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ABSTRACT

This study investigated the effectiveness of poly-
merization of various curing regimes on five
nanocomposite restorative materials—Z350,
Grandio, Clearfil Majesty Esthetic, Ice and Tetric
EvoCeram—by utilizing microhardness measure-
ments. Five (n=5) disc-shaped specimens of each
material were subjected to one of three curing
regimes: curing with a halogen light for 20 sec-
onds, curing with an LED light for 20 seconds
and curing with an LED light for 10 seconds.
Immediately following curing, hardness meas-
urements were made with a Vickers indenter at
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five different locations on both the top and bot-
tom surfaces of each disc. The mean for each sur-
face was calculated. Data were analyzed using a
one-way ANOVA and post-hoc Tukey HSD
(α=0.05). The results demonstrated that among
the Z350 composite samples, top and bottom
microhardness values showed no statistical dif-
ferences when cured with the halogen 20 second
or LED 20 second regimes (p>0.05). Comparison
of the top and bottom values of discs cured with
the LED 10 second regime demonstrated signifi-
cant differences (p<0.0001). Grandio samples
cured with the halogen 20 second regime showed
no statistical differences between top and bot-
tom microhardness values (p>0.05); however, the
bottom values of Grandio discs cured with the
LED 20 second and 10 second regimes were sig-
nificantly lower when compared with top surface
values (p=0.001 and p<0.0001, respectively).
Clearfil Majesty Esthetic, Ice and Tetric
EvoCeram samples cured with the halogen 20
second regime produced significantly lower bot-
tom microhardness values, while both LED
regimes produced top and bottom surfaces that
were statistically comparable. The conclusion
may be drawn that LED 10 second curing
regimes were insufficient to cure Z350 and
Grandio, while they were adequate for curing
Clearfil Majesty Esthetic, Ice and Tetric
EvoCeram.

INTRODUCTION

Dental composites have conventionally been polymer-
ized with quartz-tungsten-halogen (QTH) light-curing
units (LCUs). Recently, newer curing units with vari-
ous irradiation modes have been introduced to the pro-
fession. These include lasers, plasma arc and light-
emitting diodes (LEDs). Even though these newer irra-
diation sources vary in properties, such as intensity,
exposure time and wavelength spectrum, the aim of
most units is to decrease curing time and reduce poly-
merization shrinkage, along with the associated
stresses, and increase the degree of conversion of
resin.1-3

LED units produce light within a very narrow wave-
length spectrum that falls within the absorption spec-
trum of camphoroquinone, a commonly employed pho-
toinitiator in dental composite systems.4 This property
makes these units far more efficient; however,
research has demonstrated that composites cured with
earlier versions of these light sources have inferior
mechanical properties, such as microhardness or com-
pressive strength when compared to composites cured
with quartz-tungsten-halogen lights.5

Second-generation LED lights, such as the Elipar
Freelight 2, are purported by the manufacturer to

achieve a 50% reduction in cure time due to an
increased light intensity. According to the manufactur-
er’s information, Freelight 2 uses a larger semiconduc-
tor crystal compared to conventional LED lights. This
kind of crystal increases both the illuminated area and
light intensity.

The physical and mechanical properties of dental
composites are determined primarily by the filler con-
tent, particle size and particle size distribution.6

Researchers, however, have demonstrated that the
resin matrix also plays an important role in influenc-
ing the mechanical properties of composite materials,
such as flexural strength.7-8 The degree of conversion of
the resin matrix and, accordingly, the dental compos-
ite’s physical properties, are dependent on radiation
exposure, which is the product of irradiance value and
irradiation time delivered during the polymerization
process.9-10

Hardness or microhardness is often traditionally
used as an indirect measurement of effectiveness of
composite cure or the degree of conversion.11-12

Microhardness measurements, though, are affected
not only by the degree of resin conversion, but by the
type and volume percentage of filler, storage conditions
and the presence or absence of an oxygen-inhibited
layer.6,12-13 Using hardness measurements alone to
measure the degree of conversion may be problematic.
Some researchers have noted a predictable relation-
ship between degree of conversion and the ratio of
hardness measured at the bottom and top surfaces of
beam-shaped specimens.14 However, other studies
have shown no strong correlation between hardness
and the degree of conversion.6

The aim of the current study is to quantify the effect,
if any, that differing irradiation sources (halogen and
second-generation LED) may have on one nanofilled
and four nanohybrid tooth-colored composite restora-
tive materials by measuring their microhardness val-
ues.

METHODS AND MATERIALS

Five composites materials: one nanofilled (Z350 [3M
ESPE, St Paul, MN, USA]) and four nanohybrids,
(Grandio [Voco, Cuxhaven, Germany], Clearfil Majesty
[Kuraray America Inc, New York, NY], Ice [SDI,
Bayswater, Victoria, Australia] and Tetric EvoCeram
[Ivoclar Vivadent, Schaan, Liechtenstein]) of shade A3
were utilized for this study. The curing lights used
were the 3M Elipar Freelight LED light (3M ESPE)
and the Biolite 2100 halogen light (Medeco
International, Inc, Miami, FL, USA). Prior to and dur-
ing preparation of the composite samples, the output of
both lights was measured with radiometers (Demetron
LED and Halogen radiometers, Kerr Corporation,
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Orange, CA, USA), the results of which are presented
in Table 1.

All the resin composite specimens for mechanical
testing were exposed to one of three curing regimes: (a)
curing according to the manufacturer’s instructions
with the halogen light (20 seconds); (b) curing accord-
ing to the manufacturer’s instructions with the LED
light (20 seconds) and (c) curing at half of the manu-
facturer’s recommended curing time with the LED
light (10 seconds).

Five specimens of each composite were fabricated for
each light-curing regime. Disc-shaped specimens were
prepared for hardness testing by curing the composites
in 2 mm x 8 mm split brass molds, with the upper and
lower surfaces covered with Mylar strips to ensure
smooth surfaces and prevent formation of an oxygen
inhibited layer. The tips of the light-curing units were
placed in direct contact with the Mylar strips during
curing. Immediately following curing, the specimen
was mounted on a hardness tester (Micromet 2130
Microhardness Tester, Buehler, Lake Bluff, IL, USA) to
assess the Vickers hardness number (VHN). A 500 g
load was applied through a diamond indenter for 15
seconds. Five readings equally distributed over the
surface, but well away from the periphery of the sam-
ple, were taken for both the top and bottom of each

specimen and the mean calculated for each surface for
that particular specimen. The group mean was then
calculated for the five specimens. The specimens were
assumed to have been selected from a normal popula-
tion, with equal variances, as demonstrated by use of
the homogeneity-of-variance Levene’s test.

Data were evaluated with a one-way Analysis of
Variance (ANOVA) followed by a post-hoc Tukey HSD
(alpha=0.05).

RESULTS

The VHN data are shown in Table 2. Analysis of the
variance of the means (ANOVA) showed significant dif-
ferences (p<0.05) among the values of the tested
groups. For each composite group and subset of the
curing regime, the means of the top and bottom values
were compared. Additionally, each composite’s surface
value was compared to analogous surfaces in the same
group, thus comparing the efficiency of the depth of
cure of the various curing regimes across that particu-
lar composite group.

Generally, the Grandio specimens showed the high-
est hardness values when compared with the other
tested composites.

In the Z350 group, there was no significant difference
between the top and bottom VHN values when cured

with the halogen 20 second
(p=1.00) and LED 20 second
(p=0.669) curing regimes. When
Z350 was cured with the LED 10
second regime, however, the bot-
tom values were significantly
lower compared to the top values
(p<0.0001). Comparison of the

Biolite 2100
Quartz-Tungsten-Halogen (Halogen) 495 mW/cm2

Light Curing Units
Elipar FreeLight-2 890 mW/cm2

Light Emitting Diode (LED)

Table 1: Radiation Energy Output of the Curing Lights Used

Material Light Curing Regime Top VHN Bottom VHN

Z350 Biolite (20 seconds) 65.0 (1.6) 64.3 (2.6)

Elipar (20 seconds) 61.8 (1.4) 59.4 (1.7)

Elipar (10 seconds) 64.1 (1.7) 54.6 (2.5)*

Grandio Biolite (20 seconds) 73.7 (1.8) 70.0 (1.8)

Elipar (20 seconds) 75.4 (1.7) 70.0 (1.8)*

Elipar (10 seconds) 72.0 (0.1) 66.3 (1.5)*

Clearfil Majesty Biolite (20 seconds) 33.3 (0.4) 26.8 (0.8)

Elipar (20 seconds) 27.5 (0.8) 26.9 (0.7)

Elipar (10 seconds) 28.9 (1.2) 26.0 (0.6)

Ice Biolite (20 seconds) 51.4 (6.0) 43.0 (3.8)*

Elipar (20 seconds) 51.5 (3.2) 45.6 (2.7)

Elipar (10 seconds) 47.3 (3.0) 43.6 (2.1)

Tetric EvoCeram Biolite (20 seconds) 34.7 (2.1) 28.8 (2.6)*

Elipar (20 seconds) 33.6 (1.4) 33.8 (1.2)

Elipar (10 seconds) 30.7 (1.8) 30.1 (1.7)
(*denotes statistical differences between the top and bottom microhardness values)

Table 2: Mean (standard deviation) Vickers Microhardness Values for the Five Resin Composites Cured by Various
Regimes
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top VHN values across the Z350 group revealed no sta-
tistically significant differences when cured with the
various curing regimes (p>0.05). Conversely, compari-
son of the bottom values across the Z350 group
revealed significant differences among the three
regimes (halogen 20 seconds vs LED 20 seconds
[p=0.005), halogen 20 seconds vs LED 10 seconds
[p<0.0001], LED 20 seconds vs LED 10 seconds
[p=0.006]).

In the Grandio group, there was a significant differ-
ence between the top and bottom microhardness val-
ues when cured with the LED curing regimes only
(LED 20 seconds [p=0.001], LED 10 seconds
[p<0.0001]). When comparing top values across the
Grandio specimens, there was no significant difference
when cured with the three different regimes. A com-
parison of the bottom values across the Grandio group-
ing revealed no difference between the halogen 20 sec-
ond and LED 20 second regimes; however, there was a
significant difference between these two curing
regimes and that of the LED 10 second curing regimes
(p<0.0001).

With the Clearfil Majesty group, there was a signifi-
cant difference between the top and bottom values
when cured with the halogen 20 second (p=0.002)
regime. Comparing the top surfaces across this group
revealed significant differences in hardness between
specimens cured with the halogen 20 second and LED
20 second regimes (halogen 20 seconds vs LED 20 sec-
onds [p=0.017]).

When comparing the Ice specimens, there were sig-
nificant differences between the top and bottom values
with the halogen 20 second (p<0.0001) and LED 20
second (p=0.016) regimens. Across this group, there
were no significant differences when comparing analo-
gous top or bottom surfaces.

The Tetric group produced significant differences in
top and bottom values with only the halogen 20 second
regime (p<0.0001). Across the group, there were no sig-
nificant differences in analogous top or bottom sur-
faces.

DISCUSSION

The current study evaluated the effect of the Elipar
Freelight 2 LED LCU and a conventional halogen LCU,
Biolite 2100, on the efficiency of curing five nanocom-
posite materials by using the indirect physical meas-
urement of microhardness. There is a high correlation
between hardness and degree of conversion.15 It was
also stated that, at higher levels of conversion, hard-
ness is more sensitive than spectroscopic methods of
measurement.16 The main drawback of using this meas-
urement, though, is that microhardness is a compound
measure of both resin matrix and fillers. Despite this
drawback, the indirect method of employing micro-

hardness testing as an indicator of completeness of
polymerization is widely used and accepted.17-18

Since microhardness measurements are impacted by
the cured resin matrix, filler type and filler loading,
and not necessarily resin conversion alone, this may
explain the overall differences in the microhardness
values of all the tested composites. There was a gener-
al trend for the nanohybrid composites, except for
Grandio, to have lower hardness values. These finding
are consistent with those of de Moraes and others.19

With Grandio having a filler loading of 71.4% (by vol-
ume), the highest of all the composites tested produced
the highest overall microhardness values. The results
bear with the statement that resin composites with
higher filler content yield higher hardness values.20

It appears that, at 2 mm increments, Z350 composite
can be sufficiently cured with either the halogen 20 sec-
ond or LED 20 second regimes; however, at 10 seconds,
not enough conversion of the resin occurred to have
hardness values comparable to top values. This could
be explained by the fact that the resin matrix of Z350 is
composed mainly of urethane dimethracylate (UDMA)
and Bisphenol-A polyethylene gycol diether dimethra-
cylate (BIS-EMA), which are high viscosity resins.21

Such resins show lower conversion rates because of lim-
ited mobility of free radicals at lower degrees of poly-
merization.22

Additionally, curing for 10 seconds with the LED light
would possibly not be sufficient for adequate free radi-
cals activation with associated curing through the
entire thickness of the sample. Indeed, Hasler and oth-
ers,23 in a study of the degree of polymerization in deep
cavities using microhardness measurements, conclud-
ed that the degree of polymerization was strongly influ-
enced by polymerization time.

Among the Z350 samples, only the halogen 20 second
regime seemed to cause significant overall conversion
on the bottom surfaces. This apparent discrepancy
between the 20 second halogen and 20 second LED cur-
ing regime could possibly be explained by the amount
of light penetration of the narrow wavelength spectrum
of the LED light, as curing through the Z350 sample
occurred. This decrease in penetration may be less for
halogen LCUs, since these units have higher outputs
for the longer wavelengths of light produced.24

Across the Grandio grouping, the inadequacy of the
LED regimes to sufficiently cure the bottom of the sam-
ples may possibly be attributed to an even greater
amount of light degradation due to the higher filler
loading of this composite, causing even less penetration
of light through the entire thickness of the specimen.

With the latter three composite groups tested, that is,
Clearfil Majesty Esthetic, Ice and Tetric EvoCeram, the
trend of the halogen 20 second regime to produce lower
bottom hardness values was surprising. Also surprising
was the apparent ability of both LED regimes to pro-
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duce microhardness values that were statistically com-
parable on the top and bottom surfaces of these three
tested composites. Perhaps the interaction of various
filler particle sizes in nanohybrid materials works in
concert to affect light transmittance properties through
the thickness of the sample, which is not yet thorough-
ly understood.

It should be noted that the actual hardness values of
the resin composites achieved in clinical situations
would be smaller than those achieved in the current
study, and they would depend upon the distance
between the tip of the curing light and the top of the
restoration, as well as the shade of the restorative
material. Clinically, it would be rarely possible to place
the light tip directly in contact with the restorative
material, and the darker shades of material would need
longer exposure times.

CONCLUSIONS

Within the limitations of this study, the following con-
clusions may be drawn:

1) The nanocomposite restorative Grandio has
higher overall microhardness values compared
to the other tested composites.

2) Ten second curing regimes with the Elipar LED
Freelight 2 were unable to adequately cure to a
depth of 2 mm for the materials Z350 and
Grandio.

3) Grandio, when cured with the LED light,
required longer curing times to achieve maxi-
mum microhardness measurements.

4) The nanohybrids tested: Clearfil Majesty
Esthetic, Ice and Tetric EvoCeram (with the
exception of Grandio), generally produced lower
microhardness values compared to the
nanofilled composite Z350.

5) Clearfil Majesty Esthetic, Ice and Tetric
EvoCeram, when cured with the Elipar LED 10
second regime, appeared to produce adequate
bottom microhardness values.

(Accepted 11 August 2010)
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