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Introduction : aneurysm

⇒ Build an artificial model that can be used by surgeons to train on. 
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The aortic tissue & 
its hierarchical layers organization

Intima: Connective tissue
composed of an endothelial cell
layer

Media: Elastic fibers (elastin +
microfibrils rich in fibrillins) that
form a network.

Adventitia: Collagen fibers that
confer resistance to stretching
(against extreme deformations).

Deficiency in fibrillin-1 production ⇒ alterations in vascular physiology ⇒ risk of aneurysm.
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How to model the three layers of the aorta ?

E=840MPa

=385.643MPa
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Modeling of the
real aorta on
COMSOL
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Geometry
2D-axisymmetric cylinder model
Three-layer blood vessel

Blood
Laminar Flow
Non-Newtonian power law

Vessel
Linear elastic material
Roller boundary condition

Multiphysics
Fluid-Structure interaction

Modelization hypothesis and choices

7



Geometry
t1: adventitia, 0.6mm

t2: media, 1.2mm
t3: intima, 0.2mm

Vessel’s diameter: 40mm

Comsol Simulation

Blood inlet: 126.09mmHg * f(t)
Blood outlet: 125.89mmHg * f(t)

Fluid model: 
non-Newtonian power law

2D-axisymmetric
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Comsol Simulation
Velocity Field - “Real” Aorta von Mises Stress - “Real” Aorta
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 Design of the
aorta
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PolyJet printing technology
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Model Materials 

Agilus 30 / Elastico

Material Type: PolyJet photopolymer

Key Feature: Exceptional tear resistance

Resistance to tension: 2.4-3.1 MPa

Elongation at break: 220-270%

Vero

Material Type: PolyJet photopolymer

Key Feature: rigid 

Resistance to tension: 50-60 MPa

Flexural Strength: 80-100 MPa
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Model Materials: 
      Young’s Modulus 
For composite materials: 

=385.643MPa
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Pattern design on Solidworks
Agilus pattern 

Media

Intima

14



COMSOL Tests
Designed Aorta Model

Three complex layers!

Use one quarter of the whole

cylinder and reduce the length to

simplify the calculation

Remain the same assumption as

the “real” model to compare the

results
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COMSOL Tests
Velocity Field - “Real” Aorta Velocity Field - Designed Aorta

Fluid-Structure Multiphysics
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COMSOL Tests
von Mises Stress - “Real” Aorta von Mises Stress- Designed Aorta

Solid Mechanics

Intraluminal pressure 160mmHg
 Abdominal pressure 12mmHg 17



3D printing
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First 3D printing of the pattern
Scale: x5
Materials: TPU  
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 3D printing with PolyJet printer
Equivalent Agilus Vero

Bimaterial
Test the resolution (smallest pattern: 0.3mm)
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Microscopic observation
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Conclusion

22



Bibliography
Sassani, S. G., Kakisis, J., Tsangaris, S., & Sokolis, D. P. Layer-dependent wall properties of abdominal aortic aneurysms:
Experimental study and material characterization.

1.

Wang, X., Carpenter, H. J., Ghayesh, M. H., Kotousov, A., Zander, A. C., Amabili, M., & Psaltis, P. J. A review on the
biomechanical behaviour of the aorta.

2.

Stratasys [Website] Available at: https://www.stratasys.com3.
Concannon, J., Dockery, P., Black, A., Sultan, S., Hynes, N., McHugh, P. E., Moerman, K. M., & McGarry, J. P. (Published on 11
September 2019). Quantification of the regional bioarchitecture in the human aorta.

4.

COMSOL. Fluid-structure interaction in a network of blood vessels. Available at: https://www.comsol.fr/model/fluid-
structure-interaction-in-a-network-of-blood-vessels-660

5.

ResearchGate. [Website] Available at: https://www.researchgate.net/figure/Two-models-of-aorta-wall-The-thickness-
and-Youngs-modulus-of-layers-are-shown_fig12_26731015

6.

Biologie Journal. [Website] Available at: https://www.biologie-
journal.org/articles/jbio/abs/2012/02/jbio2012009/jbio2012009.html

7.

Duprey, A. (2016). Quantification de la structure multiéchelle du tissu aortique sain humain et pathologique par
imagerie microscopique confocale. Thèse de doctorat, Université de Lyon.

8.

PubMed Central. (Published on 26 November 2020). A review of numerical methods for modeling vascular mechanics
and hemodynamics. Materials, 13(22), 5042. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7664885/pdf/materials-13-05042.pdf

9.

23

https://www.stratasys.com/
https://www.comsol.fr/model/fluid-structure-interaction-in-a-network-of-blood-vessels-660
https://www.comsol.fr/model/fluid-structure-interaction-in-a-network-of-blood-vessels-660
https://www.researchgate.net/figure/Two-models-of-aorta-wall-The-thickness-and-Youngs-modulus-of-layers-are-shown_fig12_26731015
https://www.researchgate.net/figure/Two-models-of-aorta-wall-The-thickness-and-Youngs-modulus-of-layers-are-shown_fig12_26731015
https://www.biologie-journal.org/articles/jbio/abs/2012/02/jbio2012009/jbio2012009.html
https://www.biologie-journal.org/articles/jbio/abs/2012/02/jbio2012009/jbio2012009.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7664885/pdf/materials-13-05042.pdf

