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Abstract: This study presents comparative investigation
of adding nanohydroxyapatite (HA) (5-20 wt.%) and min-
eral trioxide aggregate (MTA) (5-20 wt.%) on the physical,
mechanical and thermomechanical characterization of
dental composite. The performances of both experimen-
tal composites were assessed through various physical,
mechanical and thermomechanical tests such as void
content test, microhardness test, compressive strength
test, dynamic mechanical analysis and thermogravimetric
analysis. The result of experiment indicated that the addi-
tion of 5 wt.% of HA increased the water sorption, hard-
ness and compressive strength by 50.47%, 13.46% and
62.35%, respectively, whereas the addition of 5 wt.% of
MTA increased the water sorption, hardness and compres-
sive strength by 19.23%, 100% and 5.44%, respectively.
Dynamic mechanical analysis results revealed that the
addition of 5 wt.% HA increased the storage modulus by
10.21%, whereas the addition of 5 wt.% of MTA decreased
the storage modulus by 11.79%. The filler HA proved to be
better choice in term of thermal stability behavior as com-
pare to MTA filler.

Keywords: dental composites; mechanical properties;
mineral trioxide aggregate; nanohydroxyapatite; thermo-
mechanical properties.

1 Introduction

Since 1980, the main challenges for the dental material
scientist were to develop ideal dental materials that can
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withstand the adverse oral conditions related to exces-
sive loading, erosive environments and temperature
variations. Therefore, various dental composites were
developed and investigated by modifying types of filler,
size, shapes and content (1-4). In this regard, nanoalu-
mina, nanosilica and nanozirconia have been popularly
used as filler in dental composite material (5-7). However,
the formulations of composite have been continuously
modified by varying filler morphology, surface treatment
and fabrication technique (8-11). Among ceramic bioma-
terials, hydroxyapatite (Ca, (PO,),(OH),) is considered as
the most preferred choice for hard tissue replacement and
dental implant material (12-15). As a main mineral com-
ponent of bones and teeth, hydroxyapatite is biocompat-
ible, osteoconductive and possesses good mechanical
properties (16). It was also reported that the presence of
hydroxyapatite improved the ingrowth of tissue forming
cell and the interfacial interaction strength between
tissue and cement (17, 18). However, the applications of
hydroxyapatite are limited because of low strength and
brittle nature (19). Hence, the addition of nanohydroxya-
patite (HA) in the reinforcement of organic-based cements
improved the mechanical and biological properties.
Nowadays, visible-light-cured dental composite materi-
als are extensively used in several dentistry applications
because of their excellent aesthetics and the improve-
ments in the chemical and mechanical resistance reached
in the last years. When the composite resins are irradi-
ated, the radicals generated attack the double bonds of
the monomers, creating cross-linked three-dimensional
network polymers (20). However, during polymerization,
the presence of voids may lead to increase in the water
sorption of dental composite. The increase in water sorp-
tion of dental composite can break the chemical bond
between filler and resin matrix by hydrolysis reaction,
expand the volume of composite and finally lead to a
decrease in the mechanical properties of dental resin
composites (21). The presence of the viscous part of resin
results into their viscoelastic behavior that is tested using
dynamic mechanical analyzer. In this study, HA filler was
compared with mineral trioxide aggregate (MTA). MTA
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was developed by Torabinejad and White (22) for use as
a dental root repair material. MTA is composed of trical-
cium silicate, dicalcium silicate, tricalcium aluminate,
tetracalcium aluminoferrite, calcium sulfate and bismuth
oxide. MTA is used for repairing root perforations during
root canal therapy and treating internal root resorption,
root-end filling material and pulp-capping material.
Studies have shown that an MTA apical barrier and MTA
root filling for sheep and bovine teeth (in vitro and in vivo)
showed higher strength, hardness and fracture resistance
in comparison with teeth filled with calcium hydroxide
(23-25). However, detailed analysis of the addition of MTA
on the physical, mechanical and thermomechanical char-
acterization of dental composite is lacking in literatures.

Therefore, the objectives of this study were to compare
resin-based composite reinforced with MTA and hydroxy-
apatite at different filler ratios and to evaluate their com-
pressive strength, Vickers hardness, void content, water
absorption, storage modulus, loss modulus, tan delta,
glass transition temperature, mass loss, etc.

2 Experimental

2.1 Fabrication of proposed dental materials

The resin matrix was prepared using the mixture of
monomers BisGMA (Esstech Inc., Essington, PA, USA)
and TEGDMA (TCI Japan) with weight percent 50/45.
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The Camphorquinone (Spectrochem, Mumbai, India)
(0.2% by weight of resin matrix) was added to the resin
matrix as an initiator followed by the addition of dimethyl
amino ethyl methacrylate (DMAEMA) (Sigma Aldrich,
Bangalore, India) (0.8% by weight of resin matrix) as a
co-initiator. Hydroxyapatite (size: 20-80 nm) was pur-
chased from Sarthak Sales, Jaipur, India, and MTA from
Vishal Health Care, Jaipur, India, respectively. Table 1
presented nine different samples made by adding O,
5, 10, 15 and 20 wt.% of filler into the resin matrix (i.e.
DC-0: unfilled; DCH-5: 5 wt.% hydroxyapatite filled;
DCH-10: 10 wt.% hydroxyapatite filled; DCH-15: 15 wt.%
hydroxyapatite; DCH-20: 20 wt.% hydroxyapatite-filled
dental composites; DCMT-5: 5 wt.% MTA filled; DCMT-10:
10 wt.% MTA filled; DCMT-15: 15 wt.% MTA; and DCMT-
20: 20 wt.% MTA-filled dental composites) respectively.
The container was covered with aluminum foil to reduce
light initiated polymerization.

3 Characterization of the samples

3.1 Fourier transform infrared (FTIR)
spectroscopy

The chemical characterization of dental composite due to
addition of HA and MTA were carried out in FTIR spectro-
scopy (Perkin Elmer FTIR Spectrum) equipped with
4000-400 cm™ wave range and 4 cm™ resolution using

Table 1: Detailed composition of unfilled and particulate-filled dental composite.

Sample designation Composition

DC-0 (unfilled dental composite)
DCH-5 (dental composite with 5% HA filler)
5% HA filler
DCH-10 (dental composite with 10% HA filler)
10% HA filler
DCH-15 (dental composite with 15% HA filler)
15% HA filler
DCH-20 (dental composite with 20% HA filler)
20% HA filler
DCMT-5 (dental composite with 5% MTA)
5% MTA
DCMT-10 (dental composite with 10% MTA)
10% MTA
DCMT-15 (dental composite with 15% MTA)
15% MTA
DCMT-20 (dental composite with 20% MTA)
20% MTA

52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT, 0.2 wt.% CQ and 0.8 wt.% DMAEMA
52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT,0.2 wt.% CQ and 0.8 wt.% DMAEMA +

52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT, 0.2 wt.% CQ and 0.8 wt.% DMAEMA +

52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT, 0.2 wt.% CQ and 0.8 wt.% DMAEMA +

52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT, 0.2 wt.% CQ and 0.8 wt.% DMAEMA +

52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT, 0.2 wt.% CQ and 0.8 wt.% DMAEMA +

52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT, 0.2 wt.% CQ and 0.8 wt.% DMAEMA +

52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT, 0.2 wt.% CQ and 0.8 wt.% DMAEMA +

52 wt.% BisGMA, 45 wt.% TEGDMA, 2% BHT, 0.2 wt.% CQ and 0.8 wt.% DMAEMA +
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the attenuated total reflection method. The structural
changes in the dental composite due to increase in filler
content were also examined.

3.2 Porosity and water sorption test

Glass mold (5 mm diameter and 6 mm height) was used
to prepare various specimen of dental composites with
HA and MTA filler content (020 wt.%). The curing of
specimen was performed for 40 s on both sides using the
light curing unit (LED, Dentmark, Mumbai, India) with
a wavelength of 470 nm. Then the specimen was kept in
deionized water at 37°C for 24 h to ensure complete curing.
The specimen was placed in the burnout furnace at 80°C
for 10 h for complete removal of moisture. Then the speci-
men was weighed in high-precision weighing machine
and recorded as m,. Now, the specimen was placed in the
deionized water for a week. After a week, the specimen
was removed and dried carefully using a tissue paper to
remove excess water on the surface of sample. Then their
weights were measured as final weight m,. The water sorp-
tion in ug/mm? is calculated by Eq. [1]

m, —m,

W, (g /mm’)= x10° [1]

1

3.3 Vickers microhardness test

Specimens of size (10 mm diameter and 6 mm length) with
varying filler content of HA and MTA (0-20 wt.%) were
prepared. Curing of specimens were performed as same as
in water sorption test. Then 500 g was applied up to 30 s
on the machine Vickers microhardness tester (Walter UHL
VMHT, UK). Six indentations were made on the surface
of sample, and the mean value (d) of six indentations on
each sample was recorded. The Hv values were calculated
according to the ASTM E384-11el standard using Eq. [2].

Hv=1854.4 x% [2]

3.4 Compression testing

The compression strength testing was performed for the
postcured specimen of dimension (@5x6 mm) on Uni-
versal Testing machine UTM (Instron 1195) as per ASTM
standard D695-08. The compressive strength (o) was cal-
culated using the Eq. [3].
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4P

GC = 2
7D

(3]

where D is the diameter of pin size sample and P the
applied normal load.

3.5 Dynamic mechanical analysis

The specimens for dynamic mechanical analysis (DMA)
were fabricated in the glass mould of size @ 5.30 x 6.2 mm?
DMA tests of postcured specimens were performed in Perkin
Elmer Pyris-7 Dynamic Mechanical analyzer at a frequency
of 1 Hz in the compression mode. Storage modulus (E’), loss
modulus (E”) and loss tangent (Tand) were recorded against
temperature in the range of 30°C-350°C at a heating rate of
2°C/min.

3.6 Thermogravimetric analysis

Thermogravimetric analysis (TGA) has been conducted
on a simultaneous thermal analyzer Perkin Elmer Pyris-7
instrument to study the thermal stability behavior and
thermal degradation temperature of dental compos-
ite filled with HA and MTA filler in the percentage of
0-20 wt.%. Samples were heated under nitrogen atmos-
phere from 30°C to 350°C at a heating rate of 10°C/min.

4 Results and discussion

4.1 FTIR spectra of HA- and MTA-filled
composites

The FTIR spectroscopy of dental composites filled with
different weight percentages of HA and MTA fillers is
presented in Figures 1 and 2, respectively. Hydroxyapa-
tite consists of hydroxy and phosphate ion of calcium.
In Figure 1, the absorption due to stretching vibration
modes from phosphates group ((PO,)?) and hydroxyl
groups was characterized. The asymmetric stretch-
ing mode of vibration was characterized by a strong,
complex band in the range of intensity 1125-1245 cm™.
The symmetric stretching vibration was characterized by
a medium intensity band at approximately 828.66 cm™.
The bending vibration of PO4*- was observed by bands
located at 560 cm™. The crystalline HA generates char-
acteristic O-H bands at approximately 3430, which were
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Figure 1: FTIR spectra of HA-filled composites.

noticed in all the FTIR spectra (26). The intensity of these
peaks increased with increase in calcination tempera-
ture and is attributed to the conversion of HA to TCP and
Ca-0 at higher temperature. The peaks at 1450-1700 cm!
indicated the existence of a Ca-O phase in the structure.
As the HA filler content increased, the loss of -OH groups
was observed. Also, the cured composites based on mon-
omers with high molecular weight such as BisGMA and
TEGDMA exhibit a considerable number of remaining
double bonds (27, 28).

Figure 2 indicates FTIR spectra of dental composite
filled with MTA. As the spectra of MTA showed, the split-
ting of the band in the 850-1060 cm™ region resulted from
the presence of silicate phases. The bands in the 1360-
1730 cm™ corresponded to the asymmetric stretching of
the group. A broad peak indicated 3100-3800 cm™ and a
small peak between 2922 and 2970 cm™ was related to the
OH. The bands specific for calcium silicates hydrates such
as for silicates (461 cm™; 975 cm™) and OH- (3510 cm™,
2925 cm™) are also present on the FTIR spectrum (29-31).
The components at 461 cm™, due to the vibration modes of
poorly polymerized silicate tetrahedral bending modes,
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Figure 2: FTIR spectra of MTA-filled dental composites.
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respectively, were observed for all the un-hydrated mate-
rials (32).

4.2 Effect of porosity on HA- and MTA-filled
composites

The physical and mechanical properties of HA and MTA-
filled dental composite are presented in Table 2. Table 2
also indicates that there is presence of some pores or
voids in the dental composite that is why the theoretical
density differs from the apparent density. The presence of
pores in the dental composites has detrimental effect on
the mechanical performance of composites. It is also well
accepted that the knowledge about void content is desir-
able for determining of the quality of the composites. The
pore texture in dental cements arises from two sources:
selective dissolution of some components and unreacted
water or entrapped air (33). The mixing and consolidation
of two or more different material parts during fabrication
of the proposed hydroxyapatite- and MTA-filled dental
composites results in formation of void. Hence, the physi-
cal and mechanical properties of dental composite strongly
depend on the factors such as filler content, interfacial
strength between resin and filler and oral environment (34,
35). Rodrigues et al. (36) proposed that material microstruc-
ture and porosity percentage were two important factors to
influence the wear performance of dental composite. They
further added that increase in the porosity percentages in
the dental composite resulted in the decrease in mechani-
cal and wear performance of dental composites.

4.3 Effect of water sorption on HA and MTA
powder-filled dental composite

The water sorption of dental composite filled with differ-
ent weight percentages of HA and MTA is also presented
in Table 2. Table 2 revealed that the water sorption of for
different weight percentage (0—20 wt.%) of HA filler parti-
cles was found to be 1.05%, 1.58%, 2.15%, 2.85% and 3.5%,
respectively. Therefore, it can be observed that water sorp-
tion was improved with the addition of nanohydroxyapa-
tite and further increased with the increase in HA filler
content. Table 2 also revealed that the water sorption of
for different weight percentage (0-20 wt.%) of MTA filler
particles was found to be 1.05%, 1.24%, 1.69%, 1.76% and
1.96%, respectively. Therefore, it can be observed that
water sorption was improved with the addition of MTA and
further increased with the increase in MTA filler content.
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Table 2: Effect of varying HA and MTA on physical and mechanical properties of dental composite.

S. No. Composition Theoretical density Experimental Void Water sorption Hardness Compressive

(gm/mm3) density (gm/mm?3) content (%) (wt.%) (Hv) strength (MPa)
1 DC-0 1.247 1.245 0.16 1.05 78 300
2 DCH-5 1.066 1.064 0.19 1.58 88 488
3 DCH-10 1.096 1.093 0.27 2.15 112 527
4 DCH-15 1.113 1.109 0.36 2.84 132 354
5 DCH-20 1.084 1.078 0.56 3.50 150 339
6 DCMT-5 1.104 1.101 0.27 1.24 156 317
7 DCMT-10 1.062 1.058 0.38 1.69 219 338
8 DCMT-15 1.042 1.038 0.39 1.76 243 350
9 DCMT-20 1.086 1.079 0.65 1.96 292 363

Water absorption by a material is defined as the
amount of water adsorbed into the body of the material
through the exposed surface. In mouth, the dental com-
posites remain in saliva or water for a long period. Hence,
it becomes inevitable to study water sorption behavior
of developed dental composite (37). Water sorption can
affect the performance of dental composite in the follow-
ing two ways:

(i) When water is absorbed by the matrix of polymerized
material, unreacted monomer will be leached out and
create further shrinkage and loss in weight (38). The
outward movement of ions or monomer may create
further shrinkage and loss of weight of material.
Also, when water is absorbed by polymeric matrix,
hygroscopic expansion would occur, which would
lead to the swelling in the materials and increase in
weight (39-41).

(i)

However, in both the case, neither the shrinkage nor the
expansion was uniform throughout the restoration mate-
rial. Water sorption may affect composite resin materials
by reducing their mechanical properties and wear resist-
ance. The water sorption by the polymer matrix could
cause filler-matrix debonding or even hydrolytic degrada-
tion of the fillers. The water sorption by composite resin
materials is a diffusion-controlled process, and the water
uptake occurs largely in the resin matrix.

4.4 Effect of hardness on HA- and MTA
powder-filled dental composite

Thehardness of dental composite filled with different wt.%
of HA and MTA-filled dental composites were presented in
the fifth column of Table 2. The hardness of the composite
with 5, 10, 15 and 20 wt.% of HA particle reached to be
88, 112, 132 and 150 Hyv, respectively, whereas the hardness

of the composite with 5, 10, 15 and 20 wt.% of MTA was
found to be 156, 219, 243 and 292 Hv, respectively. It was
also revealed that the hardness of filled dental compos-
ite was significantly higher than the hardness of unfilled
dental composite (78 Hv). In the resin-based dental com-
posite, fillers are present in the strongest phase. The main
purpose of filler is to strengthen composite and to reduce
the amount of weak matrix material, resulting in the
increase in hardness and strength and decrease in wear.
From Table 2, it can be observed that the HA-filled dental
composite indicated lower hardness value than the MTA-
filled dental composite. This was attributed to the pres-
ence of more hard materials such as tricalcium silicate,
dicalcium silicate, tricalcium aluminate, tetracalcium
aluminoferrite, calcium sulfate and bismuth oxide in MTA
as compared with HA.

4.5 Effect of compressive strength on HA and
MTA powder-filled dental composite

The compressive strength of dental composite indicates
the setting process and strength of the material (42). The
compressive strength of 0, 5, 10, 15, 20 wt.% of HA-filled
dental composite was obtained as 300, 488, 527, 354 and
339 MPa, respectively, whereas the compressive strength
of 0, 5, 10, 15, 20 wt.% of MTA was obtained as 300, 317,
338, 350 and 363 MPa, respectively (Table 2). From Table 2,
it can be observed that as the percentage of MTA content
increased, the compressive strength increased simultane-
ously, whereas in case of hydroxyapatite, the compressive
strength increased from 300 to 527 MPa with the introduc-
tion of 10% hydroxyapatite. However, further addition
of hydroxyapatite (up to 20%) decreased the compres-
sive strength to 339 MPa. The result was in agreement
with the work in which it was reported that the compres-
sive strengths of the bone cements were increased by
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approximately 10%, from 110 to 122 MPa with the intro-
duction of 8% HA. Further addition of HA (up to 14%)
decreased the compressive strength by approximately
4% (down to 105 MPa) (43). MTA shows the compres-
sive strength of 317 MPa at 5% of filler content, which is
also higher than the compressive strength of the human
dentine reported as 297 MPa (44). The reason that may
help to explain the observed compressive behavior is
the degree of adhesion between the HA particles and the
matrix. In a heterogeneous solid solution, poor adhesion
between the components causes a decrease in yield stress
as if the system were filled with voids.

4.6 DMA of HA and MTA-filled dental
composites

The DMA of resin-based dental composites becomes
essential because they exhibit visco-elastic behavior due
to the presence of resin matrix. The DMA test simulates the
cyclic masticatory loading to which resin composites are
clinically subjected (45). The DMA provides relevant infor-
mation about polymers, such as storage modulus (E’), loss
modulus (E”) and loss tangent (Tand) and glass transition
temperature (Tg). The storage modulus of dental com-
posite reinforced with HA and MTA is shown in Figure 3.
Figure 3 can be divided into three parts. First, in the tem-
perature range 25°C-30°C, it can be seen that the linear
plateau of storage modulus curve was observed because
of presence of high stiff backbone chain. However, the
further increase in temperature (50°C-100°C) led to
increase in molecular mobility as well as vibrations and
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Figure 3: Variation of the storage modulus (E’) as a function of
temperature for particulate-filled dental composite.
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diffusion of molecules and chains. However, in thermo-
setting resin, the diffusion and molecular vibrations are
hindered by the cross linked bonds. Hence, there is drastic
decrease in the storage modulus of dental composite in the
glass transition region. After the glass transition region
(100°C-250°C), the storage modulus became constant due
to the fact that molecules and chain achieve the molecu-
lar vibration with constant free volume. Therefore, it can
be concluded that at low temperature, high cross-linked
density led to high storage modulus. At high temperature,
lower cross-linked density led to low storage modulus.

Figure 3 also indicated different trends for the addi-
tion of HA filler and MTA on the storage modulus of
dental composite at different temperature. From Figure 3,
it can be revealed that when HA filler was incorporated
to unfilled matrix up to 5 wt.%, the storage modulus
was increased. Further addition of filler up to 15 wt.%,
storage modulus was decreased. However, further addi-
tion of filler 15-20 wt.% resulted in the increase in storage
modulus. When MTA was added up to 10 wt.%, initially it
decreased, but further addition of MTA from 10 to 15 wt.%
led to the increase in storage modulus and from 15% to 20%
further decrease in storage modulus. Increase in storage
modulus with the increase in filler content was attributed
to the addition of high modulus, brittle and ceramic inor-
ganic oxide filler. Decrease in storage modulus with filler
content may be due to improper interfacial bond between
resin and fillers.

The loss modulus of HA- and MTA-filled dental com-
posite is shown in Figure 4. In Figure 4, it was revealed that
the loss modulus was increased with the increase in tem-
perature for certain temperature range. Also, it can be seen
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Loss modulus (MPa)

I
250

Ll
150
Temperature (°C)

Figure 4: Variation of the loss modulus (E”) as a function of tem-
perature for particulate-filled dental composite.
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that initially loss modulus was increased with the increase
in temperature in the glassy region up to 75°C-100°C, but
after attaining the maximum value at glass transition tem-
perature, it started to decrease drastically in the glass tran-
sition region. Finally, it became constant in the rubbery
region. Also, incorporation of HA decreased the loss
modulus of dental composites. Further increase in the HA
content in the range 5-10 wt.% resulted in the increase
in loss modulus. However, further increase in the HA
content in the range 1020 wt.% resulted in the decrease
in loss modulus. However, a similar trend of decrease in
loss modulus was seen with the incorporation of MTA
powder up to 5 wt.%, but further addition of MTA powder
content up to 10 wt.% resulted in a drastic increase in loss
modulus. However, further increase in the MTA powder
up to 20 wt.% resulted in the decrease in loss modulus.
Hence, we can conclude that the increase in filler content
led to the increase in internal friction that increased the
dissipation of energy. It resulted in the increase in loss
modulus. However, decrease in loss modulus at different
filler content may be due to close distribution of filler par-
ticles, weak interfacial bond between filler and resin or
nonuniform dispersion of filler in the matrix.

Tan delta versus temperature curves for HA- and MTA-
filled dental composites obtained by DMA at a frequency
of 1 Hz are shown in Figure 5. Again from Figure 5, it can be
seen that the tan delta curve for dental composite without
HA- and MTA was much broader than HA- and MTA-filled
dental composite. This broad tan delta was attributed
to the fact that unreacted carbon- carbon double bonds
(C=C) of methacrylate groups formed wide range of
polymer chain. Figure 5 also shows that the increase in
HA led to the decrease in the tan delta and increase in
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~—+—~DCH-5 —+—DCMT-5
—s—DCH-10 —+—DCMT-10
—+—DCH-15 —+—DCMT-15
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Figure 5: Variation of the tan delta (Tand) as a function of tempera-
ture for particulate-filled dental composite.
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glass transition temperature, whereas an increase in MTA
did not show much change in glass transition tempera-
ture, which was in agreement with the loss modulus vs.
temperature graph i.e. Figure 4. However, the tan delta of
dental composite was decreased for 0-20 wt. MTA filled
dental composite.

The glass transition temperature of the dental material
should be higher than the temperature of the oral cavity
to preserve the physical and mechanical properties of the
material. The increase in intraoral temperatures beyond
the glass transition temperature may lead to the softening
of polymeric matrix and finally result in the clinical failure
of the tooth restoration. Also, in the present work, all the
developed experimental composites indicated glass tran-
sition temperature around 80°C-120°C, which was outside
the range of oral cavity temperature (0°C—60°C).

4.7 TGA studies of HA- and MTA-filled dental
composites

The TGA of dental composites filled with HA and MTA was
performed using TGA to study their thermal behavior and
is shown in Figure 6. Figure 6 clearly indicates that as the
temperature increased, the dental composites degraded
thermally with different rate. The temperature has been
varied from 30 to 250°C to register the change in mass.
It was observed that during the first 100°C, there was a
weight loss of around 0.1 wt.% because of the loss of mois-
ture or bound water. Further increase in temperature up to
175°C led to a drastic decrease in mass up to 3% because of
thermal degradation. Finally, in the temperature range of
220°C-250°C, there was a complete decomposition of the
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Figure 6: TGA thermograms of particulate filled dental composites.
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polymer matrix. It was further revealed from Figure 6 that
the thermal stability increased with the increase in HA
content. Also, 20 wt.% HA-filled dental composite exhib-
ited maximum thermal stability. Figure 6 clearly indicates
that addition of MTA decreased the thermal stability dras-
tically. Hence, the dental composite filled with 20 wt.%
MTA indicated lowest thermal stability. Further, Figure 6
also shows that the HA proved to be better choice in term
thermal stability behavior as compared with the MTA of
dental composite. The thermal degradation in this study
is obtained around 175°C.

5 Conclusions

Light-cured dental composites reinforced with different
wt.% (020 wt.%) of HA and MTA filler have been fabri-
cated. The incorporation of 5 wt.% of HA increased the
water sorption, hardness and compressive strength by
50.47%, 13.46% and 62.35%, respectively, whereas the
addition of 5 wt.% of MTA increased the water sorption,
hardness and compressive strength by 19.23%, 100%
and 5.44%, respectively. DMA results revealed that the
addition of 5 wt.% HA increased the storage modulus by
10.21%, whereas the addition of 5 wt.% of MTA decreased
the storage modulus by 11.79%. The thermal stability of
dental composite was increased with the addition of HA
up to 20 wt.% and decreased with the addition of MTA
powder up to 20 wt.%. Finally, it was concluded that HA
filler can be the better choice for the characteristics such
as water sorption, compressive strength and thermal sta-
bility, whereas MTA filler MTA can be the better choice for
the characteristics such as hardness and wear resistance
of dental composite materials.
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