NY-1N AV 50l g bl (Y-F o Lol (VA 0,90/ (Fgil8 Sy oode alxo

s 9 53

39 3985w g 5T 4 Wino g pIliv 339 35 39 35 (Sl Dluo g duylio
! 3 ous W1 slddi g0

)xro _ weer 238 gle:;}:re_*** “z';v\gg-? ‘Sm)‘fe—**éw M"ﬁrb—*gsﬁi)r l'b)gshixra
**%**‘s""»u\rw)&

sl Saian 5 ale o€l (Sla prusige (5l S (s patils #

(ee)dl s (S hy ale olKmsls Hludily s

Ol caiis 5 ale sla3 (Kol puiigs suSiily Hludily s

Gool sy 5 SuBS petige (oo olSika o5 «midly (uudig Ll HLolical s
ol (Sih olidas Ko guine (S0l (S Gacadio smwnn

B 3gd e L;;,w\ﬂ)aé)\wéwu_ﬁmau,ﬁ«sw\us,,”@_xz6\“6)\%@;@uw;\;)%ﬁ\j;’\u.\_ﬁ,w3
k_sﬁgu)\.)\_\\\)é)\.afd\h%jé\mé}f&f\iﬁ@\%j&é)w&wﬁa&h);\a)%\h@\ah&%ﬂ\}@\hﬂ
N e raman AL o Ol ad s Db 4 s W 500 D s S Bl 5 OV o pigad e Jesd (500 Mol S S S5 S s
6\]\Lg\_‘\m\}—jﬁ)\bwgduand\)}ajy\&m.LL\.\J&JS—&S )\Jw?}?b)}&ﬁfﬁ@&\}@&\&jm
TR W Py B B AV PV VI WW LU ) SOV L A SR U V| P W PP LI P J':;)\-ﬁ )\A.:.tjvl\.ﬂ Gl sad N Ko a
d\}))df}ﬁéjf&gy@\gﬂé\ﬁbj\ﬁzkéjfCf)}\a)ﬂ‘\@}iﬁé\hdﬁibﬁw‘\}ﬁ\{uQw\eﬁ&w“\)\))..\ﬁ)o\_ﬁ\_ﬂ
..}.}; w)ﬁ)\-ﬁ-:—\.jvs\M

a ekl 3L & 503 VF 5 55 ISy 5l asVes Bg e A s S N A e 23N G558 B N SHTY (s p ke 4 Sy
B3 83 all e (SesenS o b J5ES (6508 5 3 S 3 naS o s 53 S Wsed NS gaeas Wl 35,0 Ulge
2038 s Ve s g Al ) gl el ) Sl -5 0 s

JARGANE-EJ-KCRN W R R EIW SN WU Wip- PV VU ASERVHEL VA o fl IS REN-S WIS PR W
N & s s &\3L;%\jb\s&t:.»\l\dju\ﬁé;i\»3A;}xh’sﬁz\bQﬁw\b)z.:\zo\.ﬁ@béu«;}@\{w\bﬁ&_ﬁi
o S sdalie Y/AN 5 YOV

S SN e ol gy 5 S5 (Sl oy it ool Bl 5 IS 5T (s 53 B 53 0 B3 S 1g S s
el s 355 53 G il Gadon 53 N5 0 355 SO Lol s iy fpioman 3535\ 3005 Booe aly Sy S Lid
..xi\.“;‘_;,ijzgaé)w\ﬁ;§)\J__¢.;\J_.\;\jsdﬂs.x>5\&J@uéuﬁJw\j\\n;\“&@u\)&ﬂ\ﬁ;m\{
S J e (30 S— 5 s ged ( S ol (555 S By st S D8

WAY/YYY callio Aol WONY/E dlie Jgog
mnavid@iust.ac.ir AFAFY (Gl 0.8l )yl Caiis g ple oKl )l 5 1955l ol g3



Sluzr! 3l ouid G5 (slaaigai ;0 59 l5unly 5T 4 Mino 3 Wl 33,5 958 (SilSn o guas s i

¥

YY) oyls bl gl (Sl

Sl s el Ly alaly jo a5 obj slagew) 2 059,
3253 (o ol @ 5L (YY) 3,5 o 590 395 50 Loag)]
3955 (nl (Sl (2193 el )5 6 595 B9
V) 4l 5 s Wl oo

Sl ol b aba, o SeMb] ags caslllas oyl jl Cban
4>l 4y byrye Jsl 4l sl ] 25 5l 99 30 5535, 395
el (5 25l jLid 4l a by o ipgo 4l g (So3els b s
O S - i 510508 (6 il ok 4 bl (g S o il g
Ses e SVl Jgoe 9 95 5 o0 gl Fi] (iS5l J8
zlpeeol .l A =VY e mmHg o Lid gl)ls a5 gla_>0 5
&>l9 onl 5l el gyl SVl gla Jgoe (i Silie 05,5 oo
9 & slow Sl 31 g 00l duslas Student’s t—test g, 3 ool awl b

Lol 0303 5 sy 2 (6595 B9y (B 5 (o il
eI ¥ 9D

B9 oIS 9 gl oadal Jal e

Dyliie i b 030 YVl 85 e )0 (6,55,5 B9
4 el bl il Ggse (0,5 Sby 5l o s S gl Sl
S Sleogaz 59) » e 5 olod SIS ralS 5 laze
O o9 (NaCL 7+ 12) Gl 3l Slind 5o Cae p | oyl 39 5
55k 4 00 gl il 39, Jsb mols 1,8 COF-v 1 Lo o
9 2 Slesl 5 oy p (mizme 02 yia die ¥ PO o b gt
3,90 Sl (Sop olojle O aeS baug Sl sloadigas
285 8 ant

(S90S RS cud 9 plule ] Gl
L 335 45 & 0T s 5 o fse0 adly] Cualins o5, o 5 s
o 5 o 50 (B eSS VY ()00 pedkd o y90 5l oolail
Sllllas ;o Giulesl dolye g olBiws 7,8 0 b (6,505l il

(YF YO) canloasn 3 53 fade job 4y L3
S yg0 (YYO C) 00 dugs Jaummo slos jo Lo jiolos] ol
G570 ST S Sl ol 3l oolatnl b i i8S cus 8,8
oS o 0 S ) digad ) S j0 .28 )5 aloeil ool a g

Ll 00l ooly yLis

Sylel 3aIlT
1yl Glro Bzl & . le) & gm0 a4y axlllas ol jo 7ol
Student’s t—test g, uSoboo yolie cpo duslie gl .l 00l
Oloie 4500l (5,155 (p value<0.05) polie oolod il 00y ;LS
Gobol Dlawlors (colod caiads (3,155 laedsl LB &0 4y olde

%3

400

S o 3o &5 el (nls (Bgye s )lorm £55 S 9l 51
OB S w08 5l s lo (nl izred 958 o0 Sl ) 0)l90 4o
3288 2 4 ;50 () V) 09 e 00,08 (sl Ol psee
Ol S 50 5 (1) 0o muded 5 01900 09 o0 JSi5 390
895 S (Sl oy 5 s a1 e Wlgicn Ceolind il
D9 on (B9)S )3 yurks W95 90 &y yamie (S Sl 50 g, ASCly 5]
S99 245 39,8 0)lmd (T WIS (5,503 5 Sl ;S
(F) 0,18 o 5 onabs ,3, 45 cazrgs B il Sl e oy

B9y 3 oo daldl Gg,e 10 35 ;4 S a5 Sl Ll
il g (0 F) 0S (oo lowig yiy (OB S & 89,5 (5 59,5
B slags e onamsplis 5 Jole S ploie 4 B8 (S oS
235 U5 iz 59,8y 5TV A) 00,5 o z5kas B9y
4 Glgiasd xebs o 511, T aS 8l 1, 8 wain ole 5
FSis Jobo jo job ued () 0S oo Ju plaiel glawain
Plo> S8l 53 o Bl izmen 5 (5 539,5 B9 5 S
P15 50 il i 50 § A5 i il e o] 3950 (SIS
St 3l (nl 2 lizee a2l ) 058 ol Wil e (SIS
3oL Gad gez p 1P L S ) (B IR Jele 45
ON) csl Bgye 0)lg0 )0 cra¥l (28

Plor merd &5 S8 F A g 00l SO OIS 4 e L
5 W09 sl Ailgi s 59 ,lg 5T Ay Mis 39,0 (SlSe 5B
led ateie (6 ko ol bakaly o 1) g0l ; GlSS g wily (g0,
S9lite slagby,; (Sl Sluogas ool et jslaie 4 LI (1Y)
S (WY AY) jlad— L ad 3, alex 5l oo g, 0 10 052
5 (VF) Sgul gl (5)loppgad (g, (V0) (559700 93 5 ST it
9 333 slaghs; ade 5| (Sea (V) 0l > (29e Se s 9
J e w008 e )))8 eolaiul 5 g0 4 wiiws gloads aid pdy
clie B9y Olie 4 (659700 ST S S gyl asdllas
O U S cl anils bl Kl puomen .85 )18 solaiul 0,5
Pls> et b alal )0 (relr adlllas 5 alne 43S g 59,
45k b cnlpls ol a8 55 alonil sl (639,57 39,0 (S5
G905 ol Sele Slposas g5, 2 Gialejl sl (6 5m ol
(YY) oylo

yaadllas 04 aS L Lo jg 0l an b as wilosls i ol s b
S92 90 (Sille SLNLI soles 5 puind axlso (Ll B9 (59,
Ol Al OA-Y ) Conl Sllg 39,0 4 g pe 5539,5 B9re S
S5y p aelllne 514 2l 5 Lo el oS 0T e S 4 guily o9
wld g il glesel LB guls aulys oo gl oo (5,15 Ulse>
drwgi b o 4y anil ails o )15 avglae plie jo aulgn Lo ad
Sloogas 535 polie 4 pree 53 (SlS 9 (Slojs slab,

AN 5wl 5 Olewl Y=Y sslad VA a9/ 50 (S pale alae



N

OlySe g (01 )5 L) le 50

SeiS Jgb 55 B) 5 i8S 51 J3(A) 5555 Sus -\ [

adloas sals oles el 43,5 bl SPSS 153 45 L
;_i))j.‘}:)..ﬁ ;LM_..AH de.._.n 6‘)‘0 ijw dj)—" J.ALMJ 05)_5
o5 ¥l Jsoe 5 Glono Gl ol £ o, Siloe) 1.48+0.86 Mpa el

SVl Jgoro gs Lot 3 ol 09,5 .ol 1.5521.24 Mpa

4.53£1.19 Sl SVl oo g 3772112 MpacSiglan i ¥ 9 ) sla Jguz [0 bdiged (pu (23,5 g i ok iSTas
CwolMpa ) S 0 iS50 g e (39, Aged (Sl 0ald 5155

S5 fages ST ot b ol ) 25T Sm¥ g

Skl Jgo o8 I 0 00 gl (S8 SIS GBS 5y 0 o)y NS 5 5SS alie e ) gl

238 ol Ao VY- mmHg [Lid gl )ls axb 5l So5elgn 508 V)\“ SF9S

290 dalna (59,5 B9 e o 1y (bl =g Jlog—ed

90,8 ey el 0l ooly HLad VS 0 aST (g loges oS S (Mpa) s sl o
3 3358 5 b Lnbiges Job e s b ata 5o - s ™
<IY0 VNN YA
Sup Sl NS 5 S S palie (e - Y dsder MY V. v
Lo (5 5
I df3js .0 .Iva Y.
oS e (Mpa) s sl o VA ¥/-A ¥
A VAN oy oI5 /o) ¥y
,/\f-, Y/'\ I '/;' Y/Yli Y
'/AO ‘”/Y. Yo
AN AN A
I¥Y VY. Yo
-I¥Y V¥R sV
RARY <[OA Yv
e S 54
Iy AN 174
-\a VAN v\ o5 A A
o[Fe VEN Yo Yy VY'Y ¥4
I ¥y A- /YA /v b

¥ x
SO/8- VY YAV £ oA

. + . ANE . . . . . 5 3 LE
AT YA L NS (e iyl £ 5 ISR VIFY & /A Jl ;ul(i Sola)
Ao

ATAY Sl 5 ol Y-F o5l VA 550/ Sl (S dy pale alas



Sluzr! 3l ouid G5 (slaaigai ;0 59 l5unly 5T 4 Mino 3 Wl 33,5 958 (SilSn o guas s i

\Al4

iy Cewloud plonl Sllsem 59, = 455955 B9r° 95 2
i Sl g 00,5 18, |, IS is oyl Wl ooyl anlllas
w00 &bl 65955 B9ye Sl oly> Laka o
5 ko 4 35,1500l 5T 4y S 33, 45 ol Lt b
Gl YIOY (ol 5l (S jlen 5 ol 3958 (e S5gls 528
S 392 Gre G 2l Jaoe dulite izren 31 (S
arals ol adllas o . ils ihe ol VAN il
stz JB ool (alejl 0550 59,8 ol (352 o Sl
az S1azd odmlive cpw (l38 L alayl; jo 9,0 it
el gl oo oamlie cp Lial38l L 13,8 - 55 Jlaged jo wjls
ilsl asess ;0 ailes oo ey ial38l 51 U SBew i 58l
Y+ il 39,2 0,le0 oole yo ¥l als 5 o 5US o
il e (V1) axlllae b Lol 3ollas o peimas anlllas gl sl
Sz 5 o &2 4255 L 55555 39,5 SelSe ol ] 0 a5
G o,S oolaiwl ol ST 51 (YY) Jliden .l oals yuss
5 oains eSts Sgline slaay o 1, o] L Silse oly >
2 e Jole S plsie a4 35, (S olsS ks
44255 b (SBopem b panns (Ple3 53 st (owyn g e
5 e 3oL Jold G901z 50 anlllae nl j3 00 i
Sedse Sl piam 9 (Eohas 39,0 (b Grizres il
29 RIS 4 60l 5 (Kialy (28l (pwige )3 B8 SiS
(YY) o)ls 3o, Sl

S g5 4ol § Ao

1y 5595 Gt SelSn ol bl s alln o

Dol izrad Lo wylad zly5inl (55900 SO piS sl ool
ot o 5 o0l 55 s S Sl o | S ol
ke 5515l 5T s )lmans 55 3958 5o 00 S5 Sy 00,5
O Sl Jyse ol ke a5 5, oS ol s Ll
S35 2 k= F R 5 pten Sl Sl Wl oo (3 055 e
Bl 5wl il (55 Gl e pl 0 I lanie 0S5 >
Plg> il (rizan 0 )51 015 39,0 4T, el sloylid ]
Lol 39,2 0 IS caiul glacoy ;o Wl o B9, (Sl
GIa,,m Lngu':..;s Jlesl Il a)'L.:u’_.o él.lml) Sy 153 ail Coonl
iled (6 S gl 958 5 05l500 (Sl el wlgi g0 a5 0> I i

Force-Displacement Diagram for Healthy Coronary Arteries

7
Displacement (mm)
Force-Displacement Diagram for Atherosclerotic Coronary Arteries
20r
18- B
16
0 L J
0 0.5 1 15 3 35 4 45 5

2 2.5
Displacement (mm)

Bo5 (A) )5 alowl — 5,8 s el sdaplis - X Js—s

et 5555 S92 B) 5 W 5558

505 (S pdadb i) (155 Sl Gl syl 59, ASuly 5T
O 2y J—B ol p Il clls 4 c s 7Y P/
3,5 0,8l s o a8 Jlows 5 Wl Sl )0 (5 535,5 B9 (S
sl o0y DS ay 53 035,15 59,8 b aball,y jo (hdioxd oo 4y
S8 (65 iiS Cod olo adlllas o a5 ladiged (YF)
o0 Egoge Cpl aldlaS Wols lis e ;8 (o)L, Nenoid 3

(Y YA) aib o polo 5 Gooas 5l olis

1)
”

Sloogas asllas gl (olio slasby, (SRS slacens

oS 351 ] pol> aalllas 3 Gua (VR) el p s slacily SolSo
59ASls 5T (5 o g pbo S 3 (55955 3958 o SLomglis
S35 2 O OB S Geizren 00,5 il (Sl oLS s
Jooe ©)90 400l 4l S 05 J15 (w2 350 ladiges (e
L e 4005 Al ol s Suisle s amligo j0 5 Sl
Slallls olas Jlo 4 5 sl (55, 2 dnlllae speaS lebl 4 g5

AN 5wl 5 Olewl Y=Y sslad VA a9/ 50 (S pale alae



WY oKe g o0s 55 Loy oo 50

J&Iﬁﬁxﬁﬁ (9 6&0)))[5 J.J‘ysn axllas U“‘ )0 IR 45‘)‘ C.)Lu )9_190,“&

oaSiils 2 ilesl 5 (Jlo slacsles I gl 8 S 25, Sla g, drwgs uismen g (SS9 (Sleyo Sla by Axwgi )0

SPE Sy Glojle rizmen 5 lnl Cato 5 ple olKasls Sl il adls (5539,8 Ggye b abaly jo Sl iy
A gad s ISl plo] o] SaS g aS ,giS

References

1- Teng Z, Tang D, Zheng J, Woodard PK, Hoffman
AH. An experimental study on the ultimate
strength of the adventitia and media of human
atherosclerotic carotid arteries in circumferential
and axial directions. J Biomech. 2009; 42 (15):
2535-9.

2- Pericevic I, Lally C, Toner D, Kelly DJ. The
influence of plaque composition on underlying
arterial wall stress during stent expansion: the
case for lesion-specific stents. Med Eng Phys.
2009; 31(4): 428-33.

3- Speelman L, Akyildiz AC, den Adel B, Wentzel
JJ, van der Steen AFW, Virmani R, et al. Initial
stress in biomechanical models of atherosclerotic
plaques. Journal of Biomechanics. 2011; 44(13):
2376-82.

4- Shoji T, Maekawa K, Emoto M, Okuno S,
Yamakawa T, Ishimura E, et al. Arterial stiffness
predicts cardiovascular death independent of
arterial thickness in a cohort of hemodialysis
patients. Atherosclerosis. 2010; 210(1): 145-9.

5- Claridge MW, Bate GR, Hoskins PR, Adam
DJ, Bradbury AW, Wilmink AB. Measurement
of arterial stiffness in subjects with vascular
disease: Are vessel wall changes more sensitive
than increase in intima—media thickness?
Atherosclerosis. 2009; 205 (2): 477-80.

6- Chatzizisis YS, Giannoglou GD. Coronary
hemodynamics and atherosclerotic wall stiffness:
A vicious cycle. Medical Hypotheses. 2007;
69(2): 349-55.

7- Khamdaeng T, Luo J, Vappou J, Terdtoon P,
Konofagou EE. Arterial stiffness identification of
the human carotid artery using the stress—strain
relationship in vivo. Ultrasonics. 2012; 52(3):
402-11.

8- Tsuchikura S, Shoji T, Kimoto E, Shinohara K,
Hatsuda S, Koyama H, et al. Central versus
peripheral arterial stiffness in association with

ATAY Sl 5 ol Y-F o5l VA 550/ Sl (S dy pale alas

coronary, cerebral and peripheral arterial disease.
Atherosclerosis. 2010; 211(2): 480-5.

9- Nagaraj A, Kim H, Hamilton AJ, Mun J-H,
Smulevitz B, Kane BJ, et al. Porcine carotid
arterial material property alterations with induced
atheroma: an in vivo study. Medical Engineering
& Physics. 2005; 27(2): 147-56.

10- Dalager S, Falk E, Kristensen 1B, Paaske WP.
Plaque in superficial femoral arteries indicates
generalized atherosclerosis and vulnerability
to coronary death: An autopsy study. Journal of
Vascular Surgery. 2008; 47(2): 296-302.

11- Sommer G, Holzapfel GA. 3D constitutive
modeling of the biaxial mechanical response of
intact and layer-dissected human carotid arteries.
Journal of the Mechanical Behavior of Biomedical
Materials. 2012; 5(1): 116-28.

12- Avril S, Badel P, Duprey A. Anisotropic and
hyperelastic identification of in vitro human
arteries from full-field optical measurements.
Journal of Biomechanics. 2010; 43(15): 2978-85.

13- Zhao SZ, Xu XY, Hughes AD, Thom SA,
Stanton AV, Ariff B, et al. Blood flow and vessel
mechanics in a physiologically realistic model of
a human carotid arterial bifurcation. J Biomech.
2000; 3(8): 975-84 .

14- Duprey A, Khanafer K, Schlicht M, Avril S,
Williams D, Berguer R. In Vitro Characterisation
of Physiological and Maximum Elastic Modulus
of Ascending Thoracic Aortic Aneurysms Using
Uniaxial Tensile Testing. European Journal of
Vascular and Endovascular Surgery. 2010; 39 (6):
700-7.

15- Sokolis DP, Boudoulas H, Karayannacos PE.
Assessment of the aortic stress—strain relation in
uniaxial tension. Journal of Biomechanics. 2002:
35(9): 1213-23.

16- Shaw JA, Kingwell BA, Walton AS, Cameron



Sluzr! 3l ouid G5 (slaaigai ;5 59 l5unly 5T 4 Mino 5 Wl 53,5 3958 (SilSn o guas s i

NA

JD, Pillay P, Gatzka CD, et al. Determinants of
coronary artery compliance in subjects with and
without angiographic coronary artery disease.
Journal of the American College of Cardiology.
2002; 39(10): 1637-43.

17- Imoto K, Hiro T, Fujii T, Murashige A, Fukumoto
Y, Hashimoto G, et al. Longitudinal Structural
Determinants  of  Atherosclerotic ~ Plaque
Vulnerability: A Computational Analysis of Stress
Distribution Using Vessel Models and Three-
Dimensional Intravascular Ultrasound Imaging.
Journal of the American College of Cardiology.
2005; 46(8): 1507-15.

18- Garcia A, Pefia E, Laborda A, Lostalé F, De
Gregorio MA, Doblaré M, et al. Experimental
study and constitutive modelling of the passive
mechanical properties of the porcine carotid
artery and its relation to histological analysis:
Implications in animal cardiovascular device
trials. Medical Engineering & Physics. 2011;
33(6): 665-76.

19- Lillie MA, Shadwick RE, Gosline JM. Mechanical
anisotropy of inflated elastic tissue from the pig
aorta. J Biomech. 2010; 43(11):2070-8.

20- Versluis A, Bank AJ, Douglas WH. Fatigue and
plaque rupture in myocardial infarction. Journal
of Biomechanics. 2006; 39(2): 339-47.

21- Cullen P, Baetta R, Bellosta S, Bernini F,
Chinetti G, Cignarella A, et al. Rupture of the
atherosclerotic plaque: does a good animal model
exist? Arterioscler Thromb Vasc Biol. 2003; 23
(4): 535-42.

22- Migliavacca F, Petrini L, Colombo M, Auricchio
F, Pietrabissa R. Mechanical behavior of coronary
stents investigated through the finite element
method. Journal of Biomechanics. 2002; 35(6):
803-11.

23- Waters SL, Alastruey J, Beard DA, Bovendeerd
PHM, Davies PF, Jayaraman G, et al. Theoretical
models for coronary vascular biomechanics:
Progress &amp; challenges. Progress in
Biophysics and Molecular Biology. 2011; 104 (1-
3): 49-76.

24- Karimi A, Navidbakhsh M, Shojaei A, Faghihi
S. Measurement of the uniaxial mechanical
properties of healthy and atherosclerotic

human coronary arteries. Materials Science and
Engineering: C. 2013; 33(5): 2550-4.

25- Karimi A, Navidbakhsh M, Faghihi S, Shojaei
A, Hassani K. A finite element investigation
on plaque vulnerability in realistic healthy
and atherosclerotic human coronary arteries.
Proceedings of the Institution of Mechanical
Engineers, Part H: Journal of Engineering in
Medicine 2013; 227(2): 148-61.

26- Zheng J, Abendschein DR, Okamoto RJ, Yang
D, McCommis KS, Misselwitz B, et al. MRI-
based biomechanical imaging: initial study on
early plaque progression and vessel remodeling.
Magnetic Resonance Imaging. 2009; 27(10):
1309-18.

27- Zhang W, Wang C, Kassab GS. The mathematical
formulation of a generalized Hooke's law for
blood vessels. Biomaterials. 2007; 28 (24): 3569-
78.

28- Lally C, Dolan F, Prendergast PJ. Cardiovascular
stent design and vessel stresses: a finite element
analysis. J Biomech. 2005; 38(8): 1574-81.

29- Stemper BD, Yoganandan N, Stineman MR,
Gennarelli TA, Baisden JL, Pintar FA. Mechanics
of Fresh, Refrigerated, and Frozen Arterial Tissue.
Journal of Surgical Research. 2007; 139(2): 236-
42.

30- Gao Z, Desai JP. Estimating zero-strain states of
very soft tissue under gravity loading using digital
image correlation. Medical Image Analysis. 2010;
14(2): 126-37.

31- Ozolanta I, Tetere G, Purinya B, Kasyanov V.
Changes in the mechanical properties, biochemical
contents and wall structure of the human coronary
arteries with age and sex. Med Eng Phys. 1998;
20(7): 523-33.

32- Holzapfel GA, Sommer G, Gasser CT, Regitnig
P. Determination of layer-specific mechanical
properties of human coronary arteries with
nonatherosclerotic intimal thickening and related
constitutive modeling. Am J Physiol Heart Circ
Physiol. 2005; 289(5): 2048-58.

33- Holzapfel GA, Weizsacker HW. Biomechanical
behavior of the arterial wall and its numerical
characterization. Comput Biol Med. 1998; 28(4):
377-92.

AN 5wl 5 Olewl Y=Y sslad VA a9/ 50 (S pale alae



