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ABSTRACT

This study was designed to evaluate the wear resistance, fracture toughness and flexural strength of a nanofilled com-
posite resin restorative material in comparison with a conventional hybrid composite resin. A total of 60 specimens
were prepared from both types composite resins. Specimens were cured with a light curing device according to the
manufacturer’s instructions. Wear resistance was evaluated through subjecting the specimens to wear testing at 0.1 bar
wet pressure against carbide abrasive counter-body using wear testing machine under water as lubricant. The test condi-
tions were; speed = 265 rpm, load = 0.1 bar, time = 5 min. Flexural strength and fracture toughness were tested using
three-point bending test in universal testing machine at a cross head speed of 2 mm/min until failure occurred. The nan-
ofilled composite resin material exhibited higher wear resistance than the hybrid composite resin material. On the other
hand, there were no significant differences between the two materials in values of flexural strength and fracture tough-
ness. It was concluded that the nanofilled composite resin was harder but it does not stronger than the conventional hy-

brid composite resin.
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1. Introduction

Resin composites are increasingly used for restorative
purposes because of good esthetic and the capability of
establishing a bond to enamel and dentin. The color sta-
bility, wear, fracture resistance of these materials have
been greatly improved since their introduction about 50
years ago [1]. However, like all dental materials, com-
posites have their own limitations, such as the gap for-
mation caused by polymerization contraction during set-
ting, leading to marginal discoloration and leakage [2]. In
addition, they are subjected to higher wear rates than
ceramics, and although some composites have wear rates
similar to amalgam, many have higher wear rates [3].
Improvements of mechanical properties of the com-
posite have permitted its use in posterior teeth with
greater reliability than was the case some years ago. This
improvement included; development of smaller particle
sizes of filler, better bonding systems, curing refinements
and sealing systems [4]. Composite resin materials have
progressed from macrofills to microfills and from hy-
brids to microhybrids, and new materials such as pack-
able and nanofilled composites have been introduced to
the dental market [5-7]. Each type of composite resin has
certain advantages and limitations. The universal hybrid
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composites provide the best general blend of good mate-
rial properties and clinical performance for routine ante-
rior and posterior restorations [8].

The recently introduced nanofilled composite has been
introduced to the dental market, which has been pro-
duced with nanofiller technology and formulated with
nanomer and nanocluster filler particles. Nanomers are
discrete nanoagglomerated particles of 20 - 75 nm in size,
and nanoclusters are loosely bound agglomerates of
nano-sized particles. The combination of nanomer-sized
particles and nanocluster formulations reduces the inter-
stitial spacing of the filler particles and, therefore, pro-
vides increased filler loading, better physical properties,
and improved polish retention [9]. Dental composites
based on nanofill and ormocer (organically modified
ceramics) technologies were recently introduced to the
dental profession. Nanofilled composite was mentioned
in early 1990s but the first commercial product (Filtek
Supreme, 3M-ESPE) was launched in late 2002 [4].

Accordingly, this investigation was designed to evalu-
ate the mechanical properties of nanofilled composite
resin in comparison with the conventional hybrid com-
posite resin regarding the wear resistance, fracture tough-
ness and flexural strength.
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2. Materialsand M ethods

The materials used in this study are presented in Table 1.

2.1. Evaluation of Wear Resistance

Ten specimens were prepared from each type of compos-
ite resin (8 mm length x 4 mm width x 2 mm thickness)
using a rectangular split Teflon mold. The mold was
covered with acetate strips. A glass slab was placed over
the mold under pressure to remove the excess material.
Each specimen was exposed to light curing unit accord-
ing to the manufacturers’ instructions. The specimens
were removed from their molds and stored in distilled
water for 24 hours at 37°C. Metal blocks (20 blocks in
dimensions of 10 mm x 10 mm % 7.5 mm) were prepared,
each specimen was bonded on a metal block on the side
of (10 mm X 7.5 mm) dimensions using cyanoacrylate
adhesive according to the specifications of the testing
machine .The specimens were weighted before and after
application of wearing The specimens were subjected to
wear testing at 0.1 bar wet pressure against carbide abra-
sive counter-body using wear testing machine (Tribome-
ter testing machine, Germany) under water as lubricant.
The test conditions were; speed = 265 rpm, load = 0.1 bar,
time = 5 min. The weight loss in gram was evaluated.

2.2. Evaluation of the Fracture Toughness

Twenty rectangular specimens were prepared, 10 from
each type of composite resin (30 mm in length, 5 mm in
width and 2.5 mm in thickness). The mold used was split
stainless steel, contains sharp notch at its center and ex-
tending to half of the specimen width. The material was
packed into the mold that was supported with a glass slab.

Another glass slab was placed on the top of the mold.
Light pressure was applied to expel the excess material
and trapped air. The top and bottom surfaces of the
specimens were then light polymerized in five overlap-
ping irradiations of 30 seconds. Specimens were stored in
distilled water at 37°C until they were tested by three-
point bending test in universal testing machine (Lloyd,
type 500, England) with a cross head speed of 2 mm/min
until failure occurred. The intensity factor, KIC (MPa.
Jm ), was obtained from the peak load (Pg) and sample
configuration by the following equation [10]:

Kic =[ (Py-8)/(BW'*) ]x f (a/w)

f (a/w)=3(a/w)0‘5
1.99 - (a/w)(1- a/w){z.ls ~3.93a/w+ 2.7(a/w)2}
' 2(1+2a/w)(1-a/w)”

where, Pq is the peak load (N), Sis the span (m), B is the
specimen thickness (m), a is the crack length, w is the
specimen width (m) and (a/w = 1/2).

2.3. Evaluation of the Flexural Strength

A total of 20 rectangular specimens, 10 from each type of
composite resin measuring (25 mm length, 2 mm width
and 2 mm thickness). Specimens were light polymerized
in three over lapping irradiations of 40 seconds. After
light polymerization, the flash was removed. Then, the
specimens were stored in deionized water at 37°C until
used. The flexural strength was measured using a uni-
versal testing machine via a three bending test. A cylin-
drical aluminum block with tapered edge was attached to

Table 1. Materialsused in this study.

Materials Type Composition Batch No Manufacturers
Monomer matrix contains Bis-GMA, urethane
Filtek™ Light curing dimethacrylate, triethylene glycol imethacrylate 3M ESPE Dental
Supreme nanofilled and bis-EMA resin, inorganic filler particles are 3910A3.5B  Products St. Paul,
P composite resin  a ombination of aggregated zirconia/silica cluster and MN 55144
a non-agglo merated/non-aggregated silica filler
. ® Visible light Based on BIS-GMA resin and inorganic Prime Dental INC.
Prime-Dent cure hybrid filler particles (1.40 microns) MBO10 Manufacturing 3735W
BelmontAve.
W. Chicago, IL
60618
Aper™ Single Light curing Adhesive containing 10%, 3M ESPE Dental
. . . 4BK51202  Products St.
Bond2 Adhesive Bonding agent 5 nm colloidal filler
PaulMN
5544
SDI Super Etch Etchant Gel 37 wt% phosphoric acid 00601 SDI
Copyright © 2012 SciRes. JBNB
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the upper part of the machine and used to apply load at
the center of the sample. The load was applied in a com-
pression at a cross head speed of 2 mm/min until failure
occurred. The maximum load at fracture was recorded
electronically in Newton (N) and flexural strength (MPa)
was calculated using the following formula [11]:

o =3P,L/2WH’

where P is the applied load, L is length of specimen, W
is the width of specimen, H is the height of specimen.

2.4. Statistical Analysis

The data obtained were tabulated for statistical analysis
which was conducted using SPSS (Statistical Package for
Social Science) version 10. t-test was used to detect the
significant difference between the variables tested in this
study.

3. Results
3.1. Results of the Mechanical Properties

The results of the wear test are presented in Table 2. In
general, nanofilled composite have low wear value than
that of hybrid composite. The t-test demonstrated a sig-
nificant difference between the mean wear values of
nanofilled composite (Filtek Supreme) and hybrid com-
posite (Prime-Dent) (P < 0.000).

The results of the fracture toughness test are presented
in Table 3. The fracture toughness of nanofilled compos-
ite resin was higher than that of the hybrid composite.
The t-test demonstrated no significant difference between
the mean fracture toughness of nanofilled composite
(Filtek Supreme) and hybrid composite (Prime-Dent) (P
> 0.05).

The mean flexural strength (MPa) of nanofilled com-
posite (Filtek Supreme) and hybrid composite (Prime-
Dent) are presented in Table 4. The flexural strength of
nanofilled composite resin was higher than that of the

Table 2. Mean weight loss (mg) of nanofilled and hybrid
compositeresins.

Materials Mean + SD t-value P-value
Nanofilled Composite 25.6+2.7 —14.26 0.000
Hybrid Composite 743 +4.8

Table 3. The mean fracture toughness (MPa. \/ﬁ) of nano-
filled and hybrid compositeresins.

Materials Mean + SD t-value P-value

Nanofilled Composite 6.54+1.4 0.531 0.602

Hybrid Composite 6.28+0.72
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Table 4. The mean flexural strength (MPa) of nanofilled
and hybrid compositeresins.

Materials Mean + SD t-value P-value
Nanofilled Composite 93.68+16.8 0.625 0.54
Hybrid Composite 89.85+9.6

hybrid composite. The t-test demonstrated no significant
difference between the mean flexural strength of nano-
filled composite (Filtek Supreme) and hybrid composite
(Prime-Dent) (P > 0.05).

3.2. Corréelations

3.2.1. Correlation between Wear and Fracture
Toughness

There was a significant positive correlation between wear
and fracture toughness of nanofilled composite resin.
Pearson correlation was 0.685* and Sig. (2-tailed) was
0.029. Correlation was significant at the 0.05 level (2-
tailed). There was a positive correlation between wear
and fracture toughness of hybrid composite resin but not
significant. Pearson correlation was 0.444 and Sig. (2-
tailed) was 199.

3.2.2. Correlation between Wear and Flexural
Strength

There were a negative correlation between wear and

flexural strength of both nanofilled and hybrid composite

resins. Pearson correlations were —0.337 and —0.296 re-

spectively and Sig. (2-tailed) were 0.340 and 0.466 re-

spectively.

3.2.3. Correlation between Fracture Toughness and
Flexural Strength

There were a negative correlation between fracture tough-

ness and flexural strength of both nanofilled and hybrid

composite resins. Pearson correlations were —0.453 and

—0.273 respectively and Sig. (2-tailed) were 0.189 and

0.446 respectively.

4. Discussion

A new brand of composite resins called “nanofilled
composites” has been introduced to the dental market,
which has been produced with nanofiller technology and
formulated with nanomer and nanocluster filler particles
Nanomers are discrete nanoagglomerated particles of 20
- 75 nm in size, and nanoclusters are loosely bound ag-
glomerates of nano-sized particles. The manufacturer
suggests the combination of nanomer-sized particles and
nanocluster formulations reduces the interstitial spacing
of the filler particles and, therefore, provides increased
filler loading, better physical properties and improved
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polish retention [9].

Two-body abrasion test have been used to rank the
wear resistance of restorative materials. The results
showed that, nanofilled composite resin (Filtek Supreme)
which has lower particle size (5 - 20 nm) has lower wear
in comparison to conventional hybrid composite resin
(Prime-Dent) which has larger average particle size (1.4
pum) and there is a high significance between the tested
materials. Reducing the filler particle size and increasing
the filler loading, the wear resistance has been improved
[12,13].

The type of filler particles also may play a role in the
wearing process, the zirconia/silica containing resin com-
posite (filtek suprme) showed better wear resistance than
barium glass filler containing hybrid composite resin
(prime-dent). It was reported that, although the hydro-
lytic degradation of the filler particles could not be
proven to be the primary cause for the clinical wear proc-
ess, it is important for selection of the materials, from a
clinical viewpoint, using a silica filled composite has been
recommended instead of a glass-filled composite that
leaches more filler elements and degrades faster [14].

For optimum physical and mechanical properties of
the restoration, the residual monomer content should be
minimized and the percentage of conversion to polymer
maximized [15]. It has been claimed that in nanofilled
composite resin the majority of TEGDMA (tri [ethylene
glycol] dimethacrylate) has been replaced with UDMA
and Bis-EMA (Bisphenol A polyethylene glycol diether
dimethacrylate). Both of these resins have a higher mo-
lecular weight and fewer double bonds per unit, which
improves the degree of cure of the polymer matrix and
therfore, wear resistance [9]. The use of finer particles of
filler results in decreased inter-particle spacing and re-
duced wear [16]. Good bond between the filler and ma-
trix through the silane coupling agent and increasing the
filler surface area by using finer particles of filler im-
proved the wear of dental composites [17].

Good fracture toughness of dental composite resins
which is a measure of its ability to retard crack initiation
or ropagation, is important for the prevention of marginal
breakdown and is possibly related to good wear resis-
tance [18]. The results of fracture toughness in the pre-
sent investigation revealed that both types of composite
resins had nearly equal fracture toughness values. How-
ever, nanofilled composite resin had slightly increased
fracture toughness value than hybrid composite resin,
there was no significant difference between the two ma-
terials. Addition of filler to the polymer matrix causes a
reinforcement and provides additional toughening me-
chanisms. The matrix is reinforced by transferring stress
to the strong particulate fillers, thus enhancing its ability
to absorb energy and become more fracture-resistance.
The stress transfer and reinforcement appear to be opti-
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mal for composites containing high volume fractions of
fillers that are well-coupled to the resin matrix [19]. The
fillers provide several toughening mechanisms, including
crack pinning and microcrack-induced toughening. The
latter has recently been shown to occur in dental com-
posites [20,21].

Due to the more extensive array of toughening mecha-
nisms available to a filled material, attaining maximum
fracture toughness is dependent upon having sufficient
adherent fillers in the composite structure. Minimizing
degree of conversion, filler volume fraction, or filler/
matrix bonding causes the resin matrix to bear a greater
proportion of the stress imposed during loading and re-
sults in a reduction in K. Therefore, for a given com-
posite, any event which causes the properties of the resin
matrix to dominate will necessarily result in a reduction
in the Ky [22]. Mitra and Brain (2003) found that, the use
of spheroidal nanocluster fillers with their broad particle
distribution enabled to obtain high filler loading, desir-
able handling characteristics and physical properties
comparable with those of commercial hybrid composites
[23].

Flexural strength test was performed using the three-
point bending test because of its lower standard deviation,
the lower coefficient of variation and the less complex
crack distribution produced by it when compared to those
produced by other test designs, such as the biaxial flex-
ural test [24]. The results of the present study showed
that, there was slight increase in flexural strength value
of nanofilled composite resin (Filtek Supreme). However,
this was statistically insignificant. Since both types of
composites evaluated contained nearly equal filler vol-
ume content of about 60% so that the flexural strength of
Flitek Supreme nanofilled composites are statistically
equivalent to or higher than that of the hybrid composites
tested. There is a correlation between mechanical proper-
ties and filler volume, increasing the filler volume im-
prove the mechanical properties including flexural strength
[25].

5. Conclusions

Within the limitations of this study, the following cauld
be concluded:
1) Nanofilled composite resin exhibited higher wear
resistance than that of hybrid composite resin materials.
2) There is no significant differences among the mate-
rials tested regarding the fracture toughness and flexural
strength.
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