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ABSTRACT

Replacing missing parts in the maxillofacial area due to congenital or traumatic reasons, still of great interest of clinicians
concerned with this type of prostheses. Unfortunately, materials used for this purpose is still developing and it serves for
relatively short period of time because of limited physical properties. Many attempts to improve the physical properties of
the maxillofacial silicones were witnessed over many years. One of these encouraging attempts was the addition of a variety
of nanoparticles to achieve better physical properties of the facial rubbers. Many studies found that the addition of certain

types of nanoparticles were beneficial in producing facial elastomers with better physical properties.
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INTRODUCTION

Missing parts of the maxillofacial area due to congenital or
acquired reasons like trauma or surgeries can compromise
the life and self-confidence of such patients. In many cases
these defects are large enough to make reconstructive, and
plastic surgery difficult or even impossible, for this reason
a maxillofacial prosthesis that reproduce an acceptable
appearance and function might be the best treatment
choice when the defects are large [1-4]. Many materials
have been proposed for construction of maxillofacial
prosthetic parts like polymethyl methacrylate, metals,
polyurethanes, and silicone elastomers [1,5]. Since their
use in the first-time silicone elastomers became the prime
material for construction of the maxillofacial prostheses
[6]. However, these materials are still developing to meet
the ideal properties required like tear resistance, strong
thin margins, flexibility, color stability, ease of handling, in
addition to the length of time to serve as a maxillofacial
prosthesis. Unfortunately, silicone elastomers used in
construction of these prostheses do not meet these
requirements at a time, and they do not serve for long
period of time, where they serve for about six months due
to changes in their physical properties and color
instability when expose to environmental conditions [7-9].
Many attempts were proposed to improve the properties
of the facial elastomers one of these attempts were the
addition of nanoparticles into the silicon to improve their
physical properties and color stability. Recently,
nanoparticles have attracted more attention, their unique
properties and microstructure made these materials a rich

field for many scientists and researchers concerned with
biomaterials [10,11].

Maxillofacial materials

Macxillofacial appliances are constructed of prosthetic
substitutes such as silicone for replacement of missing
facial parts that are missing due to congenital or acquired
causes. They are often used to restore esthetic and
function and maintain the integrity of the surrounding
tissues, such replacement would have the ability to
enhance better psychological adaptation of patients with
facial defects [6,12]. Some of these materials that are used
for construction of maxillofacial prostheses produce wide
range of clinical outcome, where high quality prostheses
should be produced and the ability of these materials to
resist contamination and environmental factors [9,13,14].

Silicone

The silicones, produced for the first time in 1946, and it
was used as a maxillofacial material for construction of
extra-oral appliances for the first time by Barnhart in
1960, since then the silicone materials became one of the
most popular materials in the field of maxillofacial
prosthetics [13,15,16]. Silicones constitute of an organic
and inorganic elements combination, the method by which
the crosslinking happens is termed vulcanization. silicones
are present in two types, the first one requires heat for
vulcanization (HTV), and the second type vulcanizes
readily at room temperature (RTV) [15].

RTV silicones

It is a type of silicone materials that vulcanizes readily at
room temperature and its hardness ranging from 15-40
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Shore. platinum or a tin catalyst [15]. The properties of
this materials such as high tear resistance, flexibility and
hardness degrees that are comparable with that of the
human tissues and compatibility with the adhesive
agents, increased the popularity of (RTV) in the
construction of maxillofacial appliances [15,17,18].

Cosmesil

Cosmesil is an acceptable and biocompatible material
that can be used safely for construction of the
maxillofacial materials which is a type of silicone
polymer that is fortified by amorphous silica to enhance
the mechanical properties and strength. Maxillofacial
silicone elastomers are the best available materials for
replacing craniofacial defects [19].

High temperature vulcanized silicone (HTV)

HTV Silicones has better mechanical characteristics
precisely tear resistance than RTV Silicones [20]. This
material has addition type of polymerization reaction
which utilizes Platinum salts as a catalyst and
dichlorobenzoyl peroxide as a catalyst for the
condensation type of polymerization. The elasticity of the
(HVT) material is not high when it is compared to the
(RTV) materials, so that it is hardly used when mobile
tissues are involved [21]. It is wusually white,
biocompatible materials that has a considerable amount
of strength especially at the feathered borders of the
prosthesis. The (HTV) silicones have high color and
thermal stability when it is subjected to U.V. light. Heat
vulcanized elastomers shows high values of tensile
strength and tear resistance [8,16,20-22].

Nanoparticles used as additives to facial elastomers

The silicon elastomers that are used in maxillofacial
appliances fabrication gave wide range of clinical
outcome in regard matching of the surrounding tissues
and the ability to keep this matching for longer periods
without being affected by the environmental factors
[12,13]. Nanoparticles of silver was added to the facial
prosthesis, their incorporation was effective in reducing
candida albicans accumulation on the surface of the
prosthesis an addition silver nanoparticle caused no toxic
to the dermal cells of the patients [23]. Other studies
have investigated the effect of titanium dioxide
nanoparticles on the physical characteristics of the facial
elastomers [24-26]. Zinc oxide nanoparticles were added
to the silicon elastomer as another attempt to improve
the internal physical and mechanical characteristics of
the silicon rubbers used for fabrication of maxillofacial
appliances 24, another types of nanoparticles such as
silicone dioxide and Yttrium Oxide, were presented in
many studies as an additives to the facial elastomers.

Physical properties under investigation

Tear resistance

One of the most important physical characteristics of the
maxillofacial prosthesis in clinical respect is the strength

of tear resistance. The maxillofacial rubbers that have
high resistance to tearing forces are highly desirable,
especially, in areas around the nose and eyes due to the
need of thin margins fabrication. The thin borders aid in
blending the borders of a maxillofacial appliance to the
nearby facial tissues. These thin borders are retained
usually with a medical adhesive [27-29]. When the
maxillofacial prosthesis is detached by the patient for
cleaning purposes for example, these feathered borders
are susceptible to a force that could tear these edges. In
such cases the maxillofacial prosthesis could be damaged
permanently and cannot be used anymore and there will
be a need for new prosthesis to be constructed
[27,29-31]. For this reason, many attempts were
conducted to improve the tear resistance of the materials
used for construction of the maxillofacial prostheses. One
of these attempts were accomplished by adding of
nanoparticles to the facial elastomers, TiO2 nanoparticles
were added in many studies to the maxillofacial
elastomers to increase their tear strength, the addition of
TiO2 found to be beneficial in increasing the tear
strength of the facial elastomers, but only when it is
added in certain concentration (2-2.5%) by weight
[26,32], addition in lower concentrations did not have an
impact on the tear strength of the facial elastomer, and an
increased concentrations, may have an adverse effect on
the tear strength. Other studies used different forms of
silica nanoparticles like fumed Si02, TiSiO4, and Ytterium
oxide were also used for the same purpose [33-36]. An
increased tear strength due to incorporation of the TiO2
were explained as the ability of the polymerized silicone
reinforced with nanoparticles to distribute the energy at
the end of the growing cracks, when a tearing force starts
to take place within the polymer, suggesting that the
participation of the nanoparticles in the cross-linking
continuous polymerization reaction of the silicone
elastomer [37].

Tensile strength

The measurement of the tensile strength of the
maxillofacial rubbers offers an idea not only about the
strength of the elastomers but, also about the elongation
ability of the prosthesis before it is breaking down,
where, higher elongation of the facial elastomer is a
desirable property as long as, it means that the
maxillofacial silicone has high ability to flex under
peeling strength and, also the material will bend and flex
in almost the same manner the facial tissues surrounding
the prosthesis does [12,29]. The addition of TiO2, and
TiSiO04 nanoparticles to the facial elastomers significantly
increased the ability of the material to undergo
elongation under tensile stress. Si02, and silica
nanoparticles had the same impact on the elongation
ability and the tensile strength of the maxillofacial
silicone. Ytterium oxide nanoparticles were added to the
silicone used as maxillofacial prostheses, and the results
of the addition of the Ytterium oxide nanoparticles
showed that there is a significant increase in elongation,
and tensile strength of the facial elastomers [26,33-36].
These results were in contrast with the results found by
Cevik and Ersalan (2016) who stated that the addition of
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Silaned Silica Nanoparticles have increased the tensile
strength significantly, while the addition of TiO2 had an
adverse result on the elongation ability and tensile
strength of the facial silicone [32]. The increased tensile
strength and elongation of the maxillofacial silicone can
be explained by the formation of strong chemical bond
between the filler and the facial polymer, this allows the
chains of the polymer to uncoil and slide nanoparticles
increasing the crystallization between the polymer
chains [26].

Hardness

The hardness of the facial silicone is also, a measurement
of the strength of the prosthesis and, flexibility, anyway, it
is essential property in the maxillofacial prostheses that
the silicone used has nearly the same hardness of the
facial tissues surrounding the prosthesis to increase the
harmony between the prosthesis and the tissue around it
[38-41]. An increased hardness of the maxillofacial
elastomers due to addition of the nanoparticles, could be
the result of higher concentration of the nanoparticles
incorporated between the polymer chains, making these
chains less in number which leads to increased rigidity
and penetration resistance of the silicone polymers [33].
Studies conducted which were concerned with
investigation of the effect of the nanoparticles on the
hardness of the maxillofacial silicone elastomers, showed
variable response to the addition of the nanoparticles in
regard to the type of the particles used and their
concentration. Silver dioxide nanoparticles when added
to the facial silicone showed significant decrease in the
surface hardness of the elastomer [42,43]. TiO2
nanoparticles at low concentrations less than 2% by
weight, and high concentrations more than 3% by weight
have decreased the surface hardness of the maxillofacial
silicone, TiO2 at a concentration about 2-3% had a
significant increase in the hardness of the facial silicone
significantly [26,32,34,35,44].

The addition of TiSiO4, Ytterium oxide, and SiO2
nanoparticles showed a significant increase in the
hardness of the maxillofacial elastomers 33-36. ZnO, and
Ceo2 nanoparticles at 2-2.5% by weight have increased
the surface hardness of the maxillofacial silicone [44].

Color stability

The maxillofacial prosthesis should be esthetically
acceptable for the patient [45]. As aforementioned in the
current study, silicone materials could have color stability
more than many other materials used in this field,
however, color stability of the silicone elastomers could
be temporary and may not last for a considerable period
due to natural condition such as weather temperature,
and contamination [30,46]. Factors such as ultraviolet
irradiation from the sun, moisture, temperature, air,
contamination, and dust may have a great impact on the
color stability of the maxillofacial prosthesis [47,48].
Many studies have investigated the role of addition of the
nanoparticles on the color change resistance of the
maxillofacial silicone under specific conditions that
simulates the natural weathering factors. The addition of

ZnO nanoparticles, in many studies which found that this
addition can significantly increase the color change
resistance of the maxillofacial silicone [49-51], the
addition of AgO2 nanoparticles had insignificant impact
on the shade stability of the maxillofacial silicones [42].
On the other hands many studies showed that the
addition of TiO2 nanoparticles can increase the color
stability of the facial silicones [52]. Reflection and
scattering of a great amount of UV light present in the
sunlight because of the presence of nano oxides due to
their ability to reflect and scatter the UV rays because of
their high refractive index [53].

CONCLUSION

Under the limitation of the current study the following
can be conclude:

The addition of different types of nanoparticles have
improved physical properties of the facial elastomers in
addition to better stability of the color of these
elastomers.

The addition of nanoparticles should be at certain
concentrations recommended by many authors
otherwise, an adverse effect might be evident.
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