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ABSTRACT

Background: There were a number of restorative materials, which were fulfilling the requirements of a dental
restorative material partially or somewhat completely with some limitations. 3M ESPE recently infroduced a
new dental restorative material, Filtek™ Silorane, which was claimed to fulfil the main objective completely,
which was even confirmed by the recent studies. In order to make the best available dental restorative
material an ideal restorative material it has to be bioactive. This study has been planned for the invention of
a Silorane based bioactive material. It was proposed to incorporate the known bioactive materials
(Hydroxyapatite and Fluoroapatite) in Silorane and analyze its chemical characterization. The main objec-
five of arestorative dental material is to restore the function and aesthetics of the dental patient.

Methods: Hydroxyapatite and Fluoroapatite were synthesized and incorporated in Silorane by 5, 10, 40, 50
and 60% weight ratio. The resultant samples were chemically analyzed by FTIR and Raman Spectroscopy.

Results: The incorporation of synthesized Hydroxyapatite and Fluoroapatite into Silorane resulted in the
innovation of a new bioactive restorative material. The resultant FTIR and Raman spectra shows that the
Silorane incorporated by 40, 50 and 60% hydroxyapatite and fluoroapatite were altering the chemical struc-
fure of Silorane while spectrum of the samples with 5 and 10% of hydroxyapatite and fluoroapatite shows the
apatites presence without changing the chemical structure of Silorane.

Conclusion: A novel bioactive restorative material was invented by the incorporatfion of synthesized
nano-Hydroxyapatite and Fluoroapatite into Filtek™ Silorane. The chemical characterization showed that
bond was formed between the apatites and siloxane functional groups which results in the best available
dental restorative material.
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INTRODUCTION mechanism, is low when compared with Methacry-
lates, which polymerises via a free radical mechao-

Silorane is named after the functfional groups nism. Several studies proved that Silorane have less

present in the material, Oxirane and Siloxane, has
been infroduced to the dentistry recently. Siloxane
is a recognised hydrophobic material, which
enhances the long-term infra oral physical strength
of the material. Oxirane based resin also known as
epoxy based monomer contain an oxygen ring
molecule'. The polymerisation shrinkage of Oxir-
anes, which polymerises by a cationic ring opening

than 1% polymerization shrinkage which is also
claimed by the manufacturer. In order to sum up,
except being a bioactive material, it fulfils all the
properties of being an ideal restorative material?¢.

Despite manufacturer’s claim and previous studies,
which shows, that Silorane have better marginal
seal than composites’® some studies also claim that
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dental composites have better marginal seal than
Silorane’. Therefore, to invent a bioactive Silorane
based material, it is proposed to incorporate the
hydroxyapatite and fluoroapatite in Silorane and to
perform chemical characterization. Well-known
bioactive materials with excellent biocompatibility
are Hydroxyapatite (HA) and Fluoroapatite (FA),
which contain apatites, which is similar to the
apatites found in human teeth and bones in crystal
structures'®. To prevent the micro-leakage and
other related disadvantages result due to the
polymerization shrinkage of recenfly used dental
restorative materials, incorporation of HA and FA
have been done in several dental restorative mate-
rials fo obtain the required bioactivity and bonding
properties at the tissue-material interface. Hydroxy-
apatite and fluoroapatite are certified osteocon-
ductive material, which binds to enamel and
dentine chemically.

The unique property of a bioactive material is the
formation of the apatite interfacial layer. It is impos-
sible for a material to fulfil the desired chemical and
mechanical properties, for denfal applications.
Therefore, the focus of biomaterial scientists is fo
develop a restorative material with desirable prop-
erties'"”. The biocompatibility and osteo-intfegra-
fion of dental implants is also improved by Hydroxy-
apatite coatings'. Mostly inert materials are being
used nowadays clinically. There have been several
studies to develop an ideal restorative material with
similar bioactive and bonding properties as of
apadatites. It is believed that the mechanical and
bond strength of the material will be modified by
apatites present in the dental restorative material
which will infegrate with the dental structure, if
Hydroxyapatite and Fluoroapatite is incorporated
in the material*®, Enhanced mechanical proper-
fies and bond strength have been reported by
incorporating hydroxyapatite and fluoroapatite in
glass ionomer cement and dental compos-
ites' 12172122 Thjs study's objective was to incorpo-
rate the Silorane with Hydroxyapatite / Fluoroapa-
fite and characterize the obtained material chemi-
cally using FTIR and Raman Spectroscopy.

METHODS

Initially it was proposed to add 40, 50 and 60% of
hydroxyapatite and fluoroapatite in Silorane based
dental restorative material. But large amount of
hydroxyapatite and fluorapatite was observed in
the resultant spectrums of Silorane. Therefore, addi-
fion of 5 and 10% of HA and FA in Silorane was
suggested. The samples were then examined for
chemical characterization under Fourier Transform
Infra-Red and Raman Spectroscopy. The resultant
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spectrums obtained from FTIR and Raman Spectros-
copy were used to deftermine the results. Hydroxy-
apatite and Fluoroapatite were obtained by the
method discussed by Rehman et al. and Khan et
al 2, Silorane FTIR and Raman Spectrum were
compared with the spectrums of Khan et al?. After
dissolving the Silorane in tetrahydrofuran (THF), 5, 10,
40, 50 and 60% of Hydroxyapatite and Fluoroapatite
was added in Silorane by weight. THF dissolved the
Silorane completely; required ratios by weight of
resultant hydroxyapatite and fluoroapatite particles
were then incorporated in the dissolved solution of
Silorane. Evaporation of THF was achieved by
leaving the material overnight in the multiple Petri
dishes of different concentratfions of hydroxyapatite
and fluoroapatite. Resultant material is then exam-
ined by FTIR and Raman Spectroscopy for chemical
characterization.

RESULTS

Silorane was incorporated by Hydroxyapatite in the
proportfion of 5, 10 40, 50 and 60% by weight. The
figure shows FTIR spectrum of hydroxyapatite incor-
porated in Silorane with defined percentages. The
presence of hydroxyapatite is clearly visible in the
structure of Silorane (Figure 1) spectrum. Broader
higher intensity CH3 bands can also be seen in the
sample. OH bands were also seen in all the samples.
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Figure 1: FTIR spectrum of Silorane incorporated with
Hydroxyapatite by 5, 10, (B) 40, 50 and 60 % (A) wt.
ratio.

In Figure 2 O-Si-O bands can be seen at around
1200 cm-' and a lower intensity peak of phosphate
group of hydroxyapatite was observed at 963 cm-'.
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Figure 2: Raman Spectrum of Hydroxyapatite incorporated Silorane with 5, 10, (B) 40, 50 and 60% (A).
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Figure 3: FTIR Spectrum of Silorane incorporated by Fluoroapatite 5, 10, (B) 40, 50 and 60% (A) by wt.
The FTIR spectrum of Silorane incorporated by Fluoro-

apatite with 5, 10, 40, 50 and 60% is shown in Figure 3.
Hydroxyapatite OH peak was not present, but the

well-defined CH, peak af 2915 cm-' can be seen in the
spectrum. The phosphate and O-Si-O peak can be
seen in the similar zones of around 1000 — 1200 cm-'.
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Figure 4: Raman Spectrum of Silorane incorporated with Fluoroapatite. 5, 10, (B) 40, 50 and 60% (A) by wt.

doi.org/10.36283/PJMD8-4/005

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2019, VOL. 8 (04)



SILORANE INCORPORATED WITH HYDROXYAPATITE AND FLUOROAPATITE -TO INVENT A NEW BIOACTIVE RESTORATIVE MATERIAL

28

The Raman spectrum of Fluoroapatite incorporated
in Silorane by 5, 10, 40, 50 and 60% by wt is shown in
Figure 4. The O-Si-O stretching peaks can be seen

around 1200 and 466 cm-'. Low intensity phosphate
bands can be observed at the peak of 263 cm-'.

Figure 5: FTIR Spectrum of Hydroxyapatite incorporated in Silorane by 5 and 60%.

The FTIR spectrum of Silorane and Silorane added
with 5 and 60% hydroxyapatite was compared.
Even though the unique chemical structure of
Silorane was maintained with the fraces of Hydroxy-
apatite in the sample with 5% hydroxyapatite.
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Figure 6: Raman Spectrum of Hydroxyapatite incor-
porated in Silorane by 5 and 50 %.

Raman Spectrum in Figure 6 also presents the same
observation the chemical structure of silorane is
altered by adding 40, 50 and 60% hydroxyapatite
resulting in excess amount of hydroxyapatite shown
in the spectrum. On the other hand, 5 and 10% of
hydroxyapatite did not alter the existing structure of
silorane with fraces of apatite.
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DISCUSSION

Dissimilar quantity of Hydroxyapatite and Fluoroap-
afite particles were mixed in the solution which was
formed by dissolving Silorane in THF. Initially it was
suggested to add 40, 50 and 60% of HA and FA in
Silorane and the obtained samples were then
chemically analysed by FTIR and Raman Spectros-
copy. FTIR and Raman specfrum indicated
increased content of hydroxyapatite and Fluoroap-
atite, which was altering the chemical structure of
Silorane. It was, therefore, recommended to add 5
and 10% of HA and FA in Silorane. This theory can be
described as commercial grade Silorane was used
which is offered by the manufacturer in solid paste
form and is ready to use for dental professionals,
hydroxyapatite and fluoroapatite were added in
40, 50 and 60% as a filler content resulfing in disturb-
ing the filler content of supplied material Silorane.
Even the FTIR and Raman Spectra displayed
increased content of hydroxyapatite and fluoroap-
afite. For this reason a minimal quantity of HA and
FA was suggested to be incorporated i.e., 5 and
10% and the resultant material is characterized
chemically by FTIR and Raman Spectroscopy.

FTIR and Raman spectrum of Silorane incorporated
by 40, 50 and 60% of Hydroxyapatite is displayed in
Figure 1 and 2. Hydroxyapatite can be seen in both
the spectrums which is incorporated in Silorane.
Bands of Silorane and Phosphate group of HA were
observed in the similar spectral zone as described
by Khan et al**. The FTIR spectrum shows clear
existence of hydroxyl group. The bands in the region
of 2915 cm-' indicates the SIOCH, group but appear
slightly distorted. In the region of 550 — 1200 cm-!
Phosphate and O-Si-O bands can be seen. The
Raman spectrum shows a prominent peak of O-Si-O
at around 1200 cm'1 and the region at 963 cm-!
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shows a phosphate peak? 2. Similar chemical prop-
erties were seen in the Raman and FTIR spectrums of
Silorane incorporated with 40, 50 and 60% hydroxy-
apatite, with a little variation in intensities. To invent
a bioactive restorative material was the main
objective of the experiment. The Silorane material
should be bioactive after the incorporatfion of
hydroxyapatite and should also be able to maintain
same chemical, physical and mechanical proper-
fies.

By adding the hydroxyapatite in Silorane we
increased the filler contents up to 60% which may
result in increased bioactivity but may compromise
the mechanical and physical properties because
the filler was already present in the material. This is
the reason it has been suggested to incorporate 5
and 10% hydroxyapatite in Silorane, and the
resultant material is characterized by Raman and
FTIR to check chemical properties. The resultant
spectra show sharp peak of SIOCH, at 2915 cm-!
and incorporation of hydroxyapatite in Silorane with
hydroxyl peak of low intensity. The FTIR specfrum of
Silorane and Silorane added with 5 and 60%
hydroxyapatite was compared in Figure 5. The
spectrum noticeably displays the illustration of 60%
hydroxyapatite incorporated in Silorane with
indicatestraces of hydroxyapatite altering the
O-Si-O structure in 2915 and around 1000 — 1100
cm-' region.

Similar results were obtained when Fluoroapatite
was incorporated in Silorane when compared with
hydroxyapatite incorporated Silorane. Figure 3 and
4 displays the FTIR and Raman spectrum of fluoro-
apatite added in Silorane by 5, 10, 40, 50 and 60%
respectively. Increase in filler conftent resulted in
modified Chemical structure of Silorane when 40, 50
and 60% fluoroapatite was added. The spectrum of
5 and 10% of fluoroapatite did not alter the existing
structure of silorane and shows tracesof apatite. The
concentration of fluoride in the filler matrix may
increase by the addition of fluoroapatite to Silorane
because the material already contained fluoride
ions.

No study was available previously for the reference
of this study as Silorane is infroduced in the market
very recently. The synthesized hydroxyapatite and
fluoroapatite is then analyzed by FTIR and Raman
Spectroscopy for chemical characterization. The
spectrums of HA and FA were confirmed with the
previous studies. Silorane was incorporated by
Hydroxyapatite and fluoroapatite as a filler materi-
al, bioactive nature of a material can be increased
by the addition of additional bioactive material
however the physical chemical and mechanical
properties of the material may be altered, particu-
larly altering the mechanical properties. The filler
content of the material was altered when Hydroxy-
apatite and fluoroapatite used in 40, 50 and 60% by

weight, by changing the chemical structure of the
Silorane. Better results were obtfained when
Hydroxyapatite was incorporated in 5 and 10%
instead of 40, 50 and 60%. Apatites presence was
confirmed without changing the Silorane structure
chemically in the samples with 5 and 10% of
hydroxyapatite and fluoroapatite.

This study confributes in the invention of a novel
bioactive restorative material. Silorane was incor-
porated by HA and FA successfully followed by
chemical characterization. There is a need to
perform several other experiments on Silorane
incorporated by apatites to observe the physical,
mechanical and biological properties of the mate-
rial. As the obtained material showed some bioac-
fivity and remaining properties were not
condensed, the invention can be taken as a break-
through in the field of restoratfive dentistry. And it
would be an added advantage if the mechanical,
physical and bonding properties improve after the
incorporation of apatites.

CONCLUSION

A novel bioactive restorative material was invented
by the incorporation of synthesized nano-HA and
FA into Filtek™ Silorane. FTIR and Raman spectro-
scopic techniques were used to analyse the chemi-
cal structural which showed that bond was formed
between the apatites (OH, Ca and PO) and
siloxane (Si- O - Si) functional groups.
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