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Abstract
Aim:

The current in vitro study evaluated Vickers hardness (VK) and depth of cure (hardness ratio) of six
resin composites, polymerized with a light-emitting diode (LED) curing unit by different polymerization
modes: Standard 20 s, Standard 40 s, Soft-start 40 s.

Materials and Methods:

Six resin composites were selected for the present study: three microhybrid (Esthet.X HD, Amaris,
Filtek Silorane), two nanohybrid (Grandio, Ceram.X mono) and one nanofilled (Filtek Supreme XT).
The VK of the surface was determined with a microhardness tester using a Vickers diamond indenter
and a 200 g load applied for 15 seconds. The mean VK and hardness ratio of the specimens were
calculated using the formula: hardness ratio = VK of bottom surface / VK of top surface.

Results:

For all the materials tested and with all the polymerization modes, hardness ratio was higher than the
minimum value indicated in literature in order to consider the bottom surface as adequately cured
(0.80). Curing time did not affect hardness ratio values for Filtek Silorane, Grandio and Filtek Supreme
XT.

Conclusion:

The effectiveness of cure at the top and bottom surface was not affected by Soft-start polymerization
mode.

Keywords: Resin composites, standard polymerization, soft-start polymerization, Vickers hardnes

INTRODUCTION

Resin-based composites are used worldwide in dentistry, mainly because of their aesthetic quality and
good physical properties. Since resin composites were first developed, many efforts have been made to
improve the clinical behaviour of this restorative material.[1] Several studies have demonstrated that the
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degree of polymerization of light-cured resin composites depends on many parameters, such as, the
specific formulation (i.e. type and relative amount of monomer, filler and initiator/catalyst), the
wavelength distribution, the intensity of the incident light and the irradiation time.[2,3] Although both
organic and inorganic phases might influence the material behaviour, the filler particles features’ and
rate of curing are the most important factors related to an improvement in the mechanical properties of
the resin composites.[4] The intended areas of usage of resin composites have traditionally included a
trade-off between composites polish ability and strength, based on filler size and loading. Recently, resin
composites have been classified according to their filler particle size as hybrid (0,5-3 pm), microhybrid
(0,4-1 um) and microfilled (0,04-0,4 um). More recently, however, with the introduction of
nanotechnology in dentistry, a new class of resin composite, the nanofilled composite resin, is available
to clinicians, in an endeavour to provide a material presenting high initial polishing ability combined
with superior polish and gloss retention.

The degree of cure of visible light activated dental resins was recognized as important to the clinical
success of these materials soon after these materials were introduced.[5,6] A curing light intensity
output depends on many factors (light guide, condition of the bulb, battery life) and the total energy
determines the mechanical properties of the resin composites. Also, the distance of the light from the
the resin composite is a crucial factor.[7] In the last few years, curing light technology has advanced with
the introduction of high intensity halogen lights, plasma arc lights and light emitting diode units (LEDs),
with the aim of fast curing of resin composites and generating less heat. LED curing lights have recently
become very popular since they have a number of advantages over conventional halogen units. Different
light polymerization modes can affect the control on resin composite polymerization reaction.
Traditional modes use high initial irradiance and provide a higher degree of conversion (DC); on the
other hand, a higher shrinkage stress may be induced during polymerization reaction. Gradual
polymerization modes have been introduced in order to minimize polymerization shrinkage and
consequent marginal gap formation.[8]

Physical properties of composite resin are also dependent on the DC of the resin matrix. A positive
correlation has been demonstrated between increasing hardness and increasing DC; however, it was
concluded that an absolute hardness number could not be used to predict DC when different resin
composites are compared. A previously published study showed a significant correlation between the
degree of conversion and hardness, modulus of elasticity and flexural strength of dental restorative
resins.[9] The effectiveness of the composite cure may be assessed directly or indirectly.[10] Direct
methods that assess the degree of conversion, such as infrared spectroscopy and laser Raman
spectroscopy, have not been accepted for routine use as they are complex, expensive and time
consuming. Indirect methods have included visual, scraping and hardness testing. Incremental surface
hardness has been shown to be an indicator of the degree of conversion and a good correlation between
Knoops hardness and infrared spectroscopy has also been reported.

Hardness is defined as the resistance of a material to indentation or penetration. It has been used to
predict the wear resistance of a material and its ability to abrade or be abraded by opposing tooth
structures.[11]

To define depth of cure based on top and bottom hardness measurements, it is common to calculate the
ratio of bottom/top hardness, and give an arbitrary minimum value for this ratio. In order to consider
the bottom surface as adequately cured, values of 0.80 and 0.85 have often been used.[12] The current
in vitro study evaluated Vickers hardness (VK) and depth of cure (hardness ratio) of three microhybrid,
two nanohybrid and one nanofilled resin composites, polymerized with a LED curing unit by three
different polymerization modes.

MATERIALS AND METHODS
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Six resin composites were selected for the present study and were chosen in accordance with their type
of filler particles: three microhybrid (Esthet.X HD, Amaris, Filtek Silorane), two nanohybrid (Grandio,
Ceram.X mono) and one nanofilled (Filtek Supreme XT). The materials evaluated and their
manufacturers are shown in Table 1. During the whole experimentation, the resin composites were light
cured with a LED unit, Celalux IT (Voco, Cuxhaven, Germany). Three light polymerization modes were
used for each material: standard 20 s: 1000 mW/cm? for 20 seconds; standard 40 s: 1000 mW/cm? for
40 seconds; soft-start 40 s: 0 to 1000 mW/cm? for 5 seconds + 1000 mW/cm? for 35 seconds. The
hardness testing methodology used to assess the effectiveness of cure was based upon that used by Yap
et al.[13] Samples of the respective materials were prepared by placing the material into a stainless steel
mold (@ 7 mm, h 2 mm), and were placed on a dark opaque paper background covered with a polyester
matrix strip. This arrangement minimized the possibility of obtaining artificially higher hardness in that
area.[14] The mold was filled with the resin composite and a second polyester matrix strip was placed on
the top of the filled mold. A glass slide was pressed against the upper polyester film to extrude the excess
resin composite and to form a flat surface. The distal end of the light guide was placed against the
surface of the matrix strip and positioned concentrically with the mold; and, the material was then light-
cured from the top.

The cordless curing unit was maintained at full charge before use, and irradiance was checked with a
radiometer (LED Radiometer, Kerr, Orange, CA, USA). Six samples for each material and for each
polymerization mode were prepared. After polymerization, the samples were stored for 48 hours in
complete darkness at 37°C and 100% humidity before the Vickers hardness test (VK). The Vickers
hardness (VK) of the surface was determined with a microhardness tester (durometer ZHU 0,2 Zwick-
Roell, Ulm, Germany) using a Vickers diamond indenter and a 200 g load applied for 15 seconds. Five
VK readings were recorded for each sample surface (top and bottom); and the measurements were made
in a sequential pattern, starting with the bottom surface of all specimens, and in 1 mm increments from
the specimen centre and extending 2 mm in both x (east-west [E-W]) and y (north-south [N-S]) axes.
Hardness measurements were not taken at more than 4 mm from the specimen centre to avoid any
possible effect of the mold on polymerization.[14] For a given specimen, the five hardness values for
each surface were averaged and reported as a single value. The mean Vickers hardness and hardness
ratio of the specimens were calculated and tabulated using the formula: hardness ratio = VK of bottom
surface / VK of top surface.

RESULTS

The mean Vickers hardness of top and bottom surfaces and hardness ratio associated with the Standard
20 s polymerization mode is shown in Table 2. The mean Vickers hardness of top and bottom surfaces
and hardness ratio associated with the Standard 40 s polymerization mode is shown in Table 3. The
mean VK of top and bottom surfaces and hardness ratio associated with the Soft-Start 40 s
polymerization mode is shown in Table 4. Hardness ratio values for the three polymerization modes are
reported in Table 5. The influence of three curing modes (Standard 20 s and 40 s and Soft-Start 40 s) on
hardness ratio of six composite resins was compared. According to statistical analysis (t Student test), it
was observed that for all the materials there was no statistical difference (P > 0.5) in hardness values
recorded on top surfaces. A statistical significant difference (P < 0.01) was recorded on the bottom
surfaces for all the materials tested; and this is due to the reduced energy reaching the lower layers, thus
affecting the final hardness.

Despite this drastic difference between the values recorded on the top and bottom surfaces for all the
materials, hardness ratio was higher than the minimum value indicated in literature in order to consider
the bottom surface as adequately cured (0.80). A statistically significant difference (P < 0.01) was
recorded comparing Standard 20 s polymerization mode with both Standard 40 s and Soft-start 40 s
polymerization modes for Esthet.X HD, Amaris and Ceram.X mono. No statistical difference was
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recorded for Filtek Silorane, Grandio and Filtek Supreme XT. Comparing Standard 40 s and Soft-start
40 s polymerization mode, there was no statistical difference between hardness values recorded on top
and bottom surfaces.

DISCUSSION

Resin composites are widely used in restorative dentistry and specifically in posterior restorations,
putting the material under constant masticatory stresses. Resin composites with better mechanical
properties have been developed over these years. One of the most important parameters deciding the
resin composites’ resistance to stress is the depth of cure. The effectiveness of cure depends on the filler
particle type, size, quantity and on the parameters (intensity, time and polymerization modes) of the
light source.[15] Effective cure of light-activated composites is also important to prevent cytotoxicity of
inadequately polymerized material.[16] The optimal degree of curing throughout the bulk of a visible
light-activated dental resin composite is acknowledged to be important to the clinical success of a resin
composite restoration. Unfortunately, the dentist has no means of monitoring the cure of the resin
surfaces not directly exposed to the curing light.[17]

Moore et al.[12] stated that one brand of composite in flowable, hybrid and packable formulations did
not achieve a 2 mm depth of cure with 20 s light exposure. De Jong et al.[18] demonstrated that with
high intensity light-curing units, exposure times of 10s/2 mm increment can be sufficient to obtain
under in vitro conditions a high degree of conversion. These data suggest that a 2 mm buildup layering
technique may not result in adequate curing of the bottom layer for such a wide range of materials and
that manufacturers need to provide quantitative information about the degree of conversion at specific
activation times and light intensities for their entire range of resin materials and shades so that the
dentist can devise a placement technique that will ensure adequate cure of the bulk of a restoration.
These findings where in disagreement with some studies that have shown that 2-mm increments were
well polymerized.[7,19]

Ferracane[2] demonstrated good correlation between increasing hardness and increasing degree of
conversion. Bouschlicher et al.[20] concluded that the bottom-to-top surface microhardness ratios of a
composite resin proved to be an accurate reflection of bottom-to-top degree of conversion; bottom-to-
top microhardness; and, degree of conversion were independent of composite composition. The
development of new technologies and polymerization modes for photo-activation of restorative
composite resins has also caused a great interest among researchers. However, the real advantages of
these techniques are not yet totally known.[21] In the present study, 2-mm thick composite specimens
were used as it ensured uniform and maximum polymerization.[11] A2 shade was selected to minimize
the effects of colorants on light polymerization.[22]

The degree to which light-activated composites polymerize is proportional to the amount of light to
which they are exposed.[23] Ideally, the degree of polymerization of the composite should be the same
throughout its depth and the hardness ratio should be very close or equal to one. As light passes through
the composite, the light intensity is greatly reduced due to light scattering, thus decreasing the
effectiveness of cure at the bottom surface.[24] It was suggested that the hardness ratio should be
greater than 0.8% for light activated composites to be adequately polymerized.[25] In the present study,
the hardness ratio for all the tested materials was over 0.8% for Standard 20 s and 40 s and Soft-start 40
s polymerization. Denehy et al.[26] found that the top surface hardness of composites was less
dependent on light intensity than the bottom surface. The top surface is actually receiving the maximum
energy from the curing light.

A statistically significant difference (P < 0.01) was recorded comparing Standard 20 s polymerization
mode with both, Standard 40 s and Soft-start 40 s polymerization modes, at top and bottom surfaces,
for Esthet.X HD, Amaris and Ceram.X mono. No statistical difference was recorded for Filtek Silorane,
Grandio and Filtek Supreme XT. These results depend on the total amount of energy reaching the
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composite layer and on chemical composition of the composites. At the the top surface, it has also been
established that even relatively low intensity lights can cure the resin matrix to an extent almost equal to
when high intensity lights are used.[27] The general lack of significance between Standard 40 s and Soft-
start 40 s curing modes in top Vickers hardness found in this study corroborate the mentioned studies.
At the top surface, sufficient light energy reaches the photoinitiator, thus starting the polymerization
reaction.

At the bottom surfaces, a significant difference in VK was observed for all the materials, but no
statistical difference was observed between Standard 40 s and Soft-start 40 s polymerization modes.
This may be due to the very fast increase (5 s) of light intensity in Soft-start polymerization, while total
light exposure was very similar between the two polymerization modes.

About the properties of the composite resins, the results were generally dependent on the material
evaluated, especially with regard to filler features. Moraes et al. suggested that no trend towards the size
or shape of fillers affected hardness; and all materials generally presented different results in
comparison with one another. Grandio, for instance, presented the highest values, probably because of
its large particles and the highest filler content. Nanofilled Filtek Supreme XT showed significantly
higher hardness values than Esthet.X HD, Filtek Silorane and Ceram.X mono, which were all conceived
for posterior restorations. In this study, only one physical property was tested on a limited number of
composite resins polymerized with one type of unit. More research involving the use of other materials
and multiple combinations of polymerization modes is warranted.

CONCLUSION

Curing time did not affect hardness ratio values for Filtek Silorane, Grandio and Filtek Supreme XT. The
effectiveness of cure at the top and bottom surface was not affected by Soft-start polymerization mode.

Footnotes
Source of Support: Nil

Conflict of Interest: None declared.
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Figures and Tables

Table 1

Material Category Manufacturer Shade
Esthet.X HD Microhybrid Dentsply Caulk, Milford, DE, USA A2
Amaris Microhybrid Voco, Cuxhaven, Germany A2
Filtek Silorane Microhybrid 3M ESPE, St. Paul, MN, USA A2
Grandio Nanohybrid Voco, Cuxhaven, Germany A2
Ceram.X™ mono Nanohybrid Dentsply Caulk, Milford, DE, USA A2
Filtek Supreme XT Nanofilled 3M ESPE, St. Paul, MN, USA A2

Materials used in the study and their manufacturers

Table 2

Standard 20 s polymerization

Materials Top surface:  Bottom surface: Hardness ratio
Mean (SD) Mean (SD)
Esthet.X HD 52:2.{1.5) 45.4 (3.0) 0.87
Amaris 41.0 (1.6) 36.8 (0.8) 0.90
Filtek Silorane 51.0 (1.6) 45.6 (0.9) 0.89
Grandio 104.0 (5.7) 101.0 (1.2) 0.97
Ceram.X mono 55.8 (2.4) 44.8 (1.9) 0.80
Filtek Supreme XT 82.6 (1.1) 79.8 (1.6) 0.97

Mean Vickers hardness of top and bottom surfaces and hardness ratio recorded with the Standard 20 s

polymerization mode as seen in the study

Table 3

Standard 40 s polymerization

Materials Top surface: Bottom surface: Hardness ratio
Mean (SD) Mean (SD)
Esthet.X HD 59.8 (1.1) 55.6 (2.1) 0.92
Amaris 46.0 (1.6) 39.8 (1.6) 0.87
Filtek Silorane 50.8 (0.8) 45.0 (1.9) 0.89
Grandio 105.0 (3.2) 100.4 (3.2) 0.95
Ceram.X mono 62.6 (0.5) 58.2 (0.8) 0.93
Filtek Supreme XT 82.2 (1.9) 79.2 (1.5) 0.96

Mean Vickers hardness of top and bottom surfaces and hardness ratio recorded with the Standard 40 s

polymerization mode as seen in the study

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3410332/?report=printable

Pagina 7 di 8



Evaluation of Vickers hardness and depth of cure of six composite resins photo-activated with different polymerization modes 13/10/13 23.27

Table 4

Soft-Start 40 s polymerization

Materials Top surface: Bottom surface:  Hardness
Mean (SD) Mean (SD) ratio
Esthet.X HD 60.2 (2.6) 56.8 (2.6) 0.94
Amaris 45.8 (1.1) 39.0 (1.0) 0.85
Filtek Silorane 51.4 (0.5) 47.8 (0.8) 0.92
Grandio 103.2 (3.0) 100.2 (7.5) 0.97
Ceram.X mono 61.6 (0.9) 58.0 (1.0) 0.94
Filtek Supreme XT 84.6 (1.9) B31.0:(1-2) 0.96

Mean Vickers hardness of top and bottom surfaces and hardness ratio recorded with the Soft-Start 40 s
polymerization mode as seen in the study

Table 5
Materials Hardness ratio
Standard 20s  Standard 40s Softstart40s
polymerization polymerization polymerization
Esthet.X HD 0.87 0.96 0.94
Amaris 0.90 0.87 0.91
Filtek Silorane 0.89 0.89 0.90
Grandio 0.97 0.94 0.97
Ceram.X mono 0.80 0.93 0.94
Filtek Supreme XT 0.97 0.96 0.96

Hardness ratio values for the different polymerization modes as seen in the study
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