Axial Prestretch and Biomechanics of Abdominal Aor:

'III

&
[1l]]
3

et vertebral

right vertebral —_ i
\ artery

artery \ al

1|

'Ill

left commen
carotid artery

right internal —

carotid artery A [
= i
right subclavian — .
aﬂefv///. 7 N |
/ ascending __
| thoracic ]
,/ aorta [
[ f
| “‘
|

c
i

4_

e
|

TS left subclavian
~_artery
\\

\
. — descending \
\  theracic

Se , vl EJlE
| i
| [[[11}]

Sz

a biomechanik
o njA Oy N

\
abdominal |
aorta \

e

8ic

[ dz]I {1 2AONY/ é 15.10.2015

" a4 Unte@anikybiomechanikya mechatroniky 2 + !vPrazefakultad (1 NJ



(

t 2RSSt VS

/_Jni = /L

Excised

In situ

niha



¢ N RAOS yI C{ 2+!'¢

b ® ¢ pr&. dnb. Jaroslav Valenta, DrSc.

Al S2YSYIl 2002R20S 106é012¢
A r& &réniodelacE a G+ NJ/ dzd N
AVSYGAUS UGSLIeé

[ dzZ]+ O | 2Nyéz ¢2Y+ O ! Rt YS
Al S2YSyIl LBR2RSEtYS LISRLISGN
AF2NBYI yN LI ATFOS



WagenseilJ. E.et al. (2009).Reducedresseklasticityalterscardiovasculastructureandfunctionin newbornmice
CircRes104(10),121 71224 . WagenseilJ. E.et al. (2005). Effects of elastimaploinsufficiencyn the mechanical
behavior of mouse arteriedameJPhysioHeartCircPhysiol 2893 583), H1209H1217.



OK2RAal1lyY {04t NYdzi]
¢cSLlyeée (dzKy 2 dz

R(Veék, 2./") =—0.903 p <0.001

Wik rok] 5
A T 1.5"\
- 85 75 60 50 = \ | 2 NJ/ é
I R,
T = 200 1 440 gde
= Y, a kol. 2014
E N
= S 13-
< o 100 =
0 Q.
E |
Q.
> G
| I _g Lo
10 20 % :
Polomér/tloustka stény [-] O 1.0t———F—>=" 8o
o 20 30 40 50 60 70 80 90
Baderl967

Vék [rok]

WFE {1 LJA&20N &2 dzKNJ



| NfY [ AYdzf | O
iéLszst@MapnézRéf
Al & LJSNBNII@@N@FTL#

nellnearlta anizotropie

A{Afy2a usyy+Ku§y1
aK0oSlT gKSf NEIS@méy
N

~ R(Vek,A.;")=-0.903 p<0.00

A4 \ 4 Vv
M M I IRI’ N\Dé. I"“ls\
b
v e . é 1.4'82;
a ut I Ni led Y E e
a 1.31 '.h"’: o
o P
PN 4
8 )4 - B 101 O\ ¥ o>
t 2 t S a LJ c \8- 1.2 OA : 0: Oog\b\
I l \ = A% LR, N
L 1. O >0 ::‘ e

podle statistiky 365 pitev =,

Ul~

20 30 40 50 60 70 80 90

| 2Ny é S I-fCD Hyetod, | ]




3f Hébtmaceo SKSY

R

mflaceextenze M38 i

20

Tlak [kPa]
10

\

—
1.02 1.06 1.1
Axialni stre¢ A_, [-]

1.14

Z’lnl

z/ .min ‘
2%, (D R-I y
/o

-

p—
.I:.

w
o

Podélné predpéti I/L [- ]

p—

— — — —
(=) N

" 20 30 40 50 60 70 80 90
Vék [rok]

095 1.0 1.05 1.1
Obvodovy strec A, [-]



+éaf SRl ey

a diastolou

__0.05
1 ®
< 0.04 e
Q 0
N (.03 .
~
O e® ©
Y% 0.02 ° e
E 5 . e
N 0.01 8 Bo
~~ . QD g e o
0 0 s m|
40 50 60 70 80
-0.01 o Ho

/’Lini

zZ min

/1 ini

z/ mean

1.5“\
b\

]

p—
NS

Podélné predpéti I/L [

o p—

Vék [rok]

(S.5vS Sp1A/Sopial]

O
o

O
o

o
N

o
R(Age,O':: increment At Tm) =0.762
p-value < 0.001




+éaf SRl ey
variacl deformace DISYS

/¢ v/ o il

0.09|

0.08
0.07
0.06
0.05
0.04
0.03
0.02

ti L[]

N
N 2
5 N=
A R 3
e 2t S 3

Podélné predpé

t 2RSE

—

tohoto jevu?

Co Je podstatou



[AYdz  OS AYyTFil OSY t 2

AOELIR2YSYOAl

M 9ELRYSYyO

AOELIR2YSYOAl
[bNeo-Hooke

A Neo-Hooke

Dbkt M2 G NB LY )
At f2y N AT/2GN2 LY

£y Nw=£(E"2 4 NI N

[

R 8””’:% ___PR(+&y)
<AL Q/Q_H(l_gee_gsz)
M [ AYSHNYN §f rﬁ)\mur UL o

ALAYSENYN St a
M [ AY St NYN St

113

0% L L@ njl
QA GF7Ld




-wSRdzl OS Y2RSf dzY Jéaf

¥y ni=111121314 161718192 eii=0,0.020.040.06008 0120.140.160.180.2

1 -

b 2 N 2 O BlrE-]
7

0.1 0.1

€ cH
B PR(1+8HH) PR
99—H(1_500_8::) GQQEPQ@:F

Linedrni pruznost II. Linearni pruznost I.



A
i //\?\\i left vertebral
right vertebral ———— | ) o left vertebral
Lo

artery artery

right internal i _left common

carotid artery ' L " carotid artery
right subclavian — i - left subclavian
artery _~ d / R artery
ascending ~L_ 4
thoracic ¥ v — descending
- aorta .»// theracic
aonta
b . I l . k
| u
X i 4 4 internal iliac
~artery

abdominal
aorta

femoral artery

_LINjSRLISGN &A RNDON

y
VAOdz2S O NR I ORIl | EAH
S

| EAL f

OMUL a \
OHU USRS OSUONKYSYON O
Cél AltEYN LRRaOlrIG2dz 9t A @
603IAS2YSUNRARO]LItZ YIFUOSNRARI 20



> Oy |+

A4

YSOKLI YA

6af SR1é& oeéfeée dzL FdySyeée O
- a2 LA aSOKY

Horré L.,Netudl, M., Vazavko¥ , T. (2014). Axial prestretch and circumferent
distensibilityin biomechanics of abdominal aorBiomechModel Mechanobiol
13(4):783799. IF 3.145

| 2 NY&S i ¥2F2015). How does axjadestretchingchange the mechanic

response of nonlinearly elastic incompressible-tmatied tubes.
Int IMech Scj In pressiF 2.034

EAFE YN LIS
A 2




N N ¢« = —/+

LIN2 T & . ldzNERD. WA nj N

e

ONY S kinStR d@le pOblkad@iuniphreyd H nn g0 LJ2 dZON @t Lnj
YNK2 yIFLSUN 68ATl no nt RST T R2fl Yl
t A04dded LingSdzQR3 3 0 R | Dobrina(19yBiLyop), destudbede &

& uNszR a@@£m£®$ylﬁcﬂzré22@;kmz 21 oe
y' . > I E N

= konst

/zZ

/ [

6poO Yl AUNID HP LI2LIA&GdzZ2ZN dzZNBAGS dzéLJQB;

%

L] A J \I



1 LINE T & . ldzNERD. WA nj N

zZ ZZ red
20
1000 30000
15 _ 800
5 e e —
- =2 %20000 T
v} £ 600 E
= 10 g E
|[:: =5}
Z 400
10000
5
200 ,»—'—*H_r‘
\
0 - s - —
08 09 10 11 12 13 14 0.9 1.0 1.1 1.2 1.3 1.4 Thak [KPal— — = ==

Obvodovy stretch [-] Axialni stretch [-] Tlak [kPa]

M 38 F.,=konst s _=konst /, =konst




1 LINE F o . ldzNEHD. WA nj N

20 16kPa _ AOKP 16kPa  10kP
M38 /QQ /1@ a‘Fred konst < gQ £ |a ,, kenst

15
T F_, = konst
=,
% 10
i s =konst
i S N 17/ I S ——

D

[/, =konst




1 LINZ T o . ldzNBMD. WA njN
/ ;SkPa_ Il(gkpa [ ] /inga_ }Z.nga [ ] ( 16kPa _ kapa) 3§62kPa [ ] _Frcd=k0nst

017, . ; ;

[ * 5 / ini
o 0.04| e 0.6 .'. 8 o 6 Tzzewp
¢ o g © O gini
"% e o e .% x -
] ;li 0.02 o % 0.4 K .** é : o
006 g g 0O s . ~ ® . ! %* *‘k ﬁ .* o o, =kons
S &0 o} 3 8o o . X e
0.04 . 5 * 40 50 560 s LV ° ° _gin
° % @% P o E | Tzpe
0.02 . -0.021 3] | / ini
' % - P 8 27 L
i Gl 08— 5 FagEE——F
40 >0 60 70 [ . 40 50 60 70 2., = konst
+ S[tok] E—1
ini
‘. ml /.n. /zZ EXp
RYEAIVATALL Y GIN " e o

JORE VAAIYATARY BAANATALI YO YN



2 LINE2 T o . ldzRED. WA nj N

7 AN A 7 A

adO8yg tel20rid 2YSISYN LRdZOAUISKZ2 Y2
YI G§GSRAt f dz

G6SNAt f 20é Y2RSfY

(qEQ o B, ) _1)

bStf Ay St NGKSD LISNRG f éa (1 Wi —"20
VAT 230N2 LIWYN
| 2Y23S A0Sy

je: HE

VYNOK aAf R2 ail @S
v {al =X
Kt Sogméremotle®iced] 2 YLIZ V S

Do To Do Do Do Z o To Do D



2 LINE2 T o . ldzRED. WA nj N
V publikaci:

Horny L.,Netusil M., Daniel, M. (2014 )imitingextensibilityconstitutivemodelwith distributedfibre orientations
andageingof abdominalaorta. JIMechanBehavBiomedMater, 38:3951.
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There is a question about the definition of the nominal stress on page 25 of the thesis. It seems that the
physical quantity as defined by the following transformation is the first Piola- Kirchhoff stress while the
nominal stress should be its transposition. Also the transformation referred to at the top of page 26 is
known as the Piola transformation.

Yy 23 HdAfebdadS WanfireadelddT A A
Mechanicgdlzdt RN 206F UGSNIXNyeéXxX ao



2 R20® LYy3I®d ¢2YI O al NBO:3

Arteries are anisotropic and heterogeneous, in fact they are a layered composite tube. In the thesis the
anisotropic model based on an assumption of orthotropy aligned with the axis of the artery is used. This
is realistic for a homogenised model as it was applied in the thesis. The question is whether there is not
a potential in understanding the axial prestretch more deeply using a heterogeneous model based on the
practice of studying wound composite tubes.
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There is a reference to a cylindrical coordinate system on page 27. The reader gets the impression that
in fact it is a Cartesian coordinate system aligned in tangent-radius-normal directions. Is this impression

correct”
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The regression equation (3), is it the only regression equation that was tested or just the most appropriate

one from a set of tested regression equations? LS\ R(Age, ™) =-0.903 p-value <0.001
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Slightly confusing is the definition of material description on page 33. Is it to be understand such that the
material description refers to the unstretched (that is the one with a cut) state?
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There is a question about persuasiveness of the Figure 8. Especially the results obtained using upper limit
are somewhat dim.

S

R(Age,Frd) = -0.514 p-value = 0.04
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The data for ¢1,c2, and c3 from table 2 come from literature or is it an experimental result obtained by
the author?

LabrosseM. R., Gerson, E. Reinot J. P.Beller C J.2013. Mechanicatharacterization

of human aortagrom pressurization testing amalparadigmshift for circumferential
residual stressIMechanBehavBiomed Materl7, 4455.

The values of referential elasticity tensor components exhibit a significant change with respect to the
change in pressure. How much do the components of the elastic tensor expressed in space configuration
depend on the pressure?

=== _p(2E H)'l F:{dX}- {dx}
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One of the most interesting results of the thesis is a statement that highly prestretched arteries can be
more distended in the circumferential direction. The reader must agree with the author that this result is
counterintuitive aiffshat some experimental validation is necessary.

ANoO >

What is the appliant’s opinion to the question of influence of dynamical effects on the stress and strain
state of the aorta'ﬁ what degree is the static analysis relevant?
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As ¢,z # 0 does it mean that the length of the aorta is changed during the heart cycle or that as the wave
propagates the artery is locally elongated at one point and locally shortened at another point?

NE 8Sz AYUSNLINBUlF OS 2SS a2 dx
Elastostatikd LINE Rf dzO2 @t Y Nk I 1 NI} O2
+fy20t F2NXdzZ +ioS T 1T+ OA&af 2



1 LINPFTDP LYIP CNIVYIAOS]H

Prace ukazuje na velikou slozitost modelovani biologickych tkani a na diilezitost zmény
velikosti parametri s vékem individua. Z literdrni reSerSe vyplyva, Ze predpéti v cévé
(aort€) generuji v zasadé dvé slozky; elastin, ktera je isotropni, a kolagen, ktery vykazuje
jistou anisotropit.  Velikost predpéti zavisi na poméru mnozstvi kolagenu k elastinu;
ukazuje se, ze predpécti je tim vétsi ¢im vice je obsazeno elastinu v hladkych svalech
v medii. Kolagen ma ziejmé vice Glohu formovat tvar stény a je vétSinou ve vnéjsi ¢asti tj.,
adventicii. Pfedpéti v cévé (aorté) je generovano predev§im hladkym svalem v medii kde je
rozhodujici slozkou elastin. Mate né&jaké objasnéni poklesu velikosti podélného predpéti
s rostoucim napétim uvnitf tepny? Zpisobuje narlist roztazeni cévy (narist A, ) né&jaké
konformacni zmény molekul kolagenu a elastinu a nebo jejich vazeb?

C
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~

O O U a Y 2 y. -F 2 N\}ng5—Collage’r;ﬁ;elrsmal;lana‘rc:xt:f\mel’r;nr\r\la a

visualized by picrosirius red staining at increasing applied
circumferential stretches: (a) ic = 1.05, (b) Ac = 1.35 and

(c) Ac = 1.50. The direction of applied stretch corresponds to
the horizontal. (For interpretation of the references to

colour in this figure legend, the reader is referred to the
web version of this article.)

WeisbeckerH., Pierce, D. MRegitnig
P., &Holzapfe| G. A. (2012). Layer
specific damage experiments and
modelingof human thoracic and
abdominal aortas with non
atherosclerotic intimal thickening.
Journal of the Mechanic@#ehaviorof
5{ Biomedical Materials, 12, 9B806.
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ko|agen Chen, H.SlipchenkoM. N., Liu, Y.,

2 SHG Zhao, X., Cheng,-J.Lanir Y., &Kassab
G. S. (2013). Biaxial deformation of
collagen and elastifibersin coronary
adventitia. Journal of Applied
Physiology, 115(11), 168%93.
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Muze hrat néjakou roli v uvedené analyze predpoklad nestladitelnosti tkan&? Stladitelnost
materialu je charakterizovéana rychlosti zvuku (¢* = (BP/ ap)T oc U/ p - pro pricné viny).
Pro hodnoty € (50,350)kPa, viz. napf. Am J Physiol Heart Circ Physiol 285: H1966—

H1975, 2003; je rychlost zvuku ve sténé trubice ce (7;18)ms™, coZ je rychlost srovnatelna

s rychlosti krve.
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(a) Material A volume changes while submitted to monotonic and cyclic uniaxial tension.
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Styren butadien (b) Effect of material A incompressibility loss on its cyclic
uniaxial tension stress-stretch response.
Merckel Y., Diani, JBrieuy M., &Caillard J. (2013). Constitutive modeling of the anisotropic behavionufins
softened filled rubbers. Mechanics of Materials, 57:430
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