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CHALLENGES AND OBJECTIVES

Fundamentally understand local structure–function

relationships in aortic dissections.

This requires an approach permitting:

1. To reconstruct the regional distribution of mechanical 

properties of the aortic dissection.

2. To investigate their correlation with the underlying

microstructure and its evolutions.
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APPROACH

1. Experiments

2. Material model

3. Inverse method
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Dissected suprarenal aortas in the ANGII 

infused mice

Stéphane Avril - 2019 Aug 16 - CMBBE NYC4



Institut Mines-Télécomavril@emse.fravril@emse.fr Stéphane Avril - 2019 Aug 16 - CMBBE NYC5

Posterior Anterior

Suprarenal Abdominal Aorta (SAA)

Anterior Posterior

Untreated Ang II

Measurement of surface deformation 
fields using Panoramic Digital Image 
Correlation (pDIC)
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Measurement of bulk deformation 

fields by Digital Volume Correlation 

on OCT images
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CONSTITUTIVE MODEL
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Bellini, et al., Ann. Biomed. Eng., 

42(3), pp. 488–502, 2014
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PARAMETERS TO BE IDENTIFIED
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Bersi et al., BMMB, 2018
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Inverse approach – traditional 

approach

Set of 
materials
properties

Resolution of 
forward
problem

Deviation
between

predictions and 
measurements

minimization

initialization

Identification of 

material properties
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measurements
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J(µ)= 𝑇 𝑢 − 𝑇(𝑢𝑒𝑥𝑝) 2 +
𝛼

2
𝐵(µ)

Oberai et al., Inverse problems, 19, 

pp. 297-313, 2003
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Alternative inverse approach:

the virtual fields method

Set of 
materials
properties

3D 
estimation of 

stresses

Deviation to 
the principle

of virtual
power

minimization

initialization

Identification of 

material properties
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Bersi et al., J Biomech Eng, 2016

Full-field strain

measurements
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J =σσ
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Linear least-squares

Genetic algorithm

Resolution:

Minimization of the equilibrium gap 

using the principle of virtual power

Bersi et al., J Biomech Eng, 2016
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Example of virtual field
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1. A local virtual radial “bulge”: u(x)  = [f(x-x0) /r
2 ] er

After deriving virtual strains (infinitesimal) 

local internal virtual work is derived at 

every Gauss point and integrated across

the volume

The virtual field is normalized such as the 

external virtual work equals P.
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Results - Highlights
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Obtained linearized circumferential stiffness
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Cross sectional structure – function analysis
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SUMMARY

- Inverse approach permitting to reconstruct the regional

distribution of mechanical properties of the aorta.

- Towards correlations between mechanical properties and 

underlying microstructures during aneurysm growth.

- 100 to 1000 independent local responses which could be

used to set up statistical mechanobiological models

using Bayesian inference and machine learning.
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