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Flexural and diametral tensile strength of
composite resins

Abstract: This study evaluated the flexural strength (c,) and the diam-
etral tensile strength (o) of light-cured composite resins, testing the hy-
pothesis that there is a positive relation between these properties. Twenty
specimens were fabricated for each material (Filtek Z250- 3M-Espe; AM-
Amelogen, Ultradent; VE- Vit-l-escence, Ultradent; EX- Esthet-X, Dent-
sply/Caulk), following ISO 4049 and ANSI/ADA 27 specifications and
the manufacturers’ instructions. For the o, test, cylindrical shaped (4 mm
x 6 mm) specimens (n = 10) were placed with their long axes perpendicu-
lar to the applied compressive load at a crosshead speed of 1.0 mm/min.
The o, was measured using the 3-point bending test, in which bar shaped
specimens (n = 10) were tested at a crosshead speed of 0.5 mm/min. Both
tests were performed in a universal testing machine (EMIC 2000) record-
ing the fracture load (N). Strength values (MPa) were calculated and sta-
tistically analyzed by ANOVA and Tukey (o= 0.05). The mean and stan-
dard deviation values (MPa) were Z250-45.06 = 5.7; AM-35.61 £ 5.4,
VE-34.45+7.8; and EX-42.87+6.6 for c; and Z250-126.52 + 3.3;
AM-87.75 + 3.8; VE-104.66 £ 4.4; and EX-119.48 £ 2.1 for c,. EX and
7250 showed higher o, and o, values than the other materials evaluated
(p £0.05), which followed a decreasing trend of mean values. The results
confirmed the study hypothesis, showing a positive relation between the
material properties examined.

Descriptors: Composite resins; Tensile strength; Physical properties.



Introduction

The increased demand for esthetic restorations
and need of improvement of the mechanical proper-
ties of composite resins contributed for the develop-
ment of these materials, which have been improved
to adequately meet the clinical requirements of di-
rect and indirect restorations in anterior and poste-
rior teeth.

Clinical application of composite resins for res-
toration of posterior teeth requires some mechanical
properties to avoid marginal degradation and frac-
ture of restorations. Investigations of new materials
to meet this need led to the development of high-
viscosity resins. These resins have advantages of
achieving proximal contact points, reducing polym-
erization shrinkage and resisting to higher stresses
for posterior teeth restoration.*

Composite resin posterior restorations are in-
fluenced by mechanical properties, such as fracture
toughness, compressive strength, flexural strength,
wear resistance and diametral tensile strength."»

The variation in strength between different com-
posites may be explained by the differences in the
chemical composition of the matrix, fillers, and fill-
er size and distribution.*¢ Thus, a reduction in size
and increase in volume of fillers are directly propor-
tional to an increase in compressive strength and
surface hardness.”*

A higher amount of fillers in composite resins
reduces the shrinkage but also increases the elastic
modulus, which reduces the flowing ability, thus not
compensating for the polymerization shrinkage, ul-
timately leading to higher intrinsic stress, adhesive
failure and reduced bond strength between material
and tooth structure.’

Composite resins have better mechanical prop-
erties, such as compressive strength, than other re-
storative composites such as conventional or resin-
modified glass ionomers, suggesting a longer clinical
life in regions submitted to occlusal loads.!

The literature reports a positive correlation be-
tween compressive strength and diametral tensile
strength. In both types of testing, specimens are
submitted to a compressive load applied at differ-
ent planes, and fracture occurs as a result of ten-
sile and complex shear stresses within the material.’
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Diametral tensile strength testing was developed to
investigate brittle materials with little or no plastic
deformation. In this test, a cylindrical specimen is
submitted to a compressive load in the diametral
plane, which is perpendicular to the longitudinal
axis.>!!

There is a close relationship between fatigue re-
sistance, hardness, elastic modulus, compressive
strength and diametral tensile strength of materi-
als. A restorative material with high compressive
strength, flexural strength and diametral tensile
strength may be clinically applied and should be re-
sistant to masticatory forces.>>!

The flexural strength test employs rectangular
bar specimens submitted to three- or four-point
bending, producing tensile stresses on the lower sur-
face of the specimen and compressive stresses on the
upper surface, where load is applied.”'" These meth-
ods have been recommended to test the strength of
composites.!>!3

Therefore, the aim of this study was to evaluate
the flexural strength and diametral tensile strength
of light-cured composite resins, testing the hypothe-
sis that there is a positive relationship between these
properties.

Material and Methods

This study investigated the flexural strength and
diametral tensile strength properties of four light-
cured composite resins (Table 1). The specimens
were fabricated according to the manufacturers’ in-
structions, ISO 4049'3 and ANSI/ADA specification
n. 27.12

For the diametral tensile test, 10 cylindri-
cal specimens were fabricated from each material
(4.0 £ 0.1 mm in diameter x 6.0 £ 0.1 mm in height)
according to specification n. 27 of ANSI/ADA, in
1993."2 The composite was inserted and packed in
a cylindrical glass mold whose ends were blocked
with two glass slabs. The material was light-cured
(XL1500, 3M Dental Products, light intensi-
ty > 450 mW/cm?) for 20 s through each end of the
cylinder. The specimens were removed from the
mold and excess material was removed using a 600
grit SiC paper. The dimensions of specimens were
checked using a digital caliper (Digimatic caliper,
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Table 1 - Composite resins investigated in the present study.

Composite resin Brand (manufacturer) Shade, batch | Composition of organic matrix* Composition of filler particles*
Filtek Z250 (3M-Espe, St. A3, 2LR UEDMA, Bis-EMA and Bis-GMA | Zirconia and silica particles
7250
Paul, MN, USA)
AM Amelogen (Ultradent Inc., A2, 3B6P Bis-GMA 52 vol% of silica dioxide and silicates
South Jordan, UT, USA) particles
VE Vit-l-escence (Ultradent Inc., A2, 39MC Bis-GMA 58 vol% of silica particles
South Jordan, UT, USA)
Esthet-X (Dentsply Ind. e Com. | A2, 010521 | Bis-GMA, Bis-EMA and Silanized fluoride, aluminum and
EX Ltda., Petrépolis, RJ, Brazil) TEGDMA barium borosilicate glass, colloidal
silica and nanometric silica.

*The composition of organic matrix and fillers was provided by the manufacturers.

Mitutoyo Corp., Tokyo, Japan). The specimens were
then stored in distilled water at 37°C for 24 h.

The specimens were tested under compressive
load in a universal testing machine (EMIC 2000,
Equipamentos e Sistemas de Ensaio LTDA., Sao José
dos Pinhais, PR, Brazil). Load was applied vertically
on the lateral portion of the cylinder, at a crosshead
speed of 1.0 mm/min, producing tensile stresses per-
pendicular to the vertical plane passing through the
center of the specimen.’

After each compressive test, the fracture load (F),
in Newtons (N), was recorded and the diametral
tensile strength () (in MPa) was calculated as fol-
lows:

c, = 2F/ndh (1)

where:
d: diameter (4 mm);
h: height (6 mm) of specimens;
m: 3.1416.

For the three-point flexural strength test, 10
bar-shaped specimens were fabricated from each
composite resin, following the manufacturers’ in-
structions and 1SO4049."3 The composite resin was
packed inside a stainless steel mold positioned on
a glass slab. A thin glass slab was positioned on
the mold containing the material, which was light-
cured (XL1500, 3M Dental Products, light intensi-
ty > 450 mW/cm?) for 20 s at each third of the up-
per and lower surfaces of the specimen (25 + 2 mm
x 2+£0.1 mm x 2+0.1 mm). All specimens were
removed from the mold and polished using a 600
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grit SiC paper to remove excess material. The di-
mensions of specimens were checked using a digital
caliper (Digimatic caliper, Mitutoyo Corp., Tokyo,
Japan). The specimens were then stored in distilled
water at 37°C for 24 h.

Specimens were submitted to the three-point
bending test in a universal testing machine (EMIC
2000, Equipamentos e Sistemas de Ensaio LTDA.,
Sao José dos Pinhais, PR, Brazil) at a crosshead
speed of 0.5 mm/min until fracture.

The maximum fracture load (F, in N) of each
specimen was recorded, and the flexural strength
(o), in MPa, was calculated as follows:

o= 3Fl/2bh>  (2)
where:
I: distance between the supporting
rollers (20 mm);
b: specimen width (~2 mm);
h: specimen height (~2 mm).

Results were statistically analyzed using analysis
of variance (ANOVA) and Tukey test, at a signifi-
cance level of 5§%.

Results

The mean and standard deviation values (MPa)
for the diametral tensile strength (c) and the flex-
ural strength (c,) are summarized in Table 2.

The mean o, values for Z250 and EX were sig-
nificantly higher than those of the other materials
investigated (p < 0.05), indicating that these restor-
ative materials support higher compressive load than



Table 2 - Mean and standard deviation values of diametral
tensile strength and flexural strength, and statistical group-

ing.

Groups Diametral tensile Flexural
strength (MPa) strength (MPa)
7250 45.06 = 5.7 A 126.52 = 3.3a
EX 42.87 = 6.6 A 119.48 = 2.1 a
VE 34.45+7.88B 104.66 = 4.4 b
AM 35.61 +5.48B 87.75 + 3.8 ¢

Mean values followed by similar letters in the column do not show statistical
difference (p = 0.05).

the other materials. There was no significant differ-
ence between the mean o, values for composites VE
and AM.

Since brittle materials are less resistant under
tension and there is development of tensile stresses
perpendicular to the long axis of specimens,'' these
stresses probably accounted for the fracture, which
always occurred along the vertical plane of load ap-
plication and followed the long axis of specimens.

The materials Z250 and EX presented statisti-
cally higher mean o, values than the other materi-
als investigated (p < 0.05). Composites Vit-l-escence
(VE) and Amelogen (AM) exhibited significantly
different values, with lower mean o, values for the
AM composite resin. All fractures initiated at the
tensile surface, close to the central region of speci-
mens, thus validating the experiment.

Discussion

The continuous improvement of mechanical
properties of adhesive systems and composite resins
still has not eliminated some limitations for the use
of these esthetic restorative materials, especially in
posterior teeth. However, the limitations are usually
related to polymerization shrinkage, reduced wear
resistance and fracture resistance, which may be
minimized by the scientific understanding of char-
acteristics and properties of these materials with
consequent improvement in manufacturing tech-
nology. This rationale is supported by the results of
some studies, which reported that better mechanical
properties values increase the resistance to wear and
to fracture, minimizing clinical problems involving
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anatomic form and marginal adaptation of compos-
ite resin restorations. >

The material selection for this study was based
on clinical use, manufacturer’s recommendations
and literature support.

The results of this study showed that the micro-
hybrid composite resins Amelogen (AM) and Vit-
l-escence (VE) presented the lowest mean o, and o,
values (Table 2). In the flexural strength test, the VE
composite resin exhibited significantly higher mean
values than the AM, which may be explained by the
filler volume difference between these two materi-
als (Table 1). In the diametral tensile test, however,
there was no statistical difference between VE and
AM composite resins.

Esthet-X is a microhybrid composite resin indi-
cated for anterior and posterior restorations, with
mean particle size smaller than 1 um, in addition
to the colloidal silica measuring 0.04 wm and nano-
metric silica particles. This microstructure along
with the composition described in Table 1 are, prob-
ably, the main reasons for the high mean o, and o,
values showed by this composite (Table 2). Similar
mean o, values were previously reported.'®

The diametral tensile strength test may reveal
different values for apparently similar materials.
However, this variation has been explained by the
difference between the polymeric matrix, size of
fillers and bond between fillers and matrix.'” The
matrix of most resins is composed of bisphenol-A
glycidyl-methacrylate (Bis-GMA), which is an aro-
matic ester of a dimethacrylate, synthesized from
an epoxy resin and methyl methacrylate; thus, it
is rigid yet presents high viscosity. The viscosity of
the polymeric matrix is reduced by the addition of
other low molecular weight polymers such as ure-
thane dimethacrylate (UEDMA) or triethylenegly-
col dimethacrylate (TEGDMA), as in the composite
Filtek Z-250, to improve the incorporation of fillers
and increase the degree of conversion of composite
resins. Therefore, it has been reported that replac-
ing BisGMA by TEGDMA increases the diametral
tensile strength yet reduces the flexural strength,
whereas replacing either Bis-GMA or TEGDMA by
UEDMA increases the diametral strength and flex-
ural strength,!” which was confirmed by the results
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in the present study. Similar mean o, values were re-
ported by other studies.'$"

Weinmann et al.® (2005) observed a higher
mean o, value for composite Filtek Z250 (166 MPa)
than that observed in the present study (126 MPa),
which in turn were higher than the mean o, val-
ue reported by Palin et al.'* (2003) (92 MPa). The
matrix of this composite resin contains UEDMA
and modified urethane (Bis-EMA), in addition
to Bis-GMA, which reduces the polymerization
shrinkage and the intrinsic stresses of the material.
Moreover, this microhybrid composite has 60%
of small silica particles, increasing the incorpora-
tion of a higher volume of fillers in the polymer-
ic matrix that allows for better accommodation
of particles during polymerization and provides
good surface smoothness after polishing. The high
mean o, and o, values of Z250 may be explained
by its higher volume of inorganic fillers, which im-
proves its intrinsic properties. Recently, Palin er
al.?* (2005) performed a similar study using Z250
and reported a mean o, value of 127 MPa, which
agrees with the mean o, value found in this study
(126.5 MPa). As the Z250 is indicated for direct
and indirect restorations of anterior and posterior
teeth, the ISO4049 standard'’ recommends a mini-
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