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INTRODUCTION

Largest organ by surface area
In almost all of the animal
species

Interface between internal body
and external environment

Specialized to undergo various
functions like secretion,
protection, absorption

Skin has a multilayered
structure which can be
considered as a composite with
collagen fibers.
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OBJECTIVE AND METHODOLOGY

« The goal of this work is to form a basis for the possibility of goat skin as a material for
tissue engineering grafts by understanding its mechanical properties and the related
microstructure

Sample

| Preconditioning Mechafnlcal Constitutive
Preparation Testing Modelling

« Skin samples (n=7) of goat

« Rectangular specimens of 40mm length and 20mm
width were excised in vertical and horizontal directions

« 7 specimens in Vertical (V) and 7 in horizontal (H)
direction were obtained

Long Axis : vertical
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MECHANICAL TESTING

« Specimens were loaded into Universal Testing
Machine with a preload of 0.1N

* Preconditioning was done by applying 0.4N
load at strain rate of 20mm/min for 4 cycles

« Uniaxial testing of each sample was at 10
mm/min

National institute of technology, Rourkela




CONSTITUTIVE MODELLING

« Load vs extension data obtained from the mechanical testing
 ‘Isgnonlin’ function is used to fit the data with various hyper-elastic models.

« Strain-energy function of following models were considered:
1. Ogden: w=yN & (/11“1 +2,% + 1% —3)

2
2. Holzapfel-Gasser-Ogden: W = %(11 —3) + %(ekz("* _1) — 1)
2

 The coefficient of determination (r?) is taken as a basis to measure accuracy.
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HISTOLOGY
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Images of skin tissue sections with H & E and Massons trichrome stain. In the Massons trichrome stain collagen
appears blue and muscle appears red.

i Soft tissue biomechanics laboratory, Department of Biotechnology and Medical Engineering

National institute of technology, Rourkela




SEM IMAGING

| 10/25/2018 pressure | mag [J | WD
| 5:20:44PM | 1500kv | 220Pa | 1000 | 108 mm Quanta (FEG)

SEM images of skin cross section
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RESULTS

Rate=10mnm/min

* All the samples showed non-linear | e ,

behaviour, with linear behaviour up to — = ~Vertical ,'
stretch value of 1.3 g 150 ;'

% /’ J

« The anisotropic response is clearly 2 100 [— ,’l ',‘
captured with stiffer response in vertical = 7 4
direction than in horizontal direction °  sof- /,’ ,’I
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Stress-stretch plot of representative sample
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* We calculated elastic modulus at two different regions of the plot.

| Hozontal | \Verica ______

E; (kPa) Ey(kPa) E; (kPa) Ey(kPa)
Average 0.24 £0.32 24.23+20.78 0.21+0.32 19.26+11.71
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Plots of all models fitted with original data
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Model name Parameters Horizontal Vertical Direction

Direction
Ogden 1 (kPa) 0.0240.06 0.919-0.999 0.0140.02 0.995-0.99
a; (=) 51.78+17.65 40.56+11.58 ¥
HGO H(-) 0.33+0.51 8.28E-12+1.38E-11
k,(kPa) 2.02+5.27 0.944—0.999 0.58+0.88 0.991-0.99
ko (—) 4.79+1.89 3.5341.06 ’

Parameter values along both directions. Here u, u; and k, are in kPa, while a; and k, are
dimensionless parameters. r? represents the coefficient of determination.

%1 Soft tissue biomechanics laboratory, Department of Biotechnology and Medical Engineering

National institute of technology, Rourkela




CONCLUSION

Goat skin exhibit non-linear and anisotropic behavior

Microscopic studies also show the presence of collagen fibers which determine the
anisotropic behavior

Constitutive models like Ogden and HGO fitted the experimental data accurately

The model parameters obtained can be combined with finite element modeling and with
simulations for studying skin behavior during mechanical impact, damage and treatment.
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