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An evaluation of the effect of curing systems and water
storage on the fracture toughness of two types of composite
resin filling materials with different organic matrix
composition (in vitro study)
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ABSTRACT
Background: Chipping and bulk fracture are major contributors to clinical failures of composite restorations. Fracture
toughness (KIC) quantifies susceptibility for fracture. Halogen light curing units have some specific drawbacks, such
as decreasing light output with time. This may result in a low degree of monomer conversion of the composite, which
is undesirable, as it can adversely affect mechanical properties including fracture toughness. This study was
conducted to evaluate the effect of conventional light cure unit (Astralis – 5), light emitted diode (Radii) and water
storage on the fracture toughness of packable composite (Filtek P60) and microfilled hybrid composite(Glacier).
Materials and Methods: KIC was determined by preparing 128 single – edge notched beam test specimens (2X4X20
mm with a 3mm long notch on one edge). The composite specimens were cured by Astralis – 5 or Radii and were
subjected to 3 – point bending test (without aging), after 1 day, 7 days, and 28 days storage in distilled water.
Student t – test followed by ANOVA (P<0.01) were used to analyze the results.
Results: The fracture toughness values were highly significant when using Radii light cure unit (for both types of
composites), and the fracture toughness values for P60 composite were highly significant.
Conclusions: Water aging from 7 days to 28 days didn't produce significant effect in the fracture toughness values for
P60 composite, but it led to a highly significant reduction in the fracture toughness values for the Glacier composite.
Resin containing Bis – GMA showed higher fracture toughness values than UDMA based resin.
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INTRODUCTION 1

crucial importance for the deterioration of
composite resin materials (5). A small change in
curing light intensities causes a significant
change in degree of conversion within a surface
zone (of 2mm deep) of the resin composite, so
the presence of poorly polymerized resin layer
is undesirable, as it can adversely affect
mechanical properties (4).To overcome these
problems, solid – state light – emitting diode
technology has been proposed for curing light –
activated dental materials (6).

Light curing resin based composites have
revolutionized clinical dentistry by maximizing
working time and minimizing setting time (1).
It's desirable for a dental composite to convert
all of its monomer to polymer during the
polymerization reaction, since adequate
polymerization is a crucial factor in obtaining
optimal physical properties and clinical
performance of resin composite restorative
materials (2).
It's widely accepted that, the mechanical
properties of restorative dental composites,
including fracture toughness, change with the
degree of monomer conversion (3). Mechanical
properties such as fracture toughness, may be
important properties of restorative materials,
that are used where sever biting stress can
propagate inherent defects, resulting in
inadequate fracture resistance of the materials
(4)
. Moreover, failures due to deteriorated
mechanical properties and wear may be
explained by the influence of moisture from
oral environment on the composite, leading to
degradation, since the presence of water is of

MATERIALS AND METHODS
The materials used in this study are shown
in Table 1, and the two types of light curing
systems that had been used are shown in Table
2.
One hundred twenty eight single – edge
notched beam test specimens were used to
determine the fracture toughness (KIC). The
test specimen configuration conformed to the
American Society for Testing Materials guide
lines for the single – edge notched beam
specimen (7).
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Table 1: Manufacturer's scientific documentation for the composite restorative materials used in
this study.
Product
Manufacture

P60
Glacier
3M Dental Products Southern Dental Industries
(USA)
(Australia)
Composite Type
Packable
Microfilled hybrid
Resin components Bis – GMA, UDMA,
Bis – EMA
Filler Type
Zirconia/ silica

UDMA, DDDMA
Strontium glass and
amorphus silica.

Filler Loading
(wt/ vol)

83%wt / 61%vol

77%wt / 62%vol

Curing Time

20s

20s

Table 2: Two types of light curing systems were used.
Traditional Name
Astralis – 5
Radii
Curing Light System Conventional QTH Light Emitted Diode
Light Type

Halogen

LED

Curing Tip Diameter

8 mm

7.2 mm

Irradiant Spectrum

400 – 500 nm

440 – 480 nm

Light Intensity

530mW/cm²

1400mW/cm²

mm long notch on one edge. Composite resin
material was applied in the mold in 2 mm
increments, adapted and packed by a plastic
instrument (8) The middle third was activated
first, then both of the lateral thirds were
activated (4) (Figure 1).

A custom made stainless steel alloy mold
with a sharp blade on one edge was constructed
to reproducibly form the composite specimens,
into which, the mold consisted of three parts
that were assembled and fixed together to form
the mold (8). The dimensions of each specimen
used in this study were 2 X 4 X 20 mm with a 3

Figure 1: Diagrammatic representation of the single – edge notched beam
test specimen
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center of the specimen (8).
The fracture
toughness was calculated with the equation:
KIC = (P L / b w 1.5) f (a/w) where KIC
= Stress intensity factor, P = Maximum load at
fracture, L = Span (distance between the
supports), w = Width of the specimen, a =
Crack length, b = Thickness of specimen, f(a/w)
= Function of a and w, whose value is obtained
from the ASTM standard (7).
All the specimens of the other subgroups,
were immersed in a deionized distilled water
inside the sealed polyethylene vials, and
maintained inside the incubator at 37±3Cº.
After each time intervals, the specimens of the
other subgroups were removed from water,
subjected to three – point bending test as
described previously. The data for KIC
measurements for the 16 groups were analyzed
and compared by Student t – test, and one –
way ANOVA (P< 0.01).

Immediately after each curing of composite
resin specimen, the specimen was carefully
removed from the mold, and light polymerized
on each side for an additional 60seconds (8). The
total 128 composite resin specimens were
divided according to the type of composite
materials into two groups, each of 64 specimens
(packable composite P60 and microfilled –
hybrid Glacier composite). Each group was
further subdivided into two subgroups of 32 –
specimens, according to the type of light curing
system used (conventional and light emitted
diode), which in turn subdivided into four
divisions of 8 – specimens, each according to
the aging periods ( 0–day, 1–day, 7–days, 28–
days). The specimen of 0 – day was subjected
to the test without aging. A universal testing
machine (Instron) was used to apply central
load to the specimen in a three – point bending
mode at a crosshead speed of 0.5 mm/min. The
maximum load at failure was recorded in
Newton and calculated in MPa.
Visual examination of the fractured parts
was also performed to ensure that the fracture
plane was through the notch, and perpendicular
to the vertical and horizontal planes through the

RESULTS
Mean and Standard Deviation of fracture
toughness values for all groups are presented in
Table 3.

Table 3: Mean (M) and standard deviation (SD) of the fracture toughness values for all groups.
Composite
Curing unit
Statistics
0 – day
1 – day
7 – days
28 – days

P60
Astralis-5
Mean ± (SD)
1.39 ±
(0.0307)
1.49 ±
(0.0245)
1.63 ±
(0.0200)
1.66 ±
(0.0293)

Radii
Mean ± (SD)
1.47 ±
(0.0273)
1.54 ±
(0.0334)
1.79 ±
(0.0444)
1.80 ±
(0.0200)

Radii
Mean ± (SD)
1.05 ±
(0.0346)
1.24 ±
(0.0245)
1.40 ±
(0.0363)
1.26 ±
(0.0273)

values when the specimens were water aged
from 7 – days to 28 – days.

Student t–test revealed that, there was a
highly significant difference when comparing
between the composites cured with Radii or
Astralis – 5, and there was a highly significant
difference when comparing between P60
composite and Glacier composite (regardless of
type of light cure system used). From ANOVA
test, it can be seen that, the fracture toughness
values increased from 0 – day to 1 – day, and
from 1 – day to 7 – days. For P60 composites,
there was non significant difference in water
aging period from 7 – days to 28 – days, while
for the Glacier composite, there was a highly
significant reduction in the fracture toughness
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Glacier
Astralis-5
Mean ± (SD)
0.88 ±
(0.0293)
1.19 ±
(0.0278)
1.37 ±
(0.0227)
1.18 ±
(0.0293)

DISCUSSION
Fracture toughness is an important
characteristic of resin composite restorative
materials, because it is related to the resistance
of flaw propagation of an existing defect. Such
crack propagation can lead to both macroscopic
marginal and bulk fracture of resin composite.
A fracture toughness parameter, KIC is related
to the stress field around a sharp crack. It's a
measure of the crack propagation resistance (9).
The results of this study could be explained
through the analysis of the total amount of

3

J Bagh Coll Dentistry

Vol. 18(1), 2006

curing, as the quantity of fillers, which
increases physical properties, remains the same
(13)
. The increase in the fracture toughness with
increase in storage time could be explained that,
allowing polymerization process to mature, led
to an increase in the fracture toughness values
(3)
. For the P60 composites, there was non
significant difference in KIC values from 7 –
days to 28 – days .The resin matrix of P60
composites are made up of Bis – GMA
/UDMA/ Bis – EMA. These monomers have
high monomer weight, and therefore; fewer
double bonds per unit area. On the other hand,
Bis –EMA is Bis – GMA derived with the
hydroxyl groups are removed (14) and the greater
hydrophobicity of the Bis – EMA should reduce
the effect of aging (13). This could be explained
that, the highly cross – linked matrix was
simply more resistant to the effect of solvent,
even after saturation was attained , and this
result in a significant decrease in the solvent
permeability of polymer, because they decrease
the hole – free volume and the ability of
polymer chain for swelling (15). For the Glacier
composite material, the decrease in, KIC from 7
days to 28 days aging in water could be
explained that, the water molecules are thought
to hydrolyze the bonds at the interfaces,
between polymer matrix and inorganic filler
particles. This result in interface cracking and
hydrostatic stresses, that promote mechanical
break down by easier crack propagation (lower
KIC) (16).

energy released by each light curing system
during polymerization (4).To calculate the
energy density, the output of the curing source
(in mW/ cm²) and the duration of exposure (in
seconds) were used. The energy density is
expressed in Jouls (J) per spot size area (cm²)
and is described by the following equation:
Energy density = (Watts X seconds) / cm² =
Jouls / cm² = J / cm² (4).
When comparing between the two light
curing systems, the total energy released from
the conventional light curing unit at 20 seconds
exposure was 10.60 J/cm² (0.53 W/cm² X 20
seconds), while for the light emitted diode light
curing system was 28.00 J/cm² (1.40 W/cm² X
20 seconds), which is higher than the energy
released by the conventional light curing
system. This could be explained that, the
increased light energy for curing composite
caused an increase in the conversion of
monomer, which leads to enhanced crosslinking
density of the polymer, and an increase in the
KIC values of the composites (4).
For Glacier, the resin matrix is
UDMA/DDDMA. The decrease in the fracture
toughness could be explained by lower fracture
toughness values for the monomer DDDMA,
when it was compared with other monomers,
(10)
. In this study, both types of composites that
had been used contain non crystalline filler
(glass), and are characterized by high filler
loading, which is 61% volume for the P60, and
62% volume for the Glacier, and the fracture
toughness values of P60 composite were highly
significant than those of Glacier composites, so
the filler loading showed no effect on the
fracture toughness values in this study.
In this study, KIC increased significantly
from 0 – day to 1 – day, and from 1 – day to 7 –
days. This could be explained in terms of
incomplete polymerization and post cure into
which, in photo – activated materials, the
polymerization is far from complete when the
curing light is turned off, but rather proceeds
for 24 hours, to almost 7 days (11), and with high
molecular weight monomers such as Bis –
GMA or UDMA, there is always an incomplete
and significant concentration of unreacted C=C
remaining within the resin (2). Such incomplete
conversion may leave unreacted monomers that
might dissolve in a wet environment (12). The
increase in physical properties, after water
aging, can be attributed to additional cross–
linking reactions and increase in the degree of
conversion of resin components after light
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