Physicochemical properties of polyvinyl alcohol-based hydrogels for cartilage tissue regeneration
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INTRODUCTION

Clinically, cartilage damage due to congenital abnormalities,
disease or trauma is always a significant concern due to the
tissue’s limited ability for self-repair, which may gradually
result in the loss of functionality (Chen and Liu 2016).
Amongst the existing materials to repair cartilage, hydrogels
have been extensively explored, since they have proved their
ability to simulate cartilage tissue better than any other
class. In particular, polyvinyl alcohol (PVA) hydrogels,
which present an excellent biocompatibility, high water
content and permeability, and a rubbery and elastic nature,
have been the focus of a large number of studies (Kenawy et
al. 2014). These materials are highly advantageous for
cartilage repair, providing desirable 3D environments for
growth and proliferation of cells and simultaneously being
able to withstand loads under motion in the human joints.

OBJECTIVES

The objective of the present study was to investigate the
effect of adding a pore forming agent on relevant properties
of physically crosslinked PVA hydrogels, namely the
swelling capacity, thermotropic behaviour, surface
morphology and mechanical performance.
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Performed at 37°C, in unconfined mode. V = 0.1 mm/s.
Limit: F = 50N.

RESULTS AND DISCUSSION
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SEM micrographs of the materials’ surface showed
different porosity patterns. PVA+NaCl samples presented
smaller pores, although a small number of large pores was
also observed.
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The addition of NaCl as a pore-forming agent led to an
increase of the swelling capacity from 661 + 8% to 776 + 7%,
corresponding to equilibrium water contents of 86.9 + 0.1%
and 88.6 * 0.1%, respectively, which are similar to that of
natural cartilage tissue. This agrees with the resulting
fractions of free and loosely bound water, determined from
the observed DSC thermograms, which revealed a higher
percentage for the PVA+NaCl samples (73 + 2%) compared
to the control (66.7 + 0.7%).

BI®&WV AT

BIOMAT Research group RESEARCH GROUP

https://biomatlabgroup.wixsite.com/biomatresearchgroup/

E-mail: andreia.oliveira@tecnico.ulisboa.pt

/N
©
al
=
)
n
n
)
b
p)
0 20 40 60 80 100
Strain (%)
PVA =P\ A+NaCl
100
80 I
<)
S
> 60
>
)
- 40
LL
20 I
0
PVA PVA+NaCl
Samples
m Elastic energy @ Dissipated energy
< 0.3
al
=
N
n
=
- 0.2
©
O
=
)
=
n 0.1
n
)
S
o
=
O
O 0
PVA PVA+NaCl
Samples

In compression experiments, PVA+NaCl samples revealed
to be slightly less rigid and dissipated more energy than
PVA materials. However, both hydrogels demonstrated
excellent deformability and a low compressive modulus.

CONCLUSION

In conclusion, the properties of PVA hydrogels are affected
by the use of NaCl as a pore-forming agent. The presence of
NaCl originated differences in morphology and lowered the
elastic modulus. However, both materials presented suitable
characteristics and are promising to be used as cartilage
repair materials.
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