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Objective:

An overview of the complex behavior of human skin in vivo through
various studies on the mechanical and thermal behavior.

Outline:
1. The functions of the human skin

2. The different ways to study its behavior in vivo, in
vitro, ex vivo. The multidisciplinary approach.

3. From a classical material science study to a
specific device to identify natural stresses in vivo

Conclusion and outlooks
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Modification of shape and volume

Reversible deformation

Auto-reparation

Adherence

Multidisciplinary natural stress Prospects

softness

[Agache 2000]

Functions

'U'FC @ AT EButbm CLA, Besancon, 2010 october 21



f ' Simulation: Presenting Research Papers in

efTJ!lt@"St Engl oquium

sciences & tecﬂologies

— Mechanical properties

» Composite multilayers: 3 layers with different thickness and mechanical
properties [Agache 2000]

» inhomogeneous, nonlinear,
viscoelastic, anisotropic material.

[Fung 1973] [Silver 2003] bt Y | dermis
» subjected to large deformations. hair
follicle 1B : & Jl e
[D6|a||eau 2007] blood __Yr~ . el &~ | X 5 ‘«‘ hypodermis
vessels SN N N il

» Variability: mechanical properties highly
dependent on the water content, the age, the sex and
the localisation on the body. [Mofid 2006] smooth muscle

sensory
neuron

sweat
gland

Multidisciplinary natural stress Prospects

» pre-stressed living tissue.
[Diridollou 2000]

Functions
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Understand, Identify and predict the mechanical behaviour of human skin

Who: <:> What:

% Diagnosis aid and preparation for care
#Doctors & Optimisation of suture technics

< Design of technical tissue or

% 3Surgeons, : o :
subcutaneous tissue as efficient as skin

& Cosmetologists = improvement of tissue repair

(pressotherapy)

Multidisciplinary natural stress Prospects

< Engineers # Objective qualification of skin behavior

% Biomedical device Design

Functions
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The dlfferent skln samples

e Real material

« 1n vivo » e environment
e Living property

e A copy « man made

_ ] material »
« 1n vitro » e environment

e Living or not living
property

e basic model

« €éX VIVO » e Similar material
e No in vivo environment
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Results

Mechanical conditions of the test

Behaviour easy to identify
(anisotropy non linearity...)

Easy of identification of the

heterogeneity of the sample

No ethical problem

UtIFC 0 e Em‘b“ Sychrov, 4-6 october 2010
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Difficulties
| Specific conditions of « ex vivo »
tissue different from the in vivo ones

Loading history

No reproductibility

Representative sample

v @ ramem Buoo S b
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Extensometer.
[Vescovo 2002]

Multidisciplinary | natural stress| Prospects
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Extensometer results - clinical tests
relaxation and creep tests

Efforts (N) Displacement (mm)
-0,1
o R SOy T T I A T T A O T P S e, o P s IV et e P o /
0.0 10 20 30 40 50 &0 7.0 80 90 10,0 11,0 12,0 13,0 14,0 150 160 17,0 15,0 190 20,0 21,0 22,0 23,0 24,0 25,0 26,0 27,0 25,0 29,0 30,0 31,0 ,00 10 20 3,0 40 50 &D ?ﬂ BD 9'0 Id,O ”'0 150 13:0 !ﬂlﬂ ]5'& Mlll 17'n m'n I'J'D 20"0 ZIIO 2‘4"0 2)"0 24'0 5'& &'0
[~
Time (s) Time (s)

vrc @ romem Buom

[Khatyr 2004]

CLA, Besancon, 2010 october 21



' ' Simulation: Presenting Research Papers in
femto-st i uium

sciences & techogies

=

Multidisciplinary | natural stress| Prospects

« 4 pads device »
[Jacquet 2006]
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4 pads device
diagram e

SENSORS

Multidisciplinary | natural stress| Prospects
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The forearm posture:

compression and extension
right forearm of a40year-old woman L0O=18mm

NO.
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strain (%)

[Jacquet 2006]
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Overview of the anchorage system

Closure plate

—

s-

- -

C(ELer

Temperature sensor

Multidisciplinary | natural stress| Prospects

pad (source Pro-Engineer)

Functions
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Modelisation of the thermal response of

the anchorage system

Numerical prediction of the thermal field

v 2D modelisation of the multilayers material with
different thermal properties

v/ Static and dynamic prediction on the surface and in
the depth of the skin

|dentification of thermal parameters from Infrared
tests.

Validation of the predicted thermal field in the all
skin after 30s and 1mn

Multidisciplinary | natural stress| Prospects

Functions
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Gradient of temperaturein the depth of the skin

constrainedto 0°C at thesurface. 2 layers modelisation
epidermis+dermis
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depth from the surface of the skin (mm)

Functions
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Device validation - Neoprene sample

[Eva Ruvickova 2009]

Reproducibility

Temperature influence

Progressive loadings

Multidisciplinary | natural stress| Prospects

Loading speed influence

Holding time influence

Functions
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In vivo skin tests
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Skin response after frozen anchorage
and mechanical tests (from 30 s to 3 mn).

Compensation time-off:
between 2mn and 1h

No reaction after 3-4hours

urc @ romvem Buon Sychrov. 46 setober 2010
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Conclusion

dIn vivo human skin Biomedical
mechanical devices

1 Modelisation of physical phenomena

. Natural stresses in human skin

] To be continued...

Outlooks

d Harmonic extensometer

 Biaxial test device (TUL czech republic)

d Development of cutaneous substitute (LIBC)
J Optimisation of suture technics (CHU)
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