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Figure 10 Pipette aspiration method.

goo0ooobooobooooOoooooOoooooog
200000000C0O00000O0200000000
oooobooooobooobOoboooooobooobooo
oooooooooooooooboOoooooooog
oooooooooooooooooobooooog
goboooz200000000o0oOoo0oooooog
goooooooobooooooooobooOoooo

020000003

gboooboooboooooobooboobooooo
gboooboooboooooobooboobooooo
0oooooooooooooooooooonimm
ooooooooooooooooobobobooooo
ooooooooooooooooobobobooooo
gboooboooboooooobooboobooooo
gboooboooboooooobooboobooooo
gboooboooboooooobooboobooooo
ooooooooooooooooobobobooooo
0o0oooO00o0000000O0O0000Mm Fig 1M
ooooooooooooooooobobobooooo
gboooboooboooooobooboobooooo

750

= 1001 )
% Aortic arch 42)
—o— Lesnons ;
§ sor Lesion
w p < 0.001
w
S
s 60f
'g =
| (42)
E[an p<0 02
2 40 &
E p < 0.002 p<0.05 17)
et (16)
E 20 L L I 1 I ]
o 0 4 8 12 16 20 24 28
-

Cholesterol feeding period (weeks)

Figure 20 Change in the local elastic modulus of the aortic
arch with cholesterol feeding period.

Figures in the parentheses indicate the number of aspirated
points.

Lesion (+): area covered with the lesions, Lesion (-): area
preserved from the lesions

Based on reference 6.
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Figure 30 Elastic modulus of normal human aorta in sub-
intimal, mid-wall, and sub-adventitial regions.

Marked heterogeneity was observed.

Unpublished data; courtesy of Profs. Masuda H, Sato M, and
Dr. Ohashi T.

Figure 40 Example of images of a rabbit thoracic

aorta at 80 mmHg. A | B
A: Side view

B: Longitudinal view

Based on reference 7.
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Figure 50 Variation of the pressure circumferential stretch
ratio curve of rabbit aortas depending on their circumferential
position.

Based on reference 7.
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Figure 60 Ring-like segment of canine thoracic aorta (left)
and its adjacent segment cut radially.

Upon cutting, it sprung opened to form an arc, indicating
residual stress in the aortic wall.
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Figure 70 Effect of residual stress on stress distribution A
in the loaded state.
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Figure 80 Effect of smooth muscle contraction (+NE,
norepinephrine) and relaxation (+SNP, sodium nitroprusside)
on the opening angle .
Based on reference 13.
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A: Soft, tension —’ A: Valley

B: Stiff, compression B: Hill
Figure 90 Schematic diagrams on residual stress A
caused by material heterogeneity (A) and hilland —
valley pattern caused by such residual stress (B). B

ooooooomoooomooooooooog
ooooooooooooooooooboboooog
oooooooooooooooboboboboooooo

ooooboobooooon

gooooooooooooooooooooooo
gooooooooooooooooooooooo
goooooooooboobboooobobooDoboboOo
gooobobOOoboooDooboobobobooooo
000000 EL: elasticlaminal 00000000
00000mO0O00000SML: smooth muscle layer
O0o0o0moOOlamellarunitD 0000000000
oo0* 00000000 O0Oeookrad DO O OO
O000™MoOO0OO00o000oo0Oo1okPaOd OO OO
0000000o0oooOoiGPal 0O OOO0OOOM O
gooobO0obOOos0ob0obooobooboboobooo
gooooooooooooooooooooooo
gooooooooooooooooooooooo
gooooooooooooooooooooooo
gooobOobOOoboooDooboobobobooooo
JgeLosMLOOO0O000O00O0O0O0DELDOODOO

0000 Vol. 46, 2006

ooosMLOOOOO0OO0O2500000000000
ooooo®o

0100000000000000 *2e
ooooO0oOooo0ooooooooooooooo
ooooO0oOooo0ooooooooooooooo
gooobobobobooobobobobooobooo
O00Fg9ADDDDODODDODODODODODODOOOO
goo0d0bD2000000000000D00O0DD
ooooO0oOooo0ooooooooooooooo
ooooO0oOooo0ooooooooooooooo
ooooO0oOooo0ooooooooooooooo
gooobobobobooobobobobooobooo
gooobboobobooboobboooboooLLobo
gooobobobobooobobobobooobooo
oc00000D0O0O0O0OD0ODOO0DODOO0ODOOOOO
O0O00O0OFgOADODDODOOOODOODODOODOOOO
ooooO0oOooo0ooooooooooooooo
gooobobobobooobobobobooobooo
gooooboobooobooboboobooo
gooobobobobooobobobobooobooo
ooooO0oOooo0ooooooooooooooo
0000000000000 0O0oo0O00DdFig.
B ODD0OODODOOOODDOOODOOODOOOO
0O O [ Scanning Micro Indentation Tester: SMITCD O O
00" ooo0ooooo0owmO00OO0O0O0O0OO0O0
gooobobobobooobobobobooobooo
0000000000000 oooooooooo
ooooOooOooo0ooOooooooooooooo
ooooOooOooo0ooOooooooooooooo
gooobobobobooobobobobooobooo
gooooooO0lamellarunit0 000000000
goobobooooboboboberbobOobO
O0osMLOOOO0OO0O0O0D0O00O0MMFig 100 OO
O00000OFgOOOOOO0OOOOOOODOODOOO
O0DELOSMLOOOO0ODO0OOOOOOOOODOOO
gooooooogo
gooobobobobooobobobobooobooo
gooobobobobooobobobobooobooo
ooooOooOoooOooOooooooooooooo
ooooOooOoooOooOooooooooooooo
000000000ELD -35kPal SMLO 10kPal O O

753



poooO0oo0ooboooOo0o0o0oOobooooOooon

Stitfness distribution

Figure 100 A set of data obtained with the SMIT for a section
perpendicular to the circumferential direction of a porcine
thoracic aorta.

Based on reference 17.
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Figure 1101 A section of the porcine thoracic aorta stained
with Azan.

Corrugated elastic laminae are observed as white wavy
lines.

Based on reference 16.
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Deflection pipette Operation pipette

Figure 12 A smooth muscle cell during the tensile test.
L: cell length, x: displacement of deflection pipette
Based on reference 15.
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Figure 13 Tension-elongation curves of vascular smooth muscle cells freshly isolated from rat
thoracic aortas.

Contraction was induced with 10-° M serotonin.

A: Untreated cells.

B: Contracted cells.

Based on reference 20.
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Biomechanics of Blood Vessel Walls: From M acr oscopic to Microscopic Viewpoint
Takeo Matsumoto

Biomechanics Laboratory, Department of Mechanical Engineering, Nagoya I nstitute of Technology, Aichi, Japan

Key words: artery, biomechanics, mechanical properties, residual stress, microscopic analysis

Current trends in blood vessel wall biomechanics are addressed from the following 3 viewpoints: 1) Recent methods
for the measurement of mechanical properties of blood vessel walls, 2) Mechanical adaptation and 3) The importance of
studying microscopic mechanical environment. Special reference is made to heterogeneity in the mechanical properties
of artery walls. Moreover, mechanical adaptation is considered to be one of the most important topics in blood vessel
mechanics. The microscopic mechanical environment in blood vessel wallsis complex due to histological heterogeneity
at amicroscopic level. This may cause corrugation of the elastic lamina, which is frequently observed in histological
sections of elastic arteries. (JJpn Coll Angiol, 2006, 46: 749-757)
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