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Center for Biomedical and Healthcare Engineering 

Campus with hospital, medical school, prevention center, 
college of engineering  and companies manufacturing 
medical devices 
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4 topics 

22 permanent staff 

35 postgraduate 
students and postdocs 

Soft tissue 

 biomechanics 

Biomaterials  

for bone  

replacement 

Healthcare 

 engineering 

Biotoxicity of 

 inhaled  

nanoparticules 
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Research strategy: 

• Predictive biomechanical models for treatments 
with medical devices; 

 

• Inverse methods for soft tissue biomechanics; 

 

• Biodistribution and biopersistence of 
nanoparticles in tissues. 

Institut Mines-Télécom, Formations Ingénierie & Santé 

Cardiff -  2013/08/09 - Prof Stéphane AVRIL 



 

6 

Education: 

• Master and PhD degree in engineering 

 

• Very selective recruitment  

 

• International MSc in biomedical engineering and 
design 

 

• Unique double degree with the faculty of medicine 
and with the medical school. 

Institut Mines-Télécom, Formations Ingénierie & Santé 
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http://cis.mines-stetienne.fr 

 

 

Visit us: 
Cardiff -  2013/08/09 - Prof Stéphane AVRIL 



 

8 

Cardiff -  2013/08/09 - Prof Stéphane AVRIL 

Today’s seminar 

1. Leg compression biomechanics 

2. Vascular biomechanics -> BSSM conference 

Biomechanics of soft tissues 
surrounding the major veins in 

compressed human legs 
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Introduction 
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Leg compression 

Source 1 : http://www.swissorthoma.ch / Source 2 : Hincapi au tour de France 2012, http://www.onlinetri.com / Source 3 : http://www.macirculation.com  / Source 4: http://www.sante.univ-nantes.fr 

http://www.swissorthoma.ch/
http://www.onlinetri.com/
http://www.macirculation.com/
http://www.sante.univ-nantes.fr/
http://www.sante.univ-nantes.fr/
http://www.sante.univ-nantes.fr/
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Vein hemodynamics 
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Vein hemodynamics 
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Vein hemodynamics 
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Vein hemodynamics 
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Vein biomechanics 
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Collapsible tubes 
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State of the art 

Without EC 

With EC 

Shear stress 
(MPa) 

1. Venous 
blood flow 

2. Applied 
pressure 

3. Tissue 
deformation 
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Part 1 

Hydrostatic pressure induced by the 
compression garment  

in the soft tissues: 
 

Patient-specific modeling 
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Patient-specific FE modelling: 
the geometry 

3D 
reconstruction 

1 2 3 

4 5 6 
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Patient-specific FE modelling: the 
boundary conditions 

L. Dubuis, S. Avril, J. Debayle and P. Badel, Identification of the material parameters of soft tissues in the compressed 
leg, Computer Methods in Biomechanics and Biomedical Engineering, vol 15, number 1, pages 3-11, 2012. 

Leg circ – Sock circ 

Sock circ 

curvature 

radius 

Stiff 
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Patient-specific FE modelling: the 
boundary conditions 

1 2 3 

4 5 6 
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Patient-specific FE model: the 
material properties 

Inner 
contour 

Outer 
contour 

model 

target 

Rmodel-Rtarget 
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Results 

Deep soft tissue Subcutaneous soft tissue 

Averages: 

8.2 ± 7 kPa 3.25 ± 0.9 kPa 
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Results 

1 2 3 

4 5 6 
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Results 

Deep vein locations Pressure vs height 

Hydrostatic pressure 
at the deep veins 

Pressure 
applied by 
the sock 
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Results 

 

1 2 3 

4 5 6 

Pressure applied by the sock 

Hydrostatic 
pressure at 
the deep 
veins 
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Conclusions 

 The compression treatment should be patient-specific  

 

 Importance of comfort issues 

S. Avril, L. Bouten, L. Dubuis, S. Drapier, JF Pouget. Mixed experimental and numerical approach for characterizing 
the biomechanical response of the human leg under elastic compression. ASME Journal of Biomechanical 
Engineering -2010, 132, 031006. 

L. Dubuis, S. Avril, J. Debayle, P. Badel. Patient-specific numerical model of soft tissues in the compressed leg: 
application to six subjects. Computer Methods in Biomechanics and Biomedical Engineering, 2012, 15(S1) pp 44-45 

S. Avril, P Badel, L Dubuis, J Debayle, S Couzan, JF Pouget, Patient specific modeling in venous deficiency, in 
“Patient-Specific modeling in tomorrow's medicine” (Studies in mechanobiology, tissue engineering and 
biomaterials), Edited by Amit Gefen, Springer-Verlag, 2012, 09, 217-238, ISBN 978-3-642-24618-0 

.  
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Part 2 

Vein and soft tissues interactions 
 

Generic modelling 

P.Y Rohan, P. Badel, S. Avril, D. Rastel, B. Lun, Biomechanical response of varicose veins to elastic compression: a 
numerical study. Journal of Biomechanics, 2013, 46(3), pp 599-603..  
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Superficial veins 

 MRI et US data 

 

 

Supine – no EC Supine – with CE 

Standing – No CE Standing – with CE 
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 Finite-Element Modeling approach 

 

 

Superficial veins 
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 Material properties 

 

 

 

 

Tissu Modèle paramètres Source 

Fat 
Hyper-elastic 

Neo-Hooke 

C10= 0.005 MPa 

D1 = 0.14 MPa-1 

(Dubuis et al., 

2011) 

Muscles 
Hyper-elastic 

Neo-Hooke 

C10=0.003 MPa 

D1 = 0.14MPa-1 

(Dubuis et al., 

2011) 

skin 
Hyper-elastic 

Neo-Hooke 

C10= 0.1 MPa 

D1 = 0.14 MPa-1 

(Iivarinen et al., 

2011)  

(Hendriks et al., 

2006) 

Fascia 
Hyper-elastic 

Neo-Hooke 

C10= 10 MPa 

D1 = 80 MPa-1 
(Wu, 2007) 

stocking Linear elastic 
E = 0.39 

ν = 0.49 

NF-G30-102 

(AFNOR, 1986) 

Vein ? 

Superficial veins 
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15mmHg 

90mmHg 

Standing 

Supine Identified parameter 
 at 15mmHg 

E = 100 kPa 

ν = 0.49 

Identified parameter 
 at 90mmHg 

E = 860 kPa 

ν = 0.49 
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Vein circumferential strain 

Superficial veins 
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 Géométrie de départ Tension faible Tension moyenne Tension élevée 

 

Position allongée 
    

    

Position debout 

    

    

   
Résultat intermédiaire/Le 

calcul n’a pas convergé  

Correspondance 
couleur-pression 

 

   

Superficial veins 
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Deep veins 
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Deep veins -intra 

1-Veines-Intra/S2-debout-D1-004-Sain-MC-267-1000-1.avi
1-Veines-Intra/S2-debout-D1-004-Sain-MC-267-1000-2.avi
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Deep veins - inter 
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Deep veins - inter 

2-Veines-Inter/SB-MCS-39-FSain-Contr-200-allonge-rigidityV-2-1.avi
2-Veines-Inter/SB-MCS-39-FSain-Contr-200-allonge-rigidityV-2-2.avi
2-Veines-Inter/SB-MCS-39-FSain-Contr-200-allonge-rigidityV-2-3.avi
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Part 3 

Vein and soft tissues interactions 
 

Towards patient-specific modelling 
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US elastography 



 

40 

Cardiff -  2013/08/09 - Prof Stéphane AVRIL 

Comparison – Manual 
stitching/MRI 
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Future work 

• Patient-specific modeling 

• Dynamic response 

• Fluid-structure interactions 


