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ABSTRACT

The skin is a highly anisotropic multilayer tissue, and the analysis of its characteristics has been
studied for decades without finding a definitive model. Nowadays, both models and skin substitutes
are needed to supply the necessities in surgery simulators, video games, and animation industry. In
this study pig skin samples from a local store were used due to the similarities between the pig and
human skin. The hypodermis was removed, and the skin was dissected in specimens of
approximately 6 mm x 12 mm. The specimens were tested in a Shimadzu AG-X universal testing
machine with three replicates. Having as a reference the tests performed to pig skin, latex resistance
bands are proposed as mechanical substitute for human skin and its viability is evaluated in this
study. Uniaxial tensile tests were carried out to C-type dumbbell specimens according to ASTM
D412 standard using seven latex resistance bands (their rigidity are differenced by colors). The
constants for Veronda Westman hyperelastic model for both materials were obtained by an
optimization process carried out in FEBio Suite. Using the deformation energy as comparative
factor, this kind of band could not replace mechanically human skin in assessing scenarios and
applications described above.
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ANALISIS DEL COMPORTAMIENTO MECANICO DE BANDAS DE RESISTANCIA COMO
SUSTITUTO DE LA PIEL HUMAN EN ENSAYOS MECANICOS

RESUMEN

La piel humana es un tejido multicapa altamente anisotrdpico, el andlisis de sus caracteristicas ha
sido estudiando por afios con el fin de encontrar un modelo definitivo que describa su
comportamiento. Actualmente se necesitan modelos y sustitutos para suplir las necesidades de
simuladores quirargicos y en industrias como los video juegos y la animacion. En este estudio se
usaron muestras de piel de cerdo adquiridas en una tienda local debido a las similitudes entre la
piel de cerdo y la piel humana. Se seccionaron tres muestras de 60 mm x 120 mm a las que se le
removio la hipodermis y fueron evaluadas en una maquina universal Shimadzu AG-X. Teniendo
como referencia los ensayos realizados en la piel de cerdo, se estima la viabilidad de las bandas de
resistencia elaboradas de latex como sustituto mecénico de la piel humana. Se realizaron ensayos
de traccion en siete diferentes bandas de resistencia (su rigidez esta definida por el color) utilizando
un perfil C de acuerdo con la norma ASTM D412. Tanto para las muestras de piel de cerdo como
para las bandas de resistencia se obtienen las constantes para el modelo hiperelastico de Veronda
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Westman usando la Suite FEBio. Empleando la energia de deformacién como factor comparativo,
se determind que las bandas de resistencia elaboradas de latex no podrian reemplazar la piel
humana en los escenarios y aplicaciones descritas anteriormente.

Palabras clave: Piel humana, piel de cerdo, Bandas de resistencia, ensayo uniaxial, hiperelasticidad

1. INTRODUCTION

The human skin is the interface of the human body in the communication with the environment,
this helps to understand all our surroundings [1-3]. In these interactions the human skin is under
pressuring, stretching, scratching among other [4], and including to those factors the changes in the
temperature and humidity in the environment could generate some issues in the skin. Irritation,
blisters, red skin, deep tissue injure, and wounds are some of these possible issues [5-8]. To avoid
those kind of problems numerical and experimental studies have been carried out to understand the
behavior of the human skin. These studies led to develop accurate models to evaluate solutions to
issues by the skin interactions and supply the necessities in surgery simulators, video games, and
animation industry [5, 7, 9,10]. This kind of models give supports to find substitutes for the human
skin, that reproduce its mechanical behavior to calibrate machines for testing before to assess
contacts with new surfaces and devices onto human skin or to teach sutures and surgical procedures
in medical schools [11-14]. Latex resistance bands are proposed as mechanical substitute for
human skin and its viability is assessed in this study, and it is compared its behavior in Uniaxial
tensile tests with pig skin due to the similarities between the pig and human skin [15-17]. The
constants for Veronda Westman hyperelastic model for both materials were obtained by numerical
methods.

This article is organized as follows, in Section 2 the experimental and numerical setup is described,
the viability of the latex resistance bands as mechanical substitute of human skin is discussed in
Section 3 and the conclusion of this work are presented in the Section 4.

2. METHODS

To assess the viability of the latex resistance bands as mechanical substitute of human skin the
following procedures were carried out

2.1. Experimental setup

Tensile tests were performed in pig skin and latex resistance bands specimens, and their behavior
were compared to assess the viability of the latex resistance bands as mechanical substitute for
human skin, the methodology used is described below.

2.1.1 Pig skin samples

Due to the similarities between pig and human skin was used as reference, it was bought from a
local store. The hypodermis was removed, and the skin was dissected in specimens of
approximately 60 mm x 12 mm. Uniaxial tension test were carried out in these samples using a
Shimadzu AG-X Series universal testing machine with a 50 kN load cell exceeding a strain of
100%. A deformation rate of 10 mm/s was selected for this test as previous studies performed in
human skin by Lapper et al [11].

65



Diosa, Juan G.; Guzman, Manuel A.; Chica, Edwin L.; Moreno, Ricardo. Revista Colombiana de Materiales, No 15, pp. 64-69,
2020.

2.1.2 Latex Resistance bands specimens

Latex resistance bands of seven colors (yellow, red, green, blue, black, gray, and mustard) were
cut in dumbbell Type C specimens according ASTM D412, Standard Test Methods for Vulcanized
Rubber and Thermoplastic Elastomers—Tension [18]. All tests were done using a Shimadzu AG-
X Series universal testing machine in a random sequence previous prepared in R 3.6.1 (R
Foundation) using maximum strain of 100% under 10 mm/s of deformation rate.

2.2. Numerical analysis

To have a quantitative reference in the comparison between Pig skin and Latex Resistance Bands,
the constants of Veronda — Westmann hyperelastic model are assessed by numerical analysis. The
Hyperelastic model is described by the equation jError! No se encuentra el origen de la
referencia. [19]:

C,C
L2 (1, - 3) + g13) @

w = Cl(ecz(11—3) — 1) —

Where C1 and C2 are parameter determined from experimental studies, I1, I2and Iz are the invariants
of the Cauchy — Green deformation tensor C, and Finally g is a function of incompressibility that
depends on Bulk modulus k. This analysis was performed in FeBio Suite (MRL The University of
Utah, MBL Columbia University) [20].

2.2.1 Pig model

The Pig skin model is created on preview 2.1 (MRL The University of Utah, MBL Columbia
University). This monolayer specimen of 10 mm x 6 mm x 2.5 mm was discretized using FEBio
Hex8 elements, described by 2223 nodes and 1728 Elements. In one end of the sample was
established fixed Displacement, and the opposite side a Prescribe displacement in x axis was
imposed (Figure 1a).

2.2.2 Latex Resistance Bands specimens numerical model

The geometrical representation with FEBio Hex8 of the latex resistance bands was created with a
custom Python script (Python software Foundation). The script generates a monolayer with the
specific thickness for each color. The mesh has 854 nodes and 852 Elements, and as the case of pig
skin hyperelastic behavior using Veronda — Westmann model was chosen. Fixed Displacement on
the left zone were the grips are in contact with the specimen, in the right zone a Prescribe
displacement in x axis rig (Figure 1b).
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Figure 1. Boundary conditions in the numerical studies: a) Pig Skin and b) Latex Resistance Bands.
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3. RESULTS AND DISCUSSION

The strain stress curve for both Pig Skin and the Latex Resistance Band are presented in the Figure
2, According with this figure, the resistance bands have different trend than the pig skin, being the
pig skin more rigid than the bands.
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Figure 2. The strain stress curves: a) Pig Skin specimens and b) Latex Resistance Band specimens.

The constants for Veronda Westman hyperelastic model for both materials Pig and Latex resistance
band obtained by an optimization process in FEBio Suite are shown in the Table 1. Using those
parameters as comparative factor, any of the bands evaluated have similarities in the magnitudes
in the reaction forces with skin.
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Table 1. Parameters for pig skin and latex resistance bands for Veronda Westman.
Code Color Thickness(um) C1 C2 K

Pig 2350 0.01 1.95 100
Yellow 150 1.01 055 2
Red 220 1.01 058 2
Green 250 1.1 o077 2
Blue 315 1.2 07 2
Black 380 1.1 04 2
Gray 540 12 056 2
Mustard 650 12 051 2

4. CONCLUSIONS

There are no differences in the deformation energy among deformation rates latex resistance bands,
there are significant statistic differences among colors in the deformation energy being this factor
who influence the most in the model. The interaction between both factors Color and deformation
rates has no influence. It is necessary to continue looking for a material to replace the human skin
in assessing scenarios and applications, a candidate for this task could be the polyurethane, due the
characteristic of its structure and the way how could distribute the energy.
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