1 1 1

0 2 4 6 8 mm

s3eg by 3l eI 555 50 sges8 Bl Bl 40 junle g8 15 e —O S8

VO \f'f)l.ef‘\//\ @Luo)LowAa\ o)Lo...u‘TV 0)9~)LQ‘)J‘~S.J&A‘5~JW:U}«0



Sk el g (Slo o8 Lo joamme e Sl el ooliinl b s 5ae (slojgegs Ay (o i

3 vl
5 i
3 ..
il 'F 0
..
G S
SRV ar
! O
by -
LR = ..
=
| L
Y g B
1O an"
j . |m
L 1 | | 1
j Y. f' ?0 A’ \'0
59
Sloy b e Sl 55 s (98 Jolae (25 e o i Ol i loges —F S
I,
oo o .
: i — h "
g ¢ I .p_Q I o
7 | — |
1| ap=y ! .
| — | m
Llam .
‘%\ \ﬂ_ T o 4 .I
.3 ..
; E !
1 l. .l.
g & » gt
K nt o
[} L
al 1h
B al
' L gunt” LL
) - . ...... ...I.. .
:‘: n 8 ggunntt p |llll........
g l'||l.l"'..
= 2 T T T T T T T T T
IR T A O VO T Z VR
J9)
55095 Sobe 1S5 5 b e S8l 3 s (98 A I (i Ol Jloges =V S
VECF s YA ol oled ) o lad YV 050 eyl sl SilSlo pusiiigpo &y \$



©sb %Alj‘_éu)@é SRV e 5w el oolazwl b (s 5xe (slayg0g5 oy RSN

1Y VIYY

VY |
Ve \ VY

-IA

*
~—
>

1

-
—
i o ]

,/; _'/Y\c

Fo s s 9098 Al lads

)9
(o] Pilo;] bS5l eolainl b 509 0, (s80e (5l Joe (riwiono —A S0

ol aS amo e plas 1) LSS 5 5l ub laieds sl Cands s 98 S sla gmie (V) JSCE
7S T a3l S e sl e oo i i lle )0 253 ) j5es8 nlee )L, (S Ol s
EF O 4 bgpe (Jomie 09 o0 odmline 15 (S e Gl iS5 5 Gl L wesds (o)
5 9098 BlLbl il ar i col 5 Jlid @ ge05e (al oo o LaS |y 1 al ) p g e eSS
elad jlade (2Bl o boads &l Jow @las ol oyols lis gl ojle <Y o Py M
olad (A) s o (o] 275 o g og0me Ll (gilwand 5l odel ey Jlgte sla oy 40 9098

Sl 00 00l
Ol Elad 5 098 0 (2B opls So SE A L Shge he S8 50 a5 il sl (i jlel nl o
Bllae sl 0o aslio o] aBislej] polio b ol odel sy sgame ylell (g 5lwds awgs 45 o plo
soae Jan sVl 230 51 Sl 090 ol 45 s0d j2aS gmlis 1l oo NS g Aol o) 138 L azats o
V lade 5l 5, mepo il 5l ileand 5 (AalesT S o slas (M) JSb Billas ool jg0g5 0
&)l Jowo €80 cggog0 (pl sl a8l alS ¢ jg0e5 o) 5l 5, megd 9 a0 Ao Folade U oo

AR 0 uLMJJ @Pc\)‘) ULQ) wdfb)ycy o_,.,.,) LS“'“"‘J“""’)O 03y

S S Al g (g —F

G S0y g Liih STy S¥oles 5l oolaiwl b (5500 ja095 0y (S &l MUSGIM (3ubzs ol yo
S5 5l S ope b ol il aingn sladase Sl (6,5l OYolee i (SilSagu Jow

\V \f’*f’)l.ef‘\//\ LS‘L"‘ O)Lo.:)4\ O)LQ.Q:?JGYV 0)505O‘)J‘AS¢J&4‘5~JW:DJM



©sb Ayo‘j‘j'u)@é SRV e 5w el oolazwl b (s 5xe (slayg0g5 oy RSN

o 0aimd LS5 glacdl (rond g aliie dwsin iy a6l jre ) (aBly MRI pgad gas (o3l 5
95 8ly loools ulul pyaly 1o oo lo il )y (58,5050 b g pl5 )0 .28 )5 )I,8 oolatul 590
Sy olgds Gloj slaojl y0 a9 oy dwiin g (lpee lins )3 coslio adgl 5 (5500 Ll S Jloc]
Oy 9 Oloy CbdS 5o polie cpl Gialidl 5 Sl (SeilSag Jaw sl 0as aslne glo s el
Lo i ol @58 097 5 (oS polie el Gilbo s sla sl o jslome 50 She ol il 55 aibin 4,
2y lyee glytnl g aples Sae L SIS glagylo g2 b loys (6l (65 peenal sloan])8 5o
Bebod Gl 50 eads &l) gy (65555150 Ghlje 5l e (50 paal 4 5L gy elgSds Gl 50 jsegs
Loy e Hgmen alides gloyo o iy, Sl as ojlo |y el pl solpiiy Jow uzren .ol

2 S0 1) jees 0y p 1y iz Sleydgin

,_gﬂ}iul.;w 9 6.3‘.))45 -0
Sletin bog sl cne oKadls SGG pwaige caSidls Slawlxs o&:%uﬂ 3O Gt oyl
ke 550 QQL’éT o3l oglie g Ol 51 IS Jeb 1o .l ooy plail 4 e oS80 68l

&1y

[1] I. Ghoytasi, O. Bavi, M. R. Kaazempur Mofrad, and R. Naghdabadi, "An In-silico Study on
the Mechanical Behavior of Colorectal Cancer Cell Lines in the Micropipette Aspiration
Process,” Computers in Biology and Medicine, Vol. 178, pp. 108744, 2024/08/01/ 2024, doi:
https://doi.org/10.1016/j.compbiomed.2024.108744.

[2] J. A. Branco, J. R. Ferreira, and P. de Oliveira, "Mathematical Modeling of Efficient
Protocols to Control Glioma Growth," Mathematical Biosciences, Vol. 255, pp. 83-90, 2014,
doi: https://doi.org/10.1016/j.mbs.2014.07.002.

[3] V. Sasank, and S. Venkateswarlu, "An Automatic Tumour Growth Prediction Based
Segmentation using Full Resolution Convolutional Network for Brain Tumour,” Biomedical
Signal  Processing and  Control, Vol. 71, pp. 103090, 2022, doi:
https://doi.org/10.1016/j.bspc.2021.103090.

[4] M. Hosseininia, O. Bavi, M. H. Heydari, and D. Baleanu, "A New Application of Fractional
Derivatives for Predicting Human Glioblastoma Multiforme Tumor Growth,” Engineering
Analysis with Boundary Elements, Vol. 165, pp. 105776, 2024/08/01/ 2024, doi:
https://doi.org/10.1016/j.enganabound.2024.105776.

[5] O. Bavi, M. Hosseininia, M. Hajishamsaei, and M. Heydari, "Glioblastoma Multiforme
Growth Prediction using a Proliferation-invasion Model Based on Nonlinear Time-fractional
2D Diffusion Equation,” Chaos, Solitons & Fractals, Vol. 170, pp. 113393, 2023, doi:
https://doi.org/10.1016/j.chaos.2023.113393.

\f’f)Le)¢YA L_gtL».)O)Lo.u:‘\ G)Lo.uJ‘YV °)5°‘Q‘)J|®&°L5‘“WLI“O \A


https://doi.org/10.1016/j.compbiomed.2024.108744
https://doi.org/10.1016/j.mbs.2014.07.002
https://doi.org/10.1016/j.bspc.2021.103090
https://doi.org/10.1016/j.enganabound.2024.105776
https://doi.org/10.1016/j.chaos.2023.113393

©sb %A‘j@u)ﬁ,ﬁ SRV e 5w el oolazwl b (s 5xe (slayg0g5 oy RSN

[6] P. R. Jackson, J. Juliano, A. Hawkins-Daarud, R. C. Rockne, and K. R. Swanson, "Patient-
specific Mathematical Neuro-oncology: Using a Simple Proliferation and Invasion Tumor
Model to Inform Clinical Practice,” Bulletin of Mathematical Biology, Vol. 77, No. 5, pp. 846-
856, 2015/05/01 2015, doi: 10.1007/s11538-015-0067-7.

[7] A. Habibirad, O. Baghani, E. Hesameddini, M. H. Heydari, and H. Azin, "A Meshless
Method Based on the Modified Moving Kriging Interpolation for Numerical Solution of Space-
fractional Diffusion Equation,” Engineering Analysis with Boundary Elements, Vol. 163, pp.
1-11, 2024/06/01/ 2024, doi: https://doi.org/10.1016/j.enganabound.2024.02.011.

[8] O. Bavi, M. Hosseininia, and M. H. Heydari, "A Mathematical Model for Precise Predicting
Microbial Propagation Based on Solving Variable-order Fractional Diffusion Equation,”
Mathematical Methods in the Applied Sciences, Vol. 46, No. 16, pp. 17313-17327, 2023, doi:
https://doi.org/10.1002/mma.9501.

[9] C. Harkos, S. F. Svensson, K. E. Emblem, and T. Stylianopoulos, "Inducing Biomechanical
Heterogeneity in Brain Tumor Modeling by MR Elastography: Effects on Tumor Growth,
Vascular Density and Delivery of Therapeutics,” Cancers, Vol. 14, No. 4, p. 884, 2022, doi:
https://doi.org/10.3390/cancers14040884.

[10] S. Hervas-Raluy, D. Sainz-DeMena, M. J. Gomez-Benito, and J. M. Garcia-Aznar,
"Image-based Biomarkers for Engineering Neuroblastoma Patient-specific Computational
Models," Engineering with Computers, pp. 1-17, 2024, doi: https://doi.org/10.1007/s00366-
024-01964-6.

[11] G. Lucci, A. Agosti, P. Ciarletta, and C. Giverso, "Coupling Solid and Fluid Stresses with
Brain Tumour Growth and White Matter Tract Deformations in a Neuroimaging-informed
Model,” Biomechanics and Modeling in Mechanobiology, VVol. 21, No. 5, pp. 1483-1509, 2022,
doi: https://doi.org/10.1007/s10237-022-01602-4.

[12] M. Hajishamsaei, A. Pishevar, O. Bavi, and M. Soltani, "A Novel In-silico Platform for a
Fully Automatic Personalized Brain Tumor Growth," Magnetic Resonance Imaging, Vol. 68,
pp. 121-126, 2020, doi: https://doi.org/10.1016/].mri.2019.12.012.

[13] T. Yuan, W. Zhan, M. Terzano, G. A. Holzapfel, and D. Dini, "A Comprehensive Review
on Modeling Aspects of Infusion-based Drug Delivery in the Brain," Acta Biomaterialia, 2024,
doi: https://doi.org/10.1016/j.actbio.2024.07.015.

[14] M. Khafaji, M. Zamani, M. Golizadeh, and O. Bavi, "Inorganic Nanomaterials for
Chemo/Photothermal Therapy: A Promising Horizon on Effective Cancer Treatment,"
Biophysical Reviews, Vol. 11, No. 3, pp. 335-352, 2019/06/01 2019, doi:
https://doi.org/10.1007/s12551-019-00532-3.

[15] M. Khafaji, O. Bavi, and M. Zamani, "Gold-based Hybrid Nanostructures: More Than Just
a Pretty Face for Combinational Cancer Therapy,” Biophysical Reviews, Vol. 14, No. 1, pp.
317-326, 2022/02/01 2022, doi: https://doi.org/10.1007/s12551-021-00926-2.

[16] A. Dehghanian, and S. M. Hosseini Sarvari, "Reconstruction of Absorption and Scattering
Coefficients in a One-dimensional Parallel Plane Variable Index Media," Iranian Journal of

14 \\"*\")LQ;‘VA @LJO)LQ.Na\ O)LwﬂaYVO)jdsu‘)JlkS.ulicwW:b)w


https://doi.org/10.1016/j.enganabound.2024.02.011
https://doi.org/10.1002/mma.9501
https://doi.org/10.3390/cancers14040884
https://doi.org/10.1007/s00366-024-01964-6
https://doi.org/10.1007/s00366-024-01964-6
https://doi.org/10.1007/s10237-022-01602-4
https://doi.org/10.1016/j.mri.2019.12.012
https://doi.org/10.1016/j.actbio.2024.07.015
https://doi.org/10.1007/s12551-019-00532-3
https://doi.org/10.1007/s12551-021-00926-2

©sb %A‘j@u)ﬁ,ﬁ SRV e 5w el oolazwl b (s 5xe (slayg0g5 oy RSN

Science and Technology, Transactions of Mechanical Engineering, VVol. 47, No. 2, pp. 433-
452, 2023/06/01 2023, doi: https://doi.org/10.1007/s40997-022-00535-8.

[17] A. Dehghanian, and S. M. H. Sarvari, "Optical Tomography in Variable Index Media using
the Transient Discrete Transfer Method,"” Journal of Thermophysics and Heat Transfer, Vol.
37, No. 1, pp. 182-197, 2023, doi: https://doi.org/10.2514/1.T6592.

[18] A. Elazab, Q. Hu, F. Jia, and X. Zhang, "Content Based Modified Reaction-diffusion
Equation for Modeling Tumor Growth of Low Grade Glioma,” in 2014 Cairo International
Biomedical Engineering Conference (CIBEC), 11-13 December, 2014, pp. 107-110, IEEE,
Giza, Egypt, doi: https://doi.org/10.1109/CIBEC.2014.7020929.

[19] M. R. Ghahramani, and O. Bavi, "Heterogeneous Biomechanical/Mathematical Modeling
of Spatial Prediction of Glioblastoma Progression using Magnetic Resonance Imaging-based
Finite Element Method,"” Computer Methods and Programs in Biomedicine, Vol. 257, pp.
108441, 2024, doi: https://doi.org/10.1016/j.cmpb.2024.108441.

[20] J. Yuan, L. Liu, and Q. Hu, "Mathematical Modeling of Brain Glioma Growth using
Modified Reaction—diffusion Equation on Brain MR Images,” Computers in Biology and
Medicine, Vol. 43, No. 12, pp. 2007-2013, 2013, doi:
https://doi.org/10.1016/j.compbiomed.2013.09.023.

[21] E. Ozugurlu, "A Note on the Numerical Approach for the Reaction—diffusion Problem to
Model the Density of the Tumor Growth Dynamics,” Computers & Mathematics with
Applications, Vol. 69, No. 12, pp. 1504-1517, 2015, doi:
https://doi.org/10.1016/j.camwa.2015.04.018.

[22] R. Jaroudi, F. Astrém, B. T. Johansson, and G. Baravdish, "Numerical Simulations in 3-
Dimensions of Reaction—diffusion Models for Brain Tumor Growth," International Journal of
Computer  Mathematics, Vol. 97, No. 6, pp. 1151-1169, 2020, doi:
https://doi.org/10.1080/00207160.2019.1613526.

[23] E. M. Rutter, T. L. Stepien, B. J. Anderies, J. D. Plasencia, E. C. Woolf, A. C. Scheck,
Gregory H. Turner, Qingwei Liu, David Frakes, Vikram Kodibagkar, Yang Kuang, Mark C.
Preul & Eric J. Kostelich "Mathematical Analysis of Glioma Growth in a Murine Model,"
Scientific Reports, Vol. 7, No. 1, p. 2508, 2017, doi: https://doi.org/10.1038/s41598-017-
02462-0.

[24] A. Jafariandehkordi, and A. Daneshmehr, "A Biomechanical Simulation of the Brain
Glioma Growth Considering the Effects of Oxygen Bunsen Solubility Coefficient,” Mechanics
Research Communications, Vol. 106, pp. 103539, 2020, doi:
https://doi.org/10.1016/j.mechrescom.2020.103539.

[25] Y. Peng, S. Li, Y. Zhuang, X. Liu, L. Wu, H. Gong, D. Liu, and F. Zhou, "Density
Abnormalities in Normal-appearing Gray Matter in the Middle-aged Brain with White Matter
Hyperintense Lesions: A DARTEL-enhanced Voxel-based Morphometry Study," Clinical
Interventions in Aging, pp. 615-622, 2016, doi: https://doi.org/10.2147/CIA.S98409.

[26] N. J. Bennion, S. Zappala, M. Potts, M. Woolley, D. Marshall, and S. L. Evans, "In Vivo
Measurement of Human Brain Material Properties under Quasi-static Loading," Journal of the

\f’f)Le).¢vA L_g‘L“"°)L°"’°‘\ G)Lo..f;‘YV °)5°‘Q‘)J|®&°L5‘“WLI“O Y‘


https://doi.org/10.1007/s40997-022-00535-8
https://doi.org/10.2514/1.T6592
https://doi.org/10.1109/CIBEC.2014.7020929
https://doi.org/10.1016/j.cmpb.2024.108441
https://doi.org/10.1016/j.compbiomed.2013.09.023
https://doi.org/10.1016/j.camwa.2015.04.018
https://doi.org/10.1080/00207160.2019.1613526
https://doi.org/10.1038/s41598-017-02462-0
https://doi.org/10.1038/s41598-017-02462-0
https://doi.org/10.1016/j.mechrescom.2020.103539
https://doi.org/10.2147/CIA.S98409

©sb %Alj‘_,’;u)e‘é SRV e 5w el oolazwl b (s 5xe (slayg0g5 oy RSN

Royal Society Interface, Vol. 19, No. 197, p. 20220557, 2022, doi:
https://doi.org/10.1098/rsif.2022.0557.

[27] X. Jin, F. Zhu, H. Mao, M. Shen, and K. H. Yang, "A Comprehensive Experimental Study
on Material Properties of Human Brain Tissue,"” Journal of Biomechanics, Vol. 46, No. 16, pp.
2795-2801, 2013, doi: https://doi.org/10.1016/j.jbiomech.2013.09.001.

[28] T. Stylianopoulos, J. D. Martin, M. Snuderl, F. Mpekris, S. R. Jain, and R. K. Jain,
"Coevolution of Solid Stress and Interstitial Fluid Pressure in Tumors During Progression:
Implications for Vascular Collapse,”" Cancer Research, Vol. 73, No. 13, pp. 3833-3841, 2013,
doi: https://doi.org/10.1158/0008-5472.CAN-12-4521.

AR \\c’\r’)l.ef‘\//\ k_gtL».lO)Lo.wa\ O)Loa»‘YVo)jésO‘)JlkS.uliQwW:b)w


https://doi.org/10.1098/rsif.2022.0557
https://doi.org/10.1016/j.jbiomech.2013.09.001
https://doi.org/10.1158/0008-5472.CAN-12-4521

9l dsl g Slod Lo joame v Sl e ookl b (s50 sl yg0e5 0y (Sl sion

Optimization Predicting Brain Tumor Growth using a Combinational
Biomechanics/Mathematical Model

Mohammadreza Ghahramani
M.Sc. Student, Department of Mechanical Engineering, Shiraz University of Technology, Shiraz,
Iran
mo.ghahramani@sutech.ac.ir

“Corresponding author: Omid Bavi
Associate Professor, Department of Mechanical Engineering, Shiraz University of Technology,
Shiraz, Iran
o0.bavi@sutech.ac.ir

Abstract

Brain tumors are one of the most common causes of death in humans, and many efforts have
been made to predict tumor growth over time accurately. In this research, with the help of a
mathematical-biomechanics combined model, reaction-diffusion equations and structural
equations of mechanics of continuous environment are solved with the help of the finite element
method, and tumor growth is simulated in different time intervals considering real brain tissue.
Using the image processing technique, the real MR image of the brain was used to define the
geometry of the problem and determine the brain domain. In the next step, by considering the
effective parameters in growth based on real data and applying the appropriate initial and
boundary conditions in the problem, the amount and geometry of tumor growth were obtained
in the desired time intervals. Then, the analysis of stresses caused by tumor growth and their
role in damaging healthy cells has been investigated. Comparison of simulation results with
experimental results indicates the accuracy of the present model in predicting the growth of
invasive cells.

Keywords: Brain tumor, Glioblastoma, Tumor growth models, Biomechanical modeling,
Reaction-diffusion equation

\f’f)Le)¢YA L_g‘L“’°)L°"’°‘\ O)Lo.uJ‘YV 0)505Q‘f|®&aww<‘\)}w YY



