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Abstract
Two biaxial mechanical test methods

were devised to compare their suitability for
the mechanical characterization of soft bio-
logical tissues with the least possible tissue
waste. Nanoindentation was used to explore
the microscopic properties of the tissue and
to overcome the macroscopic test limita-
tions.

Introduction
The bovine pericardium is a widely

used biomaterial for the reconstruction of
heart valves.1 Investigating the mechanical
properties of the tissue is a crucial task for
prostheses design, and it is usually per-
formed through biaxial tensile tests.
However, specimen variability is highly
considered in specimen selection for tests,
which causes the exclusion of most of the
tissue.2,3 Furthermore, since the pericardi-
um is stiffer in the collagen fibers direc-
tion4,5 the Extracellular Matrix (ECM)
structure is an important property to consid-
er before macroscopic mechanical tests, and
the nanoindentation of the surface can pro-
vide information about the fiber orientation.

This study aims to develop a standard-
ized combined multiscale method to inves-
tigate biological soft tissue mechanical
properties, limiting specimen-to-specimen
variability and avoiding tissue waste.

Materials and Methods
Samples of bovine pericardium were

decellularized and cut in 15×15 mm2

square-shaped specimens. The thickness
was measured through a digital caliper at 5
points in the central region of each square,
and the mean value was considered as the

thickness of the specimen. Nanoindentation
tests were conducted in the central region of
each specimen using a commercial nano-
indenter (Piuma, Optics 11, Netherlands).
Indentations were performed in a 50×50
matrix with a 200 µm step size in each
direction, resulting in a 10×10 mm2 surface
of indentation. The tests were performed
using a probe with 4.36 N/m stiffness and
43.5 µm tip radius, and the indentation
depth was set to 2000 µm.

A load-controlled and a displacement-
controlled protocol were devised and com-
pared to investigate the more reliable
macroscopic testing method. In both cases,
sixteen equally spaced sutures were placed
on the edges of the specimen and connected
to four grip fixtures on the Planar Biaxial
TestBench Instrument (TA Instruments,
USA). Four small markers were drawn in
the central region of each specimen before
the test for optical strain computation
(Figure 1), which is highly recommended to
avoid mechanical interference.6 All nanoin-
dentation and biaxial tensile tests were per-
formed in wet conditions, soaking the spec-
imens in a PBS bath at a temperature of 
37 °C.

Results
The adopted technique allowed a rapid

measurement of the thickness, which avoid-
ed excessive dehydration of the specimens
during the process. The nanoindentation
protocol provided a non-destructive method
to compute the surface elastic modulus of
the tissue. 

The load-controlled test resulted not
repeatable and hard to control because of
the high specimen variability. Such type of
control, indeed, requires specific
Proportional-Integrative-Derivative (PID)

control parameters, which are computed
through a tuning on the specimen before the
test. However, the parameters computed
with the tuning, could not be valid for other
specimens, depending on their characteris-
tics (e.g. the thickness and the fiber orienta-
tion). This caused instability of the control
system and the consequent unexpected
destruction of some specimens. Since a
specimen-specific tuning was not necessary
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Figure 1. Pericardium specimen test setup.
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to obtain a stable control, the displacement-
controlled test resulted to be more repeat-
able and easier to exploit. The test consisted
of five equibiaxial (i.e. with the same dis-
placement in the two planar directions) pre-
conditioning cycles of elongation, followed
by five cycles with different displacements
applied along the two directions (Figure 2).

Discussion and Conclusions
This work provided a reliable mechani-

cal multiscale testing protocol for bovine
pericardium and soft biological tissues,
which can be exploited for future investiga-
tions and constitutive modeling with a
diminished waste of animal biological
material. Further improvement of the proto-
col may be obtained considering an optic
technique for determining material axes
(i.e. the collagen fiber orientation), such as
Small-Angle Light Scattering (SALS).
Furthermore, more accurate optical strain
computation could be achieved using the
Digital Image Correlation system (DIC). 
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Figure 2. Biaxial testing protocol. Disp 1 and Disp 2 are the displacements applied along
the preferred and cross-preferred fiber orientations, respectively.

Non commercial use only




