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The composite materials used for dental restorations must have adequate mechanical properties in order to resist to the
high masticatory forces to which they are subjected in the oral environment. The knowledge of these properties is important
for understanding the clinical behavior of composite materials and for the success of the restorative treatment. The present
study investigates the mechanical properties like flexural, compressive and diametral tensile strengths of a Romanian
composite resin in comparison with two registered trademark dental biomaterials. The Romanian composite has a
mechanical behavior similar with the control materials, being suitable for the oral environment conditions.
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1. Introduction

Composite resins became the most frequently used
biomaterials for dental restorations due to the continuously
growing aesthetic demands of patients. These materials are
the main topic in many research studies as they continue to
develop constantly, with the improvement of their
properties in order to fulfill the clinical requirements for
restorations [1-4].

In oral environment, composite restorations are
subjected to high masticatory forces, which can affect the
general properties of materials. These forces act both on
the teeth and restorations producing changes in material
dimension and quality, inducing deformation, and finally,
restoration failure [5]. For this reason, the knowledge of
mechanical properties is important for selecting the
adequate restoring composite material [6,7].

Composite resins must have superior mechanical
properties so that the dental restoration could resist to
fracture and degradation in time. Fracture, flexural or
compressive strengths are properties which influence the
success of composite restorations [4,8]. When a force is
applied on the material, a reaction of the same intensity
occurs in opposite direction. Depending on the
characteristics of the applied force, different tensions
appear leading to structural and dimensional changes. The
ratio between the force and the consequent deformation
determines the mechanical behaviour of the material.
However any material presents a certain degree of
elasticity, a resistance to deformation; when these limits
are exceeded, a permanent deformation occurs, followed
by fracture [6].

In real clinical situations, there are many forces i.e.
compression, traction, flexure, shear that tend to deform
the restorative materials.

Dental composite biomaterials are complex mixtures
of an organic matrix and inorganic filler. The mechanical
properties are influenced by their composition and
structural characteristics, especially the quantity and size
of the inorganic particles [9].

The success of composite resin restorations depends
on the mechanical properties of composites and on their
behavior under the stress of the masticatory forces from
the oral environment. The purpose of this study is to
evaluate the following mechanical properties: flexural,
compressive and diametral tensile strengths of a Romanian
(experimental) composite resin [Barodent] in comparison
with the properties of other materials, already successfully
used on the dental market. This study continues our
previous research studies on composite biomaterials that
focused on the microstructural characterization as well as
on the evaluation of the marginal adaptation and adhesion
of these materials to dental tissues [10-13]. The goal is to
provide a complete characterization of these materials, in
order to start a clinical study.

2. Experimental

The materials under investigation are:

- a Romanian composite, Barodent, manufactured at
the Institute for Research in Chemistry “Raluca
Ripan” (ICCRR), Cluj-Napoca, Romania

- and two control composites BelleGlass® (Kerr
Corporation,Orange, USA) and Gradia® (GC,
Tokyo, Japan), used for comparison.

The composite materials were used following the
manufacturer’s instructions. All mechanical tests were
performed according to the international standards in the
field, preparing 10 specimens for each investigated
material (n=10).
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For the flexural strength testing, rectangular bar
shaped specimens were prepared according to 1SO
standard  4049:2000 [14] with the following
characteristics: 25+ 2.0 mm length, 2 £ 0.1 mm width, and
2 0.1 mm height.

For the compressive strength testing, cylindrical
shaped specimens were prepared with the following
characteristics: 4 mm diameter and 8 mm height,
according to ADA standard, specification no. 27/1993
[15].

For the diametral tensile strength testing, cylindrical
shaped specimens were prepared with the following
dimensions: 6 mm diameter and 3 mm height, according to
ADA standard, specification 27/1977 [16].

The composite materials were placed inside the
special designed moulds, and then covered with
transparent foil and light-cured using a halogen unit
Optilux 501®/ Kerr Corporation. The specimens were pull
out from the mould and light-cured from the opposite
direction. All samples were post-cured, then finished and
polished with abrasive paper disks (Optidics®/Kerr Corp).

Specimens were kept in distilled water, at 37°C for 24
hours. After drying, all specimens were subjected to
mechanical testing for the determination of flexural
strength (FS), compressive strength (CS) and diametral
tensile strength (DTS). The tests were performed in a
universal testing machine (Lloyd LR5K Plus/ Lloyd
Instruments Ltd, Fareham, England; piston speed =0.75

mm/min.), according to the standard procedure. All data
were visualized and analyzed with Nexygen PC software.
The maximum force for the fracturing point was registered
and FS, CS, DTS values (expressed in MPa) were
calculated using well-known formulas [14-16].

All mechanical data were statistically analyzed. The
normal distribution of data was performed with Shapiro-
Wilk test. The results for flexural strength test were
statistically analyzed using ANOVA and PostHoc
Bonferonni tests, while the results for compressive
strength and diametral tensile strength didn’t have a
normal distribution and they were processed with Mann-
Whitney test [17]. The significance level was 0.05. For the
statistical analysis, SPSS13.0 and Statistica 7.0 software
were used.

3. Results and discussion

The goal of the study was to determine the mechanical
properties i.e. flexural, compressive and diametral tensile
strengths of some materials designed for dental
restorations. The materials under investigation contain
Bis-GMA (bisphenol A glycidyl methacrylate) or UDMA
(urethane dimethacrylate) resins as organic matrix and
various types of hybrid materials as inorganic fillers
(Table 1).

Table 1. The composite materials used in the study and their main characteristics.

Compo_sne /Organic matrix Inorganic filler Polymerization protocol
material
*Bisphenol A-glycydil-
methacrylate (Bis-GMA) Hybrid filler (65 wt.%) * Light-curing (20 sec.)
Barodent/ * Triethyleneglycol * Barium based glass (50%); * Post-curing (T=135°C;
ICCRR dimethacrylate (TEGDMA) * Colloidal silica (20%) ; p=60 psi; N2
*Urethane dimethacrylate * Quartz (30%). atmosphere)
(UDMA)
. . Hybrid filler (87 wt%) * Light-curing (20 sec.)
BelleGlass/ r:;;f;’;i?;é’?ﬁ?g&% * Large prepolymerized particles; * Post-curing (T=135°C;
Kerr * Structural particles 0.4; p=60 psi; N2
* Silica nanoparticles atmosphere)
Hybrid filler (75 wt%) _ * Light-curing (20 sec.)
_ *Urethane * S_lllca mlcro-flller_mlxed with UDMA_ * Post-curing (in the
Gradia/GC resin, heat-polymerized and grounded in

dimethacrylate(UDMA)

small particles (10-50 um);
+ Silanised ceramic fine particles (<2 pm)

special light-curing
unit; 3 min.)

The materials Barodent, BelleGlass and Gradia were
used for specific specimen manufacture; the respective
specimens were submitted to the mechanical testing and
the results were statistically processed.

Flexural strength

The flexural strength (FS) indicates the material
resistance to bend before fracturing [5]. The FS-testing
implies subjecting rectangular bar shaped specimens to a
“three-points” bending force producing tensile stresses on

the inferior surface and compressive stresses on the
superior surface (where the force is applied), followed by
the specimen fracture [4,14].

The ANOVA test showed significant differences
between the three investigated materials; the level of
significance p was equal to 0.0003 (i.e. < 0.05). The
PostHoc Bonferonni test was used for data correction.
Mean value (mean) and standard deviation (SD), as well as
the level of significance (p) were calculated and the results
are shown in Table 2.
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Table 2. Mean values and standard deviations for FS (n=10).

Composite materials Mean£SD
Batch # 1 Batch # 2 Batch # 1 Batch # 2 P
Barodent BelleGlass 63.16+7.58 84.58+13.64 0.0002
Barodent Gradia 63.16+7.58 61.68+7.09 1.0000
BelleGlass Gradia 84.58+13.64 61.68+7.09 0.0001

The mean value for flexural strength for BelleGlass
composite (84.58 MPa) was significantly higher in
comparison with Barodent (63.16 MPa) and Gradia (61.68
MPa), the differences between them being statistically
significant (p<0.05). After data correction, statistical
significant differences were obtained between BelleGlass
and Barodent (p= 0.0002), and respectively, between
BelleGlass and Gradia (p= 0.0001). No significant
differences were noted between Barodent and Gradia
(p=1.0000)

The flexural strength illustrates the material’s
resistance to compressive and tensile forces that act
simultaneously on it [18]. The FS-data could be explained
by the differences existing between the materials’
composition as well as by their protocol of polymerization.

All composites have a post-curing step that assures a
high rate of monomer conversion and a superior bonding
between the organic matrix and inorganic filler. Barodent
has the same post-curing protocol with BelleGlass,
performed under pressure, in nitrogen atmosphere, while
Gradia implies an additional light-curing process. The
differences between Barodent and BelleGlass (p= 0.0002)
which have the same post-curing protocol could be
justified by the different amount of inorganic filler, that is

87 % in weight for BelleGlass and 65% in weight for
Barodent. There are many studies that underline this
hypothesis [9,19,20]. Kim et al. (2002) underlined that
composite material with higher amount of inorganic filler,
exhibits higher resistance to flexure and hardness [21].
The post-curing protocols of BelleGlass and Gradia could
explain their significant differences between them
(p=0.0001) [18].

Compressive strength

The compressive strength (CS) measures the force a
material can support, at a single impact before breaking
and gives information about the materials resistance to
deformation [4][6]. The CS-testing consists in applying
two axial forces from opposite direction on a cylindrical
shaped specimen [12].[22]

The mean values and standard deviations for CS data
were calculated with the Mann-Whitney test, the level of
significance being 0.05 (Table 3). Barodent, Gradia and
BelleGlass composites had the following mean values:
214.93, 226.11 and 241.64 MPa, respectively. There were
no statistical differences between the three materials
regarding compressive strength (p>0.05).

Table 3. Mean values and standard deviations for CS (n=10).

Composite materials Mean£SD
Batch # 1 Batch # 2 Batch # 1 Batch # 2 P
Barodent BelleGlass 214.93+20.45 241.64+42.61 0.08
Barodent Gradia 214.93+20.45 226.114+21.25 0.25
BelleGlass Gradia 241.64+42.61 226.11+21.25 0.48

According to the literature data, the mechanical and
physical properties of materials are influenced by the type,
size and shape of the inorganic particles [23]. The CS
values obtained for the materials under investigation could
be explained by the amount and characteristics of the
inorganic filler. For Barodent the filler is formed by a
mixture of barium based glass, colloidal silica, quartz
(65wt%), for BelleGlass the filler consists in a mixture of
large pre-polymerized particles and nanoparticles (87
wt%), while for Gradia, it is formed from ceramic
microparticles (75 wt%). The mean values were higher for
the materials with a bigger amount of filler.

These results are in agreement with those presented in
other studies that also show high CS values for composites
with high quantity of filler and also for those with ceramic
particles in their composition [23].

Diametral tensile strength

The compressive strength can be measured indirectly
by the diametral tensile strength (DTS) consisting in
applying a force, perpendicular to the longitudinal axis of
a cylindrical shaped specimen [4].

The mean values and standard deviations were
analyzed with Mann-Whitney test (Table 4). Gradia
composite had the higher mean value (43.21+5.71),
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followed by Barodent (42.25+3.81) and BelleGlass
(37.23+5.94) composites.

Table 4. Mean values and standard deviations for DTS (n=10).

Composite materials Mean£SD
Batch#1 Batch#2 Batch # 1 Batch # 2
Barodent BelleGlass 42.25+3.81 37.23+5.94 0.04
Barodent Gradia  42.25+3.81 43.21+5.71 0.85
BelleGlass Gradia 37.2345.94 43.2145.71 0.06

Statistical significant differences were observed only
between Barodent and BelleGlass composites (p=0.04).
Even though BelleGlass (37.23 MPa) has lower values for
DTS in comparison with Gradia (43.21MPa), there were
no statistical differences between the two materials
(p=0.06).

The DTS testing indicates the resistance of the dental
restorations to lateral forces generated by tooth
functionality [24]. Barodent composite has an intermediate
DTS value between the two well-known composites.
Although BelleGlass has lower values than Gradia, no
significant differences are observed between them
(p=0.06) because of the standard deviation which is higher
for BelleGlass, that is 5.94 in comparison with 5.71 for
Gradia. These results could be explained by the
differences between the material’s compositions [4].

The DTS testing can show different mean values for
apparently similar biomaterials. This could be explained
by the differences in organic matrix type [4].

The organic matrix of the majority of composite
materials is based on Bis-GMA resin which is an aromatic
dimethacrylate ester with a high rigidity and viscosity. In
order to improve the fluidity of the Bis-GMA resin and to
favour the filler dispersion, the resin is usually diluted with
other polymers with lower molecular weight, like
TEGDMA,; unfortunately they increase the polymerization
contraction with consequent negative effects on the
material properties. It has been stated that replacing Bis-
GMA with TEGDMA increases the DTS and decreases the
FS [4]. This could explain the results for Barodent that has
an organic matrix containing BIS-GMA, TEGDMA and
UDMA. UDMA monomer has a similar molecular weight
like Bis-GMA, but it is less viscous, so it assures a better
polymerization [25]. The replacement of Bis-GMA with
UDMA improves the mechanical properties, like flexural
strength and diametral tensile strength [26]. This could
explain our results, relative to the materials under
investigation. One can add that BelleGlass has an organic
matrix based on Bis-GMA, but also contains small
amounts of UDMA. This could explain that, the FS and
DTS results for BelleGlass are comparable with those for
Gradia composite.

The comparative mechanical testing results of the
investigated materials Barodent, BelleGlass and Gradia are
depicted in Fig. 1.

Fig. 1. Comparative analysis of mechanical tests results
(median, 25%-75% percentiles, minimum, maximum).

The mechanical properties of composites are criteria
on which the choice of the restorative materials and
technique is based. The flexural, compressive, diametral
tensile strengths are important qualities for a durable
restoration to occlusal forces in the wet oral environment.

5. Conclusions

The present study investigated the following
mechanical properties: flexural, compressive and diametral
tensile strengths of a Romanian composite resin
(Barodent) in comparison with two registered trademark
dental materials (Gradia and BelleGlass).

The statistical analysis of experimental data shows
that Barodent composite has lower values for flexural
strength in comparison with BelleGlass, but similar with
Gradia. Regarding the compressive and diametral tensile
strength, the results were similar with those of the
materials used for control.

The mechanical properties of Barodent composite
material are determined by its composition, that is the type
of organic matrix (Bis-GMA based resin), as well as by
the quantity (65 wt%) and type of inorganic filler (mixture
of barium glass, colloidal silica and quartz).

The mechanical properties of the experimental
composite material Barodent similar with the control
materials suggest that the material can resist to the
functional masticatory forces, being suitable for the oral
environment conditions. This fact remains to be validated
by clinical studies.
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