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ABSTRACT

In the present study, Hyrid polysiloxane systems were prepared and studied in order
to be fully characterized in terms of their thermal and mechanical properties. Another target
of this study was the confirmation of their biocompatibility, for further use in biomedical
applicatons. Polysiloxanes are being widely used in biomedical applications, given their
thermal and oxidative stability at high temperature conditions, as well as their capability of
maintaining their flexibility and elasticity at low temperatures. However, thechanical
properties characterizing them do not meet the requirements of biomedical applications. In
the interest of meeting these parameters, the composition of hybrid systems takes place,
using hydroxyl terminated polysiloxane, following condensatiorctiea, as polymer matrix,
in which inorganic nanoparticles have been incorporated. The incorporation of the-nano
dimensioned filler, even in small proportions, has an ameliorative effect on the resulting
system, without affecting its basic chemical composi This qualitative ranking of the used
fillers, promotes the achievement of even greater biocompatibility of hybrid systems, since
Ay GKS CTAYy @A@2n aeadsSvyazr OStfta AyidSNI Oi
dispersion of the nanoparticlea the elastomeric matrix was achieved using ultrasound aid
instrument. The fillers that are being characterized as long as their thermomechanical
properties are concerned, are nanoparticles of silica (Aerosil 130), modified with dimethyl
dichlorosilane dica (Aerosil R972) and bioactive glass (BG). The hybrid systems, studied for
their biocompatibility, also include nanoparticles of two commercial types of organically
modified montmorillonite (Cloisite 20A, Cloisite 30B) and hydroxyapatite (HA).

The effect of the filler on the vulcanization process is a key parameter for designing
nanocomposites, as it affects the manner and time of molding and, furthermore, the
structure and properties of final products. There is a limited number of reports én th
literature, concerning the effect of filler on the vulcanization process of elastomers and
more specifically of polysiloxanes. In this study, the effect of Aerosil R972 inorganic
reinforcing nanopatrticles on the curing reaction of condensation type PB&4Sstudied by
Brookfield viscometer and differential scanning calorimetry (DSC). From the results of the
above study, it was found that the introduction of this filler, leads to faster reaction rate and
completion, compared to that corresponding to purelysiloxane. It was observed that a
decrease of the enthalpy of crystallization takes place, due to the increase ofliciasg
sites, which restricts the mobility of free chain ends. A reduction of the reaction rate for pure
PDMS was observed for thesfi 200min, followed by an acceleration of the reaction,
whereas the hybrid system showed a rather linear progress of the -irdgsg reaction.
Furthermore, modified silica greatly accelerates the reaction, as compared with the system
of pure polysiloxae.
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From thermogravimetric analysis (TGA) it was found that the incorporation of the two
types of silica and of the bioactive glass to the polysiloxane matrix, led to a reduction of
thermal stability compared to pure polysiloxane.

As observed by DSC, tharoduction of the three types of fillers used in this work
provokes a small tendency of decrease in the crystallization and melting enthalpies of the
nanocomposites as compared with pure silicone, whereas the glass transition and melting
temperatures reman slightly intact.

In order to study the mechanical properties of the polysiloxane nanocomposites,
tensile stress tests were conducted. The addition of silica to the polysiloxane
nanocomposites leads to higher increase of the tensile stress as well as of the modulus of
elasicity, compared with that of composites with modified silica, while the incorporation of
bioactive glass does not contribute to the reinforcement of the matrix. Although, the
modulus of elasticity of the elastomeric matrix remains almost stable by thetiaddof
bioactive glass nanoparticles, elongation at break is greatly increased, compared with the
hybrid systems of the two types of silica.

The incorporation of silica nanoparticles led to a higher improvement of resistance to
tearing of pure PDMS, coraped with the bioactive glass nanoparticles, whereas modified
silica did not affect its resistance to tearing.

¢KS adz2NFI OS KINRyS&daa 2F (GKS yly202YL2aAi
the incorporation of modified silica in the highest concextitbn examined led to a higher
value, compared with pure PDMS.

In order to explore the effect of the polysiloxane network density on the properties of
the reinforced hybrid systems, swelling experiments in toluene at room temperature were
run. From these xperiments, a decrease in the percentage of swelling, with the
introduction of all types of fillers, was observed, while this decrease was enhanced as the
concentration of nanofiller increased. A smaller decrease in the swelling ratio of composites
reinforced with bioactive glass was observed, in comparison to the nanocomposites of silica
and modified silica, that led to a significant decrease of swelling ratio, in comparison with
the pure polysiloxane.

Regarding the conduct of Dynamic Mechanical AnalyBMA) in the examined
polysiloxane systems at the given temperature range, the incorporation of the
reinforcement fillers in the ratio of 2 phr, leads to a reduction of glass transition
temperature, while in the ratio of 5 phr, to an increase. In the rati® phr, it was found
that the nanocomposites of Cloisite 30B show significant enhancing effect in storage
modulus, followed by those of Aerosil 130 and BG, with behavior similar to pure silicone,
while those of the modified silica nanoparticles lead toeduction of the storage modulus.

In the ratio of 5 phr, it was found that in the examined temperature range the incorporation
of BG and Cloisite 30B nanoparticles did not have a reinforcing effect in the storage modulus
of the elastomeric matrix. In cordst, hybrid systems Cloisite 20A/PDMS and Aerosil
130/PDMS showed the largest increase in the storage modulus. Reinforcing, but to a smaller
extent appeared to be the nanocomposites of modified silica and hydroxyapatite.

All the examined polysiloxane natmmposites were tested for their behavior in
selected biomedical applications, considering biocompatibility and other critical design
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parameters.

Immersion in simulated body fluid experiments was performed, in order to identify the
creation of hydroxyapate on the surface of the material, for the-intro investigation of
bio-compatibility of the hybrid polysiloxane systems. The presence of calcium phosphate
after 40 days of immersion in the fluid is ascertained by the results obtained by scanning
electron microscopy. This behavior is also confirmed by FTIR. Scanning electron microscopy
coupled with elemental analysis EDAX, showed hydroxyapatite surface cores, in all the
examined systems, particularly after 40 days of immersion in the solution. This abserv
is important because the formation of hydroxyapatite layer favors the interfacial bonding of
polysiloxane prostheses and implants with the surrounding bone and soft tissues.

Finally, the cell viability (fibroblasts 3T3 and osteoblasts MG 63) wasrperd by the
quantification of active mitochondrions in the studied cells (MTT assay) and by the study of
cells morphology with an optical microscope. From the obtained results, it is indicated that
the presence of all examined fillers leads to an incredszell viability as compared with the
environment of pure polysiloxane, leading at the same time to strong cell attachment,
especially after the first 24 hours. In addition, biocompatibility was correlated with the type
of filler and the type of the examed cell cultures.

Consequently, the use of the appropriate type of inorganic nanopatrticles as biomedical
silicone filler might ensure highly upgraded thermal stability, high mechanical strength as
well as biocompatibility similar to that provided by othbioactive fillers (hydroxyapatite
and bioactive glass). Bioactive glass is a new alternative for the modification of biomedical
polysiloxanes, despite the fact that it does not significantly improve the mechanical behavior
but enhances biocompatibilityfgolysiloxane matrix.
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Cranial Repair
Bioactive Glasses
Keratoprostheses (Eye Lens)
AloOg
Otolaryngoiogical Implants
Al203
HA
Bioactive Glasses
Bioactive Glass-Ceramics
Bioactive Compositas
Maxillofacial Reconstruction

AlzO3

HA
HA-PLA Composite
Bioactive Glasses
Dental Implants
Al,Og
HA, HA Coating
Bioactive Glasses
Endodontic Sealing
Ca(OH)p
Bioactive Glasses
Aiveolar Ridge Augmentation
Alz03
HA; TCP
HA-Autogenous Bone Composite
HA-PLA Composite
Bioactive Glasses
Periodontal Pocket Obliteration
HA
HA-PLA Composite
TCP
Calcium and Phosphate Salts
Bioactive Glasses.
Percutaneous Acces Devices
Bioactive Glass-Ceramics
Bioactive Glasses
HA
Pyrolytic Carbon Coating
Bioactive Composite
Artificial Heart Valves
Pyralytic Carbon Coatings
Spinal Surgery
Bioactive Glass-Ceramic
HA
lliac Crest Repair
Bicactive Glass-Ceramic
Bone Space Fillers
TCP
Calcium and Phospahate Salts
Bioactive Glass Granules
Bioaclive Glass-Ceramic Granules
Orthopedic Load-Bearing Applications
AlzOg
Zirconia
PE-HA Composile
HA Coating on Metal
Bioactive Glass-Ceramic Coatings on Metal
Orthopedic Fixation Devices
PLA-Carbon Fibers
PIA-Calcium Phosphate-Based Glass Fibers
Artificial Tendon and Ligament
Carbon-Fiber Composite
Joints HA
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