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KEYWORDS Abstract The aim of this work was to obtain an efficient protocol with a green, fast and facile way
Green synthesis; to synthesize TiO, NPs and its application as fillers for enhancement of desired dental properties of
Microwave synthesizer; light curing dental composites.

TiO, fillers; A comparative study comprised the fabrication of light curing restorative composite materials
Light curing resin materials; with incorporating different fillers with varying wt%, varying resin material composition, to deter-
Mechanical strength; mine optimal dental restoration by focusing on the physical properties of dental materials. It was
Characterization observed that the as-prepared green synthesized TiO, nanohybrid particles contributed to the

improvement in physical properties, thus promoting the green and rapid synthesis of nanohybrid
fillers. In addition, mechanical values for experimental cured resin materials with bare and surface
modified fillers were obtained. The experimental light curing nanocomposites with 5 wt% (wt%)
nanohybrid surface modified filler particles with BisGMA (60 wt%), TEGDMA (20 wt%) and
UDMA (20 wt%) resin composition provided increased physical strength and durability with
higher compressive stress 195.56 MPa and flexural stress 83.30 MPa. Furthermore, the dental prop-
erty, such as polymerization shrinkage (PS) obtained from volumetric method was decreased up to
3.4% by the addition of nano-hybrid fillers. In addition to this, the biocompatible and antimicrobial
nature of TiO, and its aesthetics properties such as tooth-like color makes TiO, favorable to use as
fillers.
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This study presents a green and facile method for the synthesis of TiO, nanohybrid particles that
can be successfully used as fillers in an experimental light curing resin matrix for enhancing its den-
tal properties. This describes the potential of the green synthesized TiO, nanohybrid particles to use

as fillers in restorative dentistry.

© 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Tooth decay or dental caries have historically been considered
as a common oral problem and is still a public health concern
(Prasai Dixit et al., 2013). It occurs mainly due to acid attack
from food and bacteria buildup (Featherstone, 2008). ‘Silver
Filling’ i.e., dental amalgam containing Hg, Ag, Sn, and Zn
(Bharti et al., 2010) has been used as one of the remedies for
tooth decay for more than 150 years for filling the cavities
(Rathore et al., 2012). But because of harmful and poor aes-
thetic properties, amalgam became an unfavorable choice as
a dental filling material. It affects the brain and kidney func-
tioning because of the release of mercury vapors (Molin,
1992). In modern dentistry, amalgam materials are being
replaced by composite materials such as light curing dental
composite materials and are being widely spread due to their
numerous advantages (Wu et al., 2014). They comprise mainly
polymerizable resins, filler particles that are coated with silane
coupling agents and photo-initiators (Karabela and Sideridou,
2011). Continuous research and development are going on in
this field to improve the chemical, physical, particularly the
mechanical properties (Ashour Ahmed et al., 2016), aesthetics
(Yuetal., 2009) of these composites. This can be done by alter-
ing the parameters such as the type of resin (Ferracane, 1995;
Gajewski et al., 2012), and type of fillers (Habib et al., 2016;
Miao et al., 2012b), etc. Enhancement of mechanical proper-
ties mainly depends on filler factors such as size, shape, and
concentration of fillers. Alternatively, new filler particles can
be developed (Chevigny et al., 2011) in this field. Filler size is
one of the several parameters affecting the overall properties
of composite resins (Rastelli et al., 2012).

Nanotechnology has been introduced in the dental field
through the production of functional structures in the range
of 0.1-100 nm by various physical or chemical methods
(Rinastiti et al., 2011). From the past few years, the commer-
cial materials more often possess nanofillers that are claimed
to provide superior mechanical properties (de Oliveira et al.,
2012). There are various kinds of light curing restorative mate-
rials that are available in the market comprising with varying
fillers such as nanofilled composite (Khurshid et al.,2015)
macro-sized fillers (Filtek Supreme Ultra™), bioactive fillers
(Beautifil II™), hybrid fillers (Venus pearl™) and nano-sized fil-
lers (Tetric N-Ceram Ivoclar™). These materials have satisfac-
tory mechanical strength and majorly consist of the filler
powders of Si (Balos et al., 2013), Al (Arora et al., 2015), Zn
(Seving and Hanley, 2010), Zr (Guo et al., 2012) etc. with more
than 50 wt% content (Torii et al., 1999). However, there is still
a need to overcome the problems of composite materials such
as erosion, brittleness, moisture sensitivity, etc (McCabe and
Walls, 2013). Titania nanopowder was chosen for this research
as it supplies high strength (Awang and Wan Mohd, 2018) to
the matrix and has a tooth-like color, good antimicrobial

properties (Piskin et al.,2013), hydrophilic and self-cleaning
nature (Banerjee et al., 2015) to dental materials of the com-
posites. Conventional synthesis methods such as sol-gel
(Bessekhouad et al., 2003), thermal decomposition (Moravec
et al., 2001), sonochemical (Neppolian et al., 2008) and aerosol
formation (Huisman et al., 2003) are time-consuming methods,
require harmful chemicals (Tarafdar and Raliya, 2013) and
possess higher analysis cost. One of the alternatives to this
method is the green synthesis of NPs using renewable sources
such as plants (Iravani, 2011). Our work focuses on the effi-
cient method of synthesis of Titania NPs with fruit peel extract
and microwave synthesizer to lower the environmental-
economic impacts and to promote green chemistry in the field
of synthesis of nanoparticles.

Citrus aurantifolia, also known as ‘Key lime’, is a multipur-
pose fruit and a rich source of phytoconstituents (Gattuso
et al., 2007). Phytoconstituents are responsible for the synthe-
sis of nanoparticles (NPs) during reduction reactions
(Santhoshkumar et al., 2017). All phytoconstituents synergisti-
cally act as reducing agents and capping agents (Madhumitha
et al., 2012) that allow the controlled growth, stability and via-
bility of NPs. Citrus peels can be used in the experimental pro-
tocols for the synthesis of NPs (Wilson, 1921). The current
research work focuses on the synthesis technique of the TiO,
fillers and their possible use in light curing dental composite
materials.

2. Materials and methods

2.1. Materials

C. aurantifolia fruits were collected from a source tree in Bordi,
district Palghar, Maharashtra. Peels were dried in an electric
oven at 45°C, finely powdered and sieved (Bansal et al.,
2014). Isopropanol, toluene, tetrahydrofuran (THF) and
liquor NH; were commercially available from Alfa Aesar,
Mumbai, India. Bisphenol A glycidyl methacrylate (BisGMA),
triethylene glycol dimethacrylate (TEGDMA), urethane
dimethacrylate (UDMA) and glycidyl methacrylate (GMA)
were purchased from Sigma, Mumbai, India. Aminopropyl tri-
ethoxysilane (APTES) and photoinitiator camphorquinone
(CQ) were purchased from SRL, Mumbai, India.

2.2. Green and rapid synthesis of TiO, NPs

Fruit peel extract of C. aurantifolia was prepared in 10 mL of
anhydrous isopropanol by taking 4 g dry powder of the peels.
It was then heated to 50 °C under constant stirring for the
extraction process in a CEM microwave synthesizer (Zhu
and Chen, 2014). The pH of the solution was made alkaline
by the addition of liquor NHj3 until the pH reached 10. The
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precursor of Ti i.e. titanium isopropoxide Ti {OCH (CHj3),}4
was added to the plant extract during stirring. The solution
was then treated under a CEM closed vessel microwave syn-
thesizer at 60 °C for 2 min with the power of 40 W. Evenly dis-
persed solid particles were produced, indicating the production
of NPs. NPs were washed with acetone thrice and calcinated at
450 °C to obtain the final product i.e. green synthesized TiO,
NPs i.e. gTiO, NPs.

2.3. Surface modification of gTiO, NPs

For surface modifications, 1 g solid gTiO, NPs was dispersed
in an enclosed vessel with anhydrous xylene under sonication
for 1 h. The nanoparticle suspension was kept at 40 °C under
continuous stirring and APTES was added dropwise. The pro-
cedure was continued for 5 h. The suspension was then cen-
trifuged following which the filtrate was removed and
washed with xylene and finally with acetone thrice. The residue
was dried in an oven at 60 °C for complete drying. The dried
residue obtained was nano-sized (~40 nm) APTES modified
gTiO,. APTES-modified gTiO, NPs were then dispersed in
anhydrous THF under sonication and then, GMA was added
dropwise under continuous sonication for 15 min. The suspen-
sion was refluxed at 60 °C for 2 h. The suspension was cen-
trifuged; the filtrate was removed and washed with
anhydrous acetone. The process was repeated thrice and then,
the residue was dried at 60 °C. The schematic for preparation
of GMA-modified gTiO, NPs (mTiO,) is shown in Fig. 1. The
same procedure was repeated with the commercially available
titanium dioxide extra pure i.e. microparticles, titanium diox-
ide nanopowder (~7 nm) i.e. nanoparticles and the mixture
of both i.e. microhybrid particles (SRL, Mumbai, India) for
comparison.

2.4. Fabrication of light curing nanocomposite resin material

Experimental light curing resin materials were fabricated as
shown in Fig. 2 by mixing different composition of resins, dif-
ferent types of fillers, different amounts, etc. as shown in
Tables 1-5, thoroughly for about 6h. In addition, CQ
photo-initiator (2 wt% of the monomer) was added and mixed
with the resin matrix using sonication to remove the air gaps in
the resin if any. The mixture was then hand mixed rigorously
to achieve complete mixing and sonicated again by wrapping
the container with aluminum foil to prevent the exposure to

OH
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APTES-modified gTiO, GMA

Fig. 1

light. The materials were prepared in the dimensions required
for conducting the specific tests namely compressive, flexural
and percentage polymerization shrinkage (% PS) tests. The
specimens were prepared in teflon molds of circular and/or
rectangular shape. The resin mixture was filled into the molds
and sonicated to remove the air bubbles if any. The surface
was made smooth by keeping mylar strips™ on it with a glass
chip and cured with halogen light of 400-500 nm waveband
(3M ESPE Elipar™2500). The rectangular molds were used
for mechanical tests and circular mold was used for polymer-
ization shrinkage.

The light curing machine was held at a distance of 2 mm
from the surface of a resin material and cured for 100 s. For
samples with a depth of more than 2 mm, the material was
cured of both sides for 120 s each to attain complete curing.
These samples were prepared in cylindrical molds of dimen-
sions (25 x 2 x 2) mm. For %PS tests, different samples in
the circular molds of 7 mm height and 11 mm diameter were
prepared. The sample dimensions were calculated and all the
experimental samples were kept in distilled water for about
7 days (Thakur et al., 2017) before the analysis. Different sets
were prepared by changing the parameters that affect the phys-
ical properties of the composite materials such as size of the fil-
lers (Foroutan et al., 2011; Shinkai et al., 2018), amount of
fillers (Rastelli et al.,2012), resin matrix (Zhang and
Matinlinna, 2011) and surface modification of fillers (Wu
et al.,2014). Experimental specimens were divided into 4 sets
as mentioned below in Table 1.

The experimental samples were used for mechanical studies
i.e. highest compressive, flexural stress and %PS.

2.5. Characterization

Physicochemical characterization of green synthesized
nanoparticles and nanocomposite materials was performed
by various techniques, namely, dynamic light scattering
(DLS), X-ray diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FTIR) and Electron Microscopic Techniques.
For DLS measurements, samples were diluted in EtOH to
0.1 wt% and data were obtained on DLS model Malvern
Nano-ZS (mastersizer software) (Manufacturer- Malvern,
United Kingdom) automatically at room temperature. XRD
data was obtained by using PANalytical X’pert powder
diffractometer (Manufacturer-Philips, Almelo, Netherlands)
with the 2Theta values ranging from 20 to 80° using a Cu-
Ko source of wavelength of 1.54 A. The crystallite sizes were
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Table 1
experimental samples.

Dental Composite
Material

Empty rectangular
mold

B —
Light Curing

Filled and cured mold

Schematic representation of fabrication of light curing dental composite materials.

Distribution of four sets with composition of resin, different fillers type, wt% of fillers and nature for the fabrication of

Set Resin Material Filler Type Wt% of Filler Nature
1 BisGMA 100 wt% Micro, microhybrid, nano, 10 mTiO,
nanohybrid
2 BisGMA 100 wt% Nanohybrid particles 0, 1,2, 510 mTiO,
3 Different composition of resins Nanohybrid particles 5 mTiO,
4 BisGMA 60 wt% + TEGDMA Nanohybrid particles 5 mTiO, & bare gTiO,

20 wt% + UDMA 20 wt%

gTiO, = green synthesized TiO, NPs; mTiO, = surface modified gTiO,.

Table 2 Set 1: Physical properties of dental materials with different types of fillers.

Resin materials Type of Wt% of fillers Max. compressive Max. flexural % PS”
mTiO, fillers mTiO, stress (MPa) stress (MPa)"

BisGMA 100 wt% Micro 10 76.97 + 0.27 32.12 £+ 0.02 10.50 + 0.18
Microhybrid 90.50 + 0.43 31.50 + 0.43 12.95 + 0.52
Nano 91.25 + 0.22 50.98 £ 0.23 6.82 + 0.07
Nanohybrid 141.95 + 0.91 52.92 £ 0.69 7.48 + 0.14

mTiO,: surface modified gTiO,.
* Mean of three readings + S.D.

calculated from the Scherrer formula applied to the major
intense peaks (Mahshid et al., 2007). FTIR spectra were
recorded on IR Prestige 2, (Manufacturer-Shimadzu, Kyoto,
Japan) in the range of 400-4000 cm ™' to determine the chem-
ical bonding in the organic components present over the sur-
face of nanoparticles after surface modification. Morphology
and surface images were taken on Transmission Electron
Microscope (TEM)-CM200 equipped with Selected Area Elec-
tron Diffraction (SAED) (Manufacturer- Philips, Madison,
United States), Scanning Electron Microscope (SEM) with
Energy Dispersive X-ray Spectroscopy (EDS) (Manufacturer-
Zeiss, Stockholm, Sweden) with a focused electron beam to
deliver images with information about the sample’s topogra-
phy, size by SEM and elemental composition by EDS.
Experimental light curing specimens were tested for their
mechanical properties. The hardness of the particles has a
great influence on compressibility. Higher flexural stress that
a material can bear was obtained through a three-point bend-
ing test in order to figure out the ability of the sample to with-
stand the bending forces applied (Sfondrini et al., 2014).

Polymerization shrinkage (PS) of resin-composite materials
may have a negative impact on the clinical performance
(Braga et al., 2005) and thus a reduction in % PS is required
(Karaman and Ozgunaltay, 2014). The objective of this study
was to obtain an efficient protocol for the green synthesized
TiO, NPs for the enhancement of physical properties of the
light curing resin materials. Compression and flexural tests
(Sfondriniet al.,2014) were performed using Universal Testing
Machine, Instron 3345 with a capacity of 5000 N having the
test speed of 0.5 mm/min on Bluehill 3 software. Compression
tests were performed for cylindrical specimens having dimen-
sions of 5 mm diameter and 5 mm height prepared by a teflon
mold. The specimen was placed on its end between the plates
of the universal testing machine. The compressive load was
applied along the long axis of the specimen at a cross-head
speed of 0.5 mm/min until the material breaks.

The flexural test was performed with the help of universal
testing machine for obtaining maximum flexure load, flexure
stress at maximum load, and maximum flexure strain values.
The sample was mounted in the testing device using rounded
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Table 3 Set 2: Physical properties of dental materials with increase in wt% of fillers.

Resin materials Type of Wt% of Max. compressive Max. flexural % PS’
mTiO, fillers mTiO, fillers stress (MPa) stress (MPa)

BisGMA 100 wt% Nanohybrid 0 24.58 + 0.47 3.82 £ 0.07 16.5 = 0.21
1 54.09 + 0.23 13.97 £ 0.13 12.5 £ 0.47
2 91.1 + 1.47 18.90 + 0.30 9.11 + 0.08
5 158.28 + 1.43 61.78 + 1.20 8.17 + 0.47
10 141.95 + 0.91 52.92 + 0.69 7.48 + 0.14

mTiO,: surface modified gTiO,.

* Mean of three readings + S.D.
Table 4 Set 3: Physical properties of dental materials with different resins composition.
Resin materials Type of mTiO, Wt% of mTiO, Max. compressive Max. flexural % PS’
fillers fillers stress (MPa)” stress (MPa)"

BisGMA 100 wt% Nanohybrid 5 158.28 + 1.43 61.78 + 1.20 8.17 + 0.47

BisGMA 60 wt% + TEGDMA 40 wt% 155.28 + 1.07 66.03 £ 0.28 5.21 +£0.32

BisGMA 60 wt% + UDMA 40 wt% 199.78 + 0.92 79.98 + 0.18 6.15 + 0.15

BisGMA 60 wt% + TEGDMA 195.55 + 0.75 83.30 = 0.07 3.48 £ 0.29

20 wt% + UDMA 20 wt%

mTiO,: surface modified gTiO,.

* Mean of three readings + S.D.
Table 5 Set 4: Physical properties of dental materials with bare Vs surface modified fillers.
Resin materials Type of fillers Max. compressive Max. flexural % PS’
stress (MPa)” stress (MPa)~

BisGMA 60 wt% + TEGDMA 5 wt% Nanohybrid Bare TiO, 100.32 + 0.20 70.65 + 0.55 4.12 £ 0.04

20 wt% + UDMA 20 wt%

BisGMA 60 wt% + TEGDMA 5 wt% Nanohybrid mTiO, 195.55 + 0.75 83.30 + 0.07 3.48 + 0.29

20 wt% + UDMA 20 wt%

mTiO,: surface modified gTiO,.
* Mean of three readings + S.D.

supports at a distance of 20 mm and the beams were loaded
until failure using the across-head speed of 0.5 mm/min
(Hahnel et al., 2010) and operated until the material breaks.

For polymerization shrinkage, % PS values were obtained
after weighing the samples and calculated by the following
formula:

[(V] - Vz)/Vz] X 100 = % PS & V1 = M]/DI;VZ = Mz/Dz
where,
V = Volume of resin before (V) & after (V,) curing
M = Mass of resin before (M) & after (M;) curing
D = Density of resin before (D;) & after (D,) curing

3. Results

3.1. DLS

Graph of Amp Vs Rh (hydrodynamic radius) in nanometer
range gave the average radius of suspended particles as

133.75 nm that indicates the presence of micro-sized gTiO,
particles. The polydispersity index of the data obtained is
146.3 nm (Fig. 3).

Ratus bl Mol 808) Pobdiom X MR
[ fwes sy fesa
Poydrame [T

Fig. 3 DLS spectrum of gTiO, NPs.
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Fig. 4 XRD pattern of (a) bare gTiO, NPs (b) APTES-coated gTiO, NPs.

3.2. Crystallite size and phase identification by XRD

Identification of phases of samples bare gTiO, (a) and APTES-
coated gTiO, (b) was determined by matching peak positions
and intensities of the peak with reference (JCPDS card no.
88-1175), as shown in the Fig. 4. The absence of spurious
diffraction indicates the crystallographic purity of bare and
coated gTiO, NPs, and sharp peaks indicate the crystalline
nature of particles. Major 20 peaks of 25.3°, 38.0°, 48.1°,
and 54.7° were seen in Fig. 4 lines (a) and (b) that resemble
the characteristic anatase TiO, structure. The comparison of
two XRD patterns pre (line a) and post APTES coating (line
b) illustrate that the silane group has no impact on the crystal
structure of TiO, and the coating was properly done on the
particles, thus showing no extra peaks and high anatase phase
purity. The size of the crystalline domain based on the most
intense peaks of line (a) and (b) were found to be 30.09 nm
and 40.73 nm, respectively.

3.3. FTIR

The FTIR spectrum of bare gTiO, NPs Fig. 5 (line a) and
APTES-coated gTiO, NPs (line b) was compared to confirm
APTES coating on the surface of gTiO,. The FTIR spectrum

1004

3500-3200

near 1500

below 700

QQOO 4000 3500 3000 2500

1/em

2000 1500 1000 500

Fig. 5 FTIR image of (a) bare gTiO, NPs (b) APTES coated
¢TiO, NPs.

of bare gTiO, NPs (a) showed a wide broadband at 3200-
3500 cm™! due to the stretching vibration of water molecules
adsorbed on the surface of hydrophilic gTiO,NPs. The small
peak at 1650 cm™' was attributed to —OH bending vibrations.
Many peaks below 700 cm ™! were present because of the numer-
ous of Ti—O—Ti bonds in bare gTiO, NPs. APTES coated
¢TiO, NPs (b) showed a broad band at 3500-3200 cm ™' due
to the presence of —OH molecules on to the surface of gTiO,
NPs and N—H symmetrical stretching. A weak band at
2927 cm™! indicates the presence of alkyl groups [—(CHa),—].
The absorption band near 1500 cm™" corresponded to —N—H
vibrations in amino group of APTES. A peak at 1024 cm ™!
was because of the stretching vibrations of Ti—O—Si moieties
and the peak at 1348 cm™' was ascribed to C—N stretching
mode present in the range of 1000-1050 cm™" while the broad-
band at1165 cm™is ascribed to Si—O—Si stretching. The peak
at 800 cm~! corresponded to Si—C stretching and NH, out-of-
plane bending mode, confirming the APTES coating on the bare
gTiO, NPs, as shown in Fig. 5.

3.4. SEM and EDS

SEM image represented the spherical nature of gTiO, NPs of
different sizes. Image consisted small i.e. nano and micro-sized
particles, as shown in Fig. 6(a). The particles were aggregated
due to the effect of Vander Waals forces existing in small sized
particles. The particle size from SEM was obtained in the
range of 3nm to 1 um, marked in Fig. 6(a), indicated the
nanohybrid nature of particles.

Impurities that can be present in the TiO, samples have
been evaluated with the EDS techniques. The EDS data (the
contents of Ti, O and the impurity atoms on the sample sur-
face) were obtained at different points at the TiO, surface. It
was noticed that the EDS data of pure TiO, Fig. 6(b). The
abscissa of the EDS spectrum indicates the ionization energy
and ordinate indicates the counts. Higher the counts of a par-
ticular element, higher will be its presence at that point or area
of interest or vice a versa.

3.5. TEM

The particle size estimated from TEM Fig. 7(a), (b) and (c),
were found to be in the range of 10-100 nm as shown in
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(a) SEM image of green synthesized gTiO, nanohybrid particles (b) EDS spectra for gTiO, nanohybrid particles.

Fig. 7 TEM images of (a) bare gTiO, NPs (b) APTES coated gTiO, NPs (c) SAED pattern of APTES coated gTiO, NPs.

Fig. 7(a), bare gTiO, NPs were highly aggregated and no dis-
tinct particles were found where as in Fig. 7(b), APTES coated
¢TiO, NPs were well separated from each other and reduced
aggregation was observed between nano and micro-sized par-
ticles indicating nanohybrid nature of APTES-coated gTiO,
NPs. Fig. 7(c) represented the SAED pattern of APTES-
coated gTiO, NPs and showed that the small spots form rings,
indicated polynanocrystalline nature.

3.6. Physical properties of dental materials

The results of the physical properties of dental materials of the
materials, namely, maximum compressive stress, flexural stress
and % PS of all four sets of samples listed in Table 1 are shown
in Tables 2-5. The samples were analyzed thrice. Mean of the
three readings (n = 3) with standard deviation (S.D.) are men-
tioned in the following tables.

Effect of different types of fillers is represented in the
Table 2 (set 1) with the resin material (BisGMA 100 wt%)
and amount of fillers (10 wt%) constant.

The type of filler that gave higher mechanical strength
(maximum compressive and flexural stress) i.e. nanohybrid
surface modified fillers, were used for next sets.

Effect of different wt% of nanohybrid fillers is represented
in Table 3 (set 2) with the resin material (BisGMA 100 wt%)
and type of fillers (nanohybrid) constant.

The amount of nanohybrid fillers that gave higher mechan-
ical strength (Maximum compressive and flexural stress) was
used for next sets i.e. 5 wt% mTiO, nanohybrid fillers.

Effect of different composition of resin materials viz.
BisGMA, UDMA, TEGDMA with varying percentage com-
position, etc. was carried out in Table 4 (set 3) with the type
of mTiO; fillers (nanohybrid) and amount of fillers (5 wt%)
were kept constant.
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Table 6 Final result of experimental composite material with the highest mechanical strength (direct measurement) and lowest %

polymerization shrinkage.

Resin material Fillers Max. compressive Max. flexural % PS”
stress (MPa) stress (MPa)
BisGMA 60 wt% + TEGDMA Nanohybrid 195.56 83.30 3.48

20 wt% + UDMA 20 wt% 5 wt% mTiO,

mTiO,: surface modified gTiO,.
* Mean of three readings.

The composition of resin matrix which gave higher
mechanical strength (maximum compressive and flexural
stress) and lower % polymerization shrinkage was used for
further testing i.e. BsGMA 60 wt% + TEGDMA 20 wt%
+ UDMA 20 wt%.

Effect of surface modification on mechanical and dental
properties of experimental composite materials with 5 wt%
nanohybrid mTiO,; resin composition BisGMA 60 wt%
+ TEGDMA 20 wt% + UDMA 20 wt% was carried out as
represented in Table 4.5 (set 4).

The experimental nanocomposites material with 5 wt% sur-
face modified nanohybrid fillers (mTiO,) gave higher mechan-
ical strength (maximum compressive, flexural stress) and lower
% polymerization shrinkage and as compared to the material
without surface modified nanofillers mTiO,.

Set 1 Table 2 represented dental composite material with
nanohybrid fillers possessing higher compressive stress
141.95 MPa and flexural stress 52.92 MPa and lower % PS
i.e. 7.48% than micro, microhybrid and nanosized fillers.

Set 2 Table 3 represented 5 wt% mTiO, nanohybrid fillers
gave higher mechanical strength i.e. 158.28 MPa compressive
stress, 61.78 MPa flexural stress as compared to 0 wt%, 1 wt
%, 2 wt%, 10 wt% mTiO, nanohybrid fillers.

In set 3 Table 4, the mixture of three resins BisGMA 60 wt
% + UDMA 20wt% + TEGDMA 20wt% with 5 wt%
nanohybrid fillers possessed compressive stress 195.55 MPa
which is lower than that of resin composition BisGMA 60 wt
% + UDMA 40 wt%. But, % PS shrinkage was least i.c.
3.48% in mixture of three resins which was desired.

Set 4 Table 5 represented the comparative result of material
with bare and surface modified 5 wt% nanohybrid fillers in
which surface modified fillers gave compressive stress
195.55 MPa, flexural stress 83.30 MPa, and lowest % PS
3.48% as compared to the nanocomposite material surface
modified fillers. The optimized result of the material which
gave the highest mechanical strength and lowest desired %
PS by considering all 4 sets is shown in Table 6.

4. Discussion

Physiochemical characterization showed that the green micro-
wave synthesized particles gTiO, were a mixture of nano and
micro-sized particles i.e. nanohybrid in nature. Temperature
and pressure parameters were controlled in the compact micro-
wave synthesizer, and this rapid process allowed the size-
controlled synthesis to take place in a few minutes.
Microwave process has high efficiency (Zhu and Chen,
2014), consumes less energy and reduces time, with enhance-
ment in quality of the product. The size of gTiO, particles
was 146.3 nm i.e. in micrometer, which was concluded from

DLS system. In general, TiO, particles possess excellent bio-
compatibility and decrease the potential of an allergic reaction
(Hilger, 2013). APTES-coated gTiO, were responsible for the
reduction in the aggregation of particles even when dispersion

into the resin matrix. In the GMA-modified gTiO, , the C=C

group of GMA on the surface of gTiO, could participate in the
polymerization of the monomer and form a covalent linkage in
the resin matrix and fillers, thus helping in the improvement of
mechanical strength of the material (Rastelli et al., 2012;
Shinkai et al.,2018). In case of % PS, the volume contraction
is dependent on many factors including filler concentration
(de Melo Monteiro et al., 2011). Low polymerization shrink-
age (% PS) value indicated less micro-leakage and better
restoration (Li et al., 2012). The results of other physical prop-
erties of dental materials of the experimental composite mate-
rials showed that the nanohybrid fillers were excellent among
micro, micro hybrid and nano-sized fillers (Table 2). This
may be because these fillers depicted the properties of both
and they are hard to dislodge the small particles from the gaps
of micro-sized particles. The mechanical properties of the final
resin material was improved with an increase in wt% of fillers
and showed the highest value at 5 wt% (Table 3). This may be
because the increase in the number of fillers increases agglom-
eration, which in turn affects the mechanical strength of the
resin (Rastelli et al., 2012). The mixture of the three resins
together gave higher values of strength than that of the single
resin or mixture of two (Table 4) and thus the surface-modified
NPs were apt as dental nanocomposites rather than bare fillers
(Table 5).

On comparing the mechanical data of green synthesized fil-
lers with the similar work carried out by Wu and coworkers, it
was observed that gTiO, fillers achieved reduction of % PS
value to 3.48% which is lesser than that of 5.9% (Wu et al.,
2014). This may be due to the stepwise selection of nanohybrid
fillers, optimum wt% of surface modified fillers and optimum
resin composition. Also, the final material (Table 6) showed
considerable increase in mechanical strength than of the con-
ventional amalgam material (Narasimha and Vinod, 2013).

Dental nanocomposites have provided cosmetically accept-
able results with excellent mechanical properties for both bulk
(Rinastiti et al., 2010) and fiber reinforced materials (Scribante
et al., 2015). Researchers are synthesizing SiO, microspheres
(Miao et al., 2012a), zirconia-silica nanofibres (Guo et al.,
2012), alumina (Arora et al., 2015), etc. as fillers and some
have also worked upon their synthesis for the purpose of den-
tal composites e.g. nanosilica by chemical method (Canche-
Escamilla et al., 2014) and ZrO,/Al,O; fillers by CO, laser
co-vaporization (Bartolomé et al., 2016), which are purely
chemical methods. We have used ‘Green Nanotechnology’
concept in the field of synthesis of dental fillers.
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Considering the facts of TiO, exposure in human body,
5wt% of TiO, has minimal effects on health compared with
the other composites with higher filler content (e.g., 65 wt%
of silica in Vertise Flow™ (Maas et al., 2017), 78 wt% filler
content in Filtek supreme™ (Franca et al., 2014). Future stud-
ies in this field could involve other important aspects of nano-
filler characteristics, such as cytotoxicity, color shades, color
stability, in vitro studies. Moreover, evaluation of cytotoxicity
of the as-prepared resin composite material and NPs in oral
proximity and its clinical performance is needed in future.

5. Conclusion

The results indicated that green synthesized and surface mod-
ified 5 wt% (mTiO,) nanohybrid particles in the resin mixture
of bisphenol A glycidyl methacrylate (60 wt%), triethylene gly-
col dimethacrylate (20 wt%), urethane dimethacrylate (20 wt
%) gives increased mechanical strength and decreased percent-
age polymerization shrinkage among the different sets of
experimental compositions. In addition to the antimicrobial,
hydrophilic and self-cleaning nature of tooth colored TiO,
nanoparticles; gTiO, nanohybrids can be used as effective fil-
lers for light curing dental nanohybrid composite materials
for improving their physical properties.
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