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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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* |Inverse methods for soft tissue biomechanics;

 Biodistribution and biopersistence of
nanoparticles in tissues.
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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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Paroi de la veine

Caillot de sang
(thrombose)

SIGVARIS

LIFE FOR LEGS

Valvule

COTTON

CO2 A-D#

Source 1: / Source 2 : Hincapi au tour de France 2012, / Source 3 : / Source 4:
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JOURNAL OF VASCULAR SURGERY
Volume 46, Number S

k= Vein hemodynamics

mmHg CM
HP DP Ht +/-RA
0 15 174 +42
0 151 +19
0 0 132 0
15 12 -20
31 (leg) 92 -40
(44 arm)
59 56 -76
M. % 10 122

Fig 7. Relative venous hydrostatic (HP) and dynamic ( DP) pres-
sures at various heights (Hz) and distances from the right atrium
(RA) in the upright individual. Dynamic pressure derive from the
activity of the cardiac pump while hydrostatic pressures are related
to position and gravity. The figure has been standing motionless
with the dependent veins filling by gravity. Upper extremity pres-
sures varv with the position of the arm.
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Superficial and perforator
venous dysfunclion

Healthy subjects
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Venous Pressure & Volume (APG-RVF)
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Fig 8. The pressure and volume changes with activation of the calf muscle pump are demonstrated. Beginning in the
standing posture, the hydrostatic pressure baseline is demonstrated in a dependent, but non-weight bearing limb. The
subject then performs 10 tip-toe (heel-raising) maneuvers and resumes the non-weight bearing posture. A, This
schematic compares the pressure and volume changes along a concomitant timeline. Note the efficiency of the calf
pump in rapidly reducing either volume or pressure upon commencement of muscle activity. Although volume filling
begins within 5 to 7 seconds, pressure does not rise substantially for 30 to 40 seconds. Alterations in these relationships
can generate chronic, sustained venous pressure elevations, the end products of which are the symptoms and findings
of chronic venous insufficiency. B, Pressure changes during these maneuvers are illustrated in this recording from
cannulation of a dorsal foot vein reported in mm Hg. C, Volume changes during these maneuvers are illustrated in this
air plethysmographic examination. The volume remaining in the limb after exercise divided by the venous volume
standing still is reported as the residual volume fraction (RVE, %).
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L'Ess 7-5"" "e‘"e“"i"f : Fioure 1 Volume in a collapsible tube as a function of transmural pressure. Typical trans-
verse cross-sections are shown at various points on the curve,




G

ey Collapsible tubes

l:l SAINT-ETIENNE

www.emse.fr

INSPIRING INNOVATION | INNOVANTE PAR TRADITION Cardiff - 2013/08/09 - Prof Stéphane AVRIL

Fiow
L e b
| t 1 1 } ]
(b) (f) (e) (d) (c) (a)
Iem

FiG. 1. Typical shape of collapsed tube during steady flow, as observed by CONRAD (1969).‘(0). (b) rigid
tubes; (c) region of subsonic flow; (d) approximate position of elastic constriction; (e) region of super-
sonic flow; (f) hydraulic jump.
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1. Venous
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blood flow

Without EC

With EC

h

Shear stress
(MPa)

497

State of the art

2. Applied
pressure

1

/N
Guesdon et al. (2007)
Downie et al. (2008)

Gaied et al. (20086)
Liu et al. {(2006)

Linder-Ganz et al.
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3. Tissue
deformation

(2008)
Portnoy et al. (2008)
Vogl et al. (2010)
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Hydrostatic pressure induced by the
compression garment
in the soft tissues:

Patient-specific modeling
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Leg circ - Sock circ curvature

Sock circ

= Stiff =—| [/ |\

L. Dubuis, S. Avril, J. Debayle and P. Badel, Identification of the material parameters of soft tissues in the compressed
leg, Qomputer Methods in Biomechanics and Biomedical Engineering, vol 15, number 1, pages 3-11, 2012.
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Schutaneous soft tissue Deep soft tissue
clﬂ
(kPa) 100
20
17,2
15 14,5

10

5,2

2,2

5 6

= > Averages:

I 8.2 + 7 kPa 3.25 + 0.9 kPa
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Deep vein locations Pressure vs height
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» 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(51) 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
I biomaterials), Edited by Amit Gefen, Springer-Verlag, 2012, 09, 217-238, ISBN 978-3-642-24618-0
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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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» Material properties
~“Tissu | Modle | paramiwres | Source
Fat Hyper-elastic C,,= 0.005 MPa  (Dubuis et al.,
Neo-Hooke D;=0.14 MPa"! 2011)
Hyper-elastic C,,=0.003 MPa  (Dubuis et al.,
Muscles \eo-Hooke Dy = 0.14MPa-! 2011)
(livarinen et al.,
<kin Hyper-elastic C,,= 0.1 MPa 2011)
Neo-Hooke D, =0.14 MPa’' (Hendriks et al.,
2006)
. Hyper-elastic C,,= 10 MPa
Fascia Neo-Hooke D, = 80 MPa™! A, 2007,
stockin Linear elastic E=0.39 NF=G30-102
9 v = 0.49 (AFNOR, 1986)
I Vein ?
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Identified parameter
at 90mmHg

E = 860 kPa
v = 0.49

Identified parameter
at 15mmHg

E =100 kPa
v = 0.49

Vein circumferential strain
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Géométrie de départ  Tension faible Tension moyenne Tension élevée

Position allongée

Résultat intermédiaire/Le

calcul n'a pas convergé
kPa kPa kPa
4.0 9.0 17.0
10 5.0 8.0
Correspondance =20 0.0 2.0
couleur-pression 20 60 120
-7.0 -10.0 -19.0

9.0 -15.0 -25.0
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Veine soléaire ®

MPV
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Vein and soft tissues interactions

owards patient-specific modelling
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Young Modulus
kPa
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 Patient-specific modeling
 Dynamic response
 Fluid-structure interactions

kPa




