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Abstract - The aim of this study was to evaluate whether a post-cure heat-treatment may improve the flexural strength of 
two indirect resin-based composites. Tested factors were: material (Gradia Indirect, Gradia Forte), mass (opaqus dentin, 
dentin, enamel) and curing mode (light, light and heat). A three-point bending test appliance was developed according 
to ISO 4049/2000. Three-Way ANOVA and 2-Pameter Weibull cumulative distribution function were performed. Factors 
material and curing mode were significant (p < 0.001), while the mass type was not (p = 0.181). A post-cure heat treat-
ment may be useful for enhancing the flexural strength of both materials.
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INTRODUCTION

Recently, among the materials available for the aesthetic 
treatment of anterior and posterior teeth, a growing interest 
has been directed toward the use of indirect resin compos-
ites1. Aesthetics needs, reduced costs of simplified laboratory 
procedures and concerns about the presence of metals, have 
contributed to expand the applications of resin composites, 
originally developed as restorative materials, to full coverage 
crowns and small fixed partial dentures 2, 3. In spite of a similar 
chemical composition, indirect resin composites are known 
to possess superior physical and mechanical properties than 
in situ-cured resin restorations 4. The clinical behaviour of 
indirect composites may be further improved by performing 
a post-curing heat treatment, which is supposed to increase 
the degree of monomer conversion5. Fracture toughness6, 
flexural strength and modulus6, 7, surface hardness8, 9, mar-
ginal integrity 10 and biocompatibility 11, are some of the 
properties that seemed to benefit from post-curing treatment.  
A new indirect resin composite, classified as MFR (i.e., Mi-
croparticle Filled Resin) nano-hybrid type (Gradia Forte), 
was recently introduced on the market. For this material, a 
dry heat-curing process following the standard light-curing 
is recommended by the manufacturer. 

The aim of this study was to evaluate whether a post-curing 
heat treatment may have a beneficial effect on the flexural 
strength of two indirect resin-based materials. The null 
hypotheses investigated were that there is no difference in 
the composite flexural strength: (a) when a dry heat-curing 
is performed as an additional post-curing treatment, (b) re-
gardless of the composite material used, and (c) irrespective 
of the selected mass.

MATERIALS AND METHODS

Two indirect resin composites (Gradia Indirect; Gradia 
Forte) were used in this study (Table 1). For each material, 
three masses were selected: opaqus dentin (OD), dentin (D) 
and enamel (E). Twenty bar-shaped composite specimens 
were made of each mass, using a vinylpolysiloxane-based 
mould (Elite H-D+) with dimensions of 25 mm length, 2.1 
mm height, and 2.1 mm width. The mould was filled by 
layering two increments, of about 1 mm in thickness. Each 
increment was light-cured for 30 s. A polyethylene strip 
was positioned and pressed against the last increment of 
composite with a glass slide in order to obtain a flat sur-
face.  All the specimens were light-cured in a light-curing 
unit (Labolight LV-II) for 3 min. In addition, ten specimens 
for each mass were also heat-cured in a heat-curing device 
(Petit Oven PO-I) for 15 min at 110 °C. 

Specimens were wet-ground with 600 and 1200 FEPA 
metallographic paper, until the dimensions of 2.0 ± 0.1 
mm in height and 2.0 ± 0.1 mm in width were obtained, 
as required by the normative ISO 4049/2000 12, and then 
stored in distilled water for 24 h. Afterwards, a three-
point bending test was performed by using a new device 
developed to run the test, as specified by the indications 
reported in ISO 4049/2000 12. The appliance consisted of 
two HSS/Cobalt rods (diameter: 2 mm) mounted paral-
lel with 20 mm between centers (support span: 20 mm). 
Each specimen was loaded at its center with a cylindrical-
ended striker (diameter: 2 mm), with a crosshead speed 
of 0.75 mm/min until failure in a universal testing ma-
chine (Triaxial Tester T400 Digital). The load at failure 
was recorded and the flexural strength (σ) was calculated 
in Megapascals (MPa) using the following equation:

 
σ = 

3Fl

2bh2

where F is the load at failure (N), l is the spam between 
the supports (mm), b is the specimen width (mm), and 
h is the specimen height (mm).
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Table 1. Manufacturer, batch number and composition of the materials used in this study.

Gradia Indirect Gradia Forte

Manufacturer GC Corp., Tokyo, Japan GC Corp., Tokyo, Japan

Batch N. 0612121 0610111

Composition (% in weight)

Urethane based methacrylate 21 20

Multifunctional methacrylate 4 4

Silica nano-fillers 5 4

Fine particle glass fillers 49 69

Prepolymerized fillers 21 3

Photoinitiator Trace Trace

Pigment Trace Trace

 
 
Figure 1.  2-parameter Weibull cumulative distribution function. L: Light curing; LH: Light curing 
+ heat treatment.

Table 2. Means and standard deviations (S.D.) of the flexural strength measured in the tested groups.

Group Material Curing Mode Mass N Mean (MPa) S.D. (MPa)

1

Gradia Indirect

L

OD 10 71.1 8.1

2 D 10 84.1 10.8

3 E 10 90.5 13.6

4

LH

OD 10 97.0 4.9

5 D 10 101.5 16.6

6 E 10 109.9 5.9

7

Gradia Forte

L

OD 10 128.9 12.5

8 D 10 112.4 11.4

9 E 10 112.5 15.3

10

LH

OD 10 135.0 17.9

11 D 10 129.9 18.5

12 E 10 136.8 20.9

 
L: Light curing; LH: Light curing + heat treatment; OD: Opaqus dentin; D: Dentin; E: Enamel. 
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As the data were normally distributed (Kolmogorov-
Smirnov test), and groups exhibited homogeneous vari-
ance (Levene test), a three-way ANOVA was employed 
for examining the effect of “material”, “mass” and “curing 
mode” (i.e., independent variables) on the composite flexu-
ral strength (i.e., dependent variable). The analyses were 
processed by the SPSS 12.0 software with significance set 
at the 95% probability level. A 2-Pameter Weibull cumu-
lative distribution function was also performed in order 
to determine the failure probability at specific loads. The 
equation used was:

( )
κ

λ
χ

λκχ





−

−= eF 1,; ,

where χ are the investigated values, κ is the Scale Parameter 
(Characteristic Life) and λ is the Shape Parameter.

RESULTS

The means and standard deviations of the flexural strength 
for all the tested groups are presented in Table 2. The 
three-way ANOVA revealed that factors material and curing 
mode were significant (p < 0.001), while factor mass was 
not (p = 0.181). Only the interaction between material and 
mass was statistically significant (p = 0.001).

The statistical analysis pointed out significant differences 
between the tested resin-based composites, with Gradia 
Forte recording superior flexural strength than Gradia In-
direct. For both materials, post-cure heat treatment resulted 
in statistically higher values than light-cured groups. When 
Gradia Indirect was only light-cured, flexural strength 
ranged between 71.1 ± 8.1 MPa (L-OD) and 90.5 ± 13.6 
MPa (L-E), while when it was also heat-cured results 
ranging between 97.0 ± 4.9 MPa (LH-OD) and 109.9 ± 
5.9 MPa (LH-E) were obtained. Flexural strength between 
112.4 ± 11.4 MPa (L-D) and 128.9 ± 12.5 MPa (L-OD) and 
between 129.9 ± 18.5 MPa (LH-D) and 136.8 ± 20.9 MPa 
(LH-E) were achieved, respectively, for light-cured and 
light/heat-treated Gradia Forte.

The 2-Parameter Weibull distribution curve is presented in 
Figure 1. The lowest probability of failure was recorded 
for light/heat-cured Gradia Forte (κ = 141.74; λ = 8.32), 
followed by light-cured Gradia Forte (κ = 124.36; λ = 
9.06) and light/heat-cured Gradia Indirect (κ = 107.79; 
λ = 10.35). The highest probability of failure was found 
in flexural specimens made of light-cured Gradia Indirect  
(κ = 87.49; λ = 7.02).

DISCUSSION

The three-point bending test was used to evaluate the me-
chanical behaviour of the resin composites by measuring 
their flexural strength. This is basically a monotonic test, 
as a static load is applied to the specimen up to failure, 
and it is not entirely representative of the fatigue resist-
ance and the clinical behaviour of the tested material 13. 
However, the three-point bending test is considered as a 
reliable method to evaluate the flexural strength 14, it is 
recommended in the ISO 4049/2000 specification 12 and it 
is commonly used for comparative purposes 14-17.  

Post-curing heat treatment had a significant influence 
on the composite flexural strength of the tested indirect 
composites. Hence, the first null hypothesis was rejected.  
In light-cured, methacrylate-based composites, 30 to 45% 
of the resin monomers remain unreacted in the form of 
pendant C=C bonds 18-20. Several studies have shown that 
a significant positive correlation exists between the degree 
of conversion of residual monomers into polymer and 
the physical and biological behaviour of the resin-based 
material 6. The exposure of a previously cured composite 
restoration to high extra-oral temperatures may induce 
an additional activation of the polymerization reaction 21. 
As the reactive potential of residual resin monomers is 
compromised by the presence of oxygen and water and 
it gradually decays over time after polymerization 22, 23, 
the earlier heat is applied after initial photo-curing and 
the higher is the overall conversion value 24, 25. It has been 
shown that if post-cure heating is performed within 6 hours 
of initial light-curing, the degree of cure and the overall 
material’s properties may still be improved 25. The extent of 
polymerization was found to raise linearly with the increase 
of post-cure temperature, which was even more beneficial 
than heat treatment duration on monomer conversion 11, 
21.  Temperature is thought to accelerate the mobility of 
the dimethacrylate resin monomers and to result in a more 
homogenous polymer matrix 26. Three are the mechanisms 
proposed by Bagis and Rueggeberg 5 to explain the lower 
content of residual, potentially leachable monomers after 
post-cure heating: the covalent bonding of C=C bonds to 
the polymer network, the decrease in diffusion channel 
size when the higher degree of conversion is associated 
with a superior cross-link density in the polymer, and/or 
the volatilization of the resin monomers promoted by the 
temperature increase.

In this study, post-cure heating at 110°C for 15 minutes 
led to a significant improvement of the composite flexural 
strength. This is in line with a previous investigation 6, 
showing a major enhancement of several physical prop-
erties when indirect resin composites were post-cured at 
80-120°C for 15 minutes. The increase in composite flexural 
strength is presumably related to the higher degree of 
monomer conversion achieved at these temperatures 5. 
In the present investigation, the beneficial effect of heat-
treatment for Gradia Forte, as claimed by the manufacturer, 
was confirmed. A further finding was that heating also 
resulted a valuable post-curing method for Gradia Indirect, 
for which no post-curing method after light-curing is usu-
ally recommended and has so far been proposed.

Significant differences in composite flexural strength were 
detected among the two tested materials, thus leading to 
the rejection of the second null hypothesis. It is known that 
the mechanical properties of resin-based composites are 
mainly dependant upon their microstructure and composi-
tion, such as the composition of the matrix 27-29, the type, 
quantity, size of fillers and their interface with the resin 
matrix 16, 29-31. Varying the matrix composition and the rela-
tive amounts of UDMA, UEDMA, BisGMA and TEGDMA has 
a significant effect on the physical properties of the resin 
28, 32. However, fillers are considered more influent on the 
final mechanical properties of the resin-based material 33. 
Rodrigues et al. 16 found a significant positive correlation 
between the filler weight and flexural strength/modulus of 
elasticity. The bonding between the matrix and the filler 
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particles also plays an important role in the behaviour of 
nano-filled composites 27. In particular, if the particles are 
non-bonded with the resin matrix, the overall wear resist-
ance of the material can be affected. The results obtained 
in this study indicated that for a given curing cycle, the 
two composites achieved statistically different flexural 
strength values. An explanation might reside in the dif-
ferent chemical composition of tested materials. Based on 
the information provided by the manufacturer, the two 
composites have a similar filler loading, ranging between 
75 and 76% in weight (Table 1). Although the exact com-
position of the resin matrix is not specified, the greatest 
difference seems to involve the type of filler used (Table 
1). Gradia Forte, which obtained better results, presents a 
larger percentage of fine particle glass filler (69% instead 
of 49%) and a smaller percentage of pre-polymerized fillers 
(3% instead of 21%).

No significant differences were found in specimens made 
by different masses (opaqus dentin, dentin and enamel), 
thus leading to the acceptance of the third null hypothesis.

From the information provided by the manufacturer the 
composition of the tested masses is the same for each ma-
terial. Based on this information, the differences in opacity 
may be reasonably due to the pigments type/quality, but 
this is not specified by the manufacturer itself. Therefore, 
a possible difference in mechanical properties (not found 
in this study) of different masses should not be attributable 
to compositional differences. Shortall 34 investigated the 
influence of the material’s shade on the depth of cure of 
a direct composite and a correlation between the opacity 
of the material and the depth of cure was found. Similar 
results have been shown by Tanoue et al 35, which dem-
onstrated that the depth of cure may be influenced by the 
shade letter (A, B, C or D) and the shade number (1 and 2, 
or 4). To prevent a possible influence of the shade on the 
results, in this study the specimens were made by using 
the same shade for the different masses tested (A3). The 
difference in opacity between opaqus dentin, dentin and 
enamel was clinically visible, and it was logical to expect 
a better polymerization in a more translucent mass (i.e. 
enamel), rendered in a higher flexural strength. The meth-
ods used in this study may have reduced this phenomenon. 
Specimens were fabricated according to the manufacturer’s 
instructions, by layering and light-curing increments of 
about 1 mm in thickness. A final light-curing of 3 min 
was also performed. In these conditions the influence of 
the mass type on the composite flexural strength was not 
statistically relevant.

MANUFACTURERS’ DETAILS

•	 Elite H-D+: Zhermack Spa, Badia Polesine, Italy.

•	 Gradia Forte: GC, Tokyo, Japan.

•	 Gradia Indirect: GC, Tokyo, Japan.

•	 Labolight LV-II: GC Corp., Tokyo, Japan.

•	 Petit Oven PO-I: GC Corp., Tokyo, Japan.

•	 SPSS 12.0: SPSS, Chicago, IL, USA.

•	 Triaxial Tester T400 Digital: Controls, Milano, Italy.
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