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Arteries
• Blood conduits

elastic or muscular
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Arteries
• Blood conduits

elastic or muscular

Histological slice of the aorta
(normal is in circumferential direction)
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Axial prestretch
• Ratio of in situ to ex situ length
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Axial prestretch
• Age-related changes



We should ask: What are 
the mechanical consequences 
of the prestretch?



Analytical model
• To simulate an effect of the axial prestretch on 

pressure-radius relationship assume that we have  

• hyperelastic and incompressible
• thin-walled tube
• preloaded by axial weight
• which mechanically responses to the loading in 

the way that deformed geometry still retains 
character of uniform circular cylinder (only radius 
and length are changed)



Analytical model
• To simulate an effect of the axial prestretch on 

pressure-radius relationship assume that we have  
Pressure

Free to move 
longitudinally

Weight to induce 
initial extension

Human left 
common carotid 

artery



Analytical model
• Constitutive description by exponential strain energy

c0 = 5.94 kPa c1
ax = 2.53 kPa c2

ax = 2.44 c1
circ = 7.41 kPa

c2
circ = 0.93 c1

helix = 4.96 kPa c2
circ = 4.38 β = 48.13°

57 years old  female 
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Analytical model
• Kinematics
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Analytical model
• Equilibrium equations
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Analytical model
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Model predictions
• Inflation

Pr
es

su
re

 P
[k

Pa
]

Circumferential stretch λθΘ = r/R [-]

ini
zZλ =



Model predictions
• Extension 
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Model predictions
• Volume inside 

the tube 
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Model predictions
• Volume 

inside tube 

R
el

at
iv

e 
vo

lu
m

e 
 v

[-
]

0P =

5P =

10P =
15P =
20P =

kPa

Longitudinal stretch λzZ = l/L [-]

2.5P =



Derived hypothesis
• Axial prestretch which maximizes volume 

P [kPa] – λθΘ [-] P [kPa] – λzZ [-] v [-] – P [kPa]

Maximum volume 1.21ini
zZλ 



Conclusion and questions 
• From above mentioned we hypothesize that there is 

a value of axial prestretch which maximizes volume

• Does this value correspond to the prestretch measured 
in autopsy?

• Thus, is arterial mechanics an example of optimal 
design? 
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Thank you for your attention.
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