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Abstract

The aim of this study was to evaluate the compressive strength of microhybrid
(FiltekTM Z250) and nanofilled (FiltekTM Supreme XT) composite resins photo-activated with
two different light guide tips, fiber optic and polymer, coupled with one LED. The power
density was 653 mW cm�2 when using the fiber optic light tip and 596 mW cm�2 with the
polymer. After storage in distilled water at 37 ± 2 �C for seven days, the samples were
subjected to mechanical testing of compressive strength in an EMIC universal mechanical
testing machine with a load cell of 5 kN and speed of 0.5 mm min�1. The statistical analysis
was performed using ANOVA with a confidence interval of 95% and Tamhane’s test. The
results showed that the mean values of compressive strength were not influenced by the
different light tips (p > 0.05). However, a statistical difference was observed (p < 0.001)
between the microhybrid composite resin photo-activated with the fiber optic light tip and the
nanofilled composite resin. Based on these results, it can be concluded that microhybrid
composite resin photo-activated with the fiber optic light tip showed better results than
nanofilled, regardless of the tip used, and the type of the light tip did not influence the
compressive strength of either composite. Thus, the presented results suggest that both the
fiber optic and polymer light guide tips provide adequate compressive strength to be used to
make restorations. However, the fiber optic light tip associated with microhybrid composite
resin may be an interesting option for restorations mainly in posterior teeth.

(Some figures may appear in colour only in the online journal)

1. Introduction

Dental composite was developed by Bowen in the 1960s.
Since then, this material has suffered various transformations

5 Address for correspondence: Araraquara School of Dentistry, Department
of Restorative Dentistry, Univ. Estadual Paulista-UNESP, Araraquara, SP,
Brazil. Humaitá St. 1680, Araraquara, SP, 14.801-903, Brazil.

to improve its physical and mechanical properties, making it
increasingly acceptable for dental restorations in the posterior
teeth [1, 2].

The photo-activation systems previously used were based
on ultraviolet light sources. These systems were replaced
by quartz–halogen tungsten (QTH) as an improvement over
ultraviolet lights because of their harmful effects on the
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Table 1. Characteristics of composite resins used in the study (manufacturers’ data).

Material Manufacturer Shade Material type Matrix Filler size
Filler
volume Lot

Filtek TM Supreme
XT

3M Espe A2 Nanofilled
composite

Bis-GMA TEGDMA
UDMA and Bis-EMA

Agglomerated/non-
aggregated of 20 nm silica
nanofiller and a loosely
bound agglomeratic silica
nanocluster consisting of
agglomerates of primary
silica nanoparticles of
20 nm size fillers.

59.5% 8BK

Filtek TM Z250 3M Espe A2 Microhybrid
composite

Bis-GMA TEGDMA
UDMA and Bis-EMA

Zirconia/silica (medium
size of 0.6 µm)

60% 9KK

human eye and limitations of curing depth [3]. QTH lamps
are composed of a quartz tungsten thread found in the bulb,
enclosed by an inert gas filter, refrigerating system and
optic fibers for light conduction. Besides the heat production,
another inconvenience is that the lamp, reflector and filter
can degrade over time due to high operating temperatures.
This effect leads to decreased effectiveness of polymerization,
promoting inadequate physical properties and increased risk
of premature failure of restorations [4, 5].

Different light-curing units (LCUs) have been developed,
with newer types of light-curing source using other curing
methods such as lasers and xenon arcs. Laser and xenon
arc curing units have the advantage of reduced curing times;
however, these LCUs have a larger and more complicated
construction, and are more costly than halogen. The use
of lasers is currently more concerned with the suppression
of dental hypersensitivity, soft tissue surgeries, intracanal
disinfection, caries removal, and cavity preparation [6–11].

More recently, to overcome the problems inherent to
halogen light, light emitting diodes (LEDs) have been used for
curing resinous materials. LED units have some advantages
over QTH lamps as they have lifetimes of over 10,000 h
and no need for cooling systems or filters, and the thermal
emission is significantly lower than that of halogen lamps with
little wasted energy and minimum heat generation [4, 12–14].

Technologies have been developed that enable production
of the appropriate amount of light for the efficient conversion
of composite resins [15–18], resulting in improved physical
and chemical properties, which can be analyzed and studied
by several methods, such as hardness testing and analysis of
the degree of conversion and compressive strength [19–23].
The compressive strength indicates the ability demonstrated
by a material to withstand vertical stress. It is known that,
during the act of chewing, the forces that are transmitted to the
restorations can break them or promote tooth fracture [24–27].

Some factors can influence the polymerization of
composite resins such as the different LCUs, power density,
and wavelength and irradiation times. Another factor affecting
the polymerization process is the light guide tip used for
light transmission [28–30]. Nowadays, a wide variety of
commercially available light guide tips claim to fit different
operative procedures related to various clinical situations.
Another problem that should be pointed out is that the light

guide tips which are available for LED LCUs have a variety
of diameters and are made from different materials. The light
conductor system of such devices is based on a rigid tube
that contains optical fibers with a vitreous inclusion, usually
covered with amber glass, metal, fiber optic, or polymer.
This coating is important to prevent the passage of light,
especially on the lateral surface of the tip, and decrease the
light scattering. Some studies have shown that the polymer tip
scatters the guided light, thus reducing the power density at
the end of the tip, which would have direct repercussions in
the polymerization process of the composite [17, 31, 32].

Therefore, it is believed that the material covering the
tips of the LCU can influence the values of final power
density due to light scattering over its route. In this way, this
study evaluated the influence of the light guide tips used in
the photo-activation on the compressive strength of dental
composite resins.

2. Material and methods

In this experiment two different composites were used: the
universal microhybrid FiltekTM Z250 (3M ESPE Dental
Products Division, St Paul, MN, USA), and the nanofilled
FiltekTM Supreme XT (3M ESPE Dental Products Division,
St Paul, MN, USA) (table 1).

A blue LED LCU (Ultrablue IS, DMC, São Carlos,
SP, Brazil, serial number 002041) with two different light
guide tips (fiber optic and polymer) was used in this study.
The power output was measured using a Fieldmaster power
meter (Fieldmaster Power to Put, Coherent model no FM,
set no WX65, part no 33-0506, USA). The values of power
density (mW cm�2) were computed as the ratio of the output
power and the area of the tip with the following formula:

I = P/A

where P is the power in milliwatts, A is the area of the light
tip in squared centimeters and I is the power density. The
LED LCU produced 653 mW cm�2 coupled with the metal
light guide tip and 596 mW cm�2 with the polymeric tip. The
characteristics of the light guide tips are shown in table 2.

Cylindrical specimens, 4 mm in diameter and 8 mm in
height, were prepared by composite insertion into a stainless
steel split mold. The specimens were photo-activated for

2
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Table 2. Characteristics of the light guide tip used in the study.

LCU
Light guide
tip

Diameter
entry (mm)

Diameter
exit (mm) Geometry

Ultrablue IS Fiber optic 11 8 Turbo
Polymer 10 8 Turbo

Figure 1. Mean values of compressive strength depending on the
light guide tip and dental composites.

20 s (n = 8). The photo-activation was carried out at every
increment of 2 mm. The specimens were removed from the
split mold and were photo-activated for a further 20 s on the
bottom and on the four lateral surfaces. The specimens were
then stored in distilled water at 37 ± 2 �C for 7 days [33].

Following the storage period, the compressive strength
test was performed employing an EMIC mechanical test
machine (model DL2000, São José dos Pinhais, Brazil), with
a load cell of 5 kN and programmed speed of 0.5 mm min�1.
Data recording and processing for compressive strength
values in megapascals were performed by the computer
program Tesc.

The data were statistically analyzed by analysis of
variance (ANOVA) using a confidence interval of 95% and
Tamhane’s test.

3. Results

Figure 1 shows the mean values of compressive strength
obtained with the different light guide tips and dental
composites. The statistical test showed that the compressive
strength was not influenced by the light guide tips (p >

0.05); however, some differences were observed for dental
composites.

By observing the results of the nanofilled composite resin
photo-activated with different tips, it was found that there
were no statistically significant differences. The same can
be observed for microhybrid composite resin, which was not
influenced by the different tips.

Tamhane’s test indicates that significant differences
were found between the microhybrid composite resin
photo-activated with the fiber optic light guide and the
nanofilled composite resin photo-activated with both light
guide tips. In absolute values, the nanofilled composite resins

associated with the polymer tip showed the lowest values
for compressive strength. However, they were statistically
equivalent to the microhybrid composite resin photo-activated
using the polymer light tip.

4. Discussion

The purpose of this study was to evaluate whether the type of
material used in the light guide tip might have an influence
on the resulting compressive strength of resin composites. For
this purpose, two light guide tips (fiber optic and polymer)
were used coupled to one LED LCU, and two composites
(microhybrid and nanofilled).

Adequate polymerization is a crucial factor to obtain
optimal physical properties and clinical performance of
composite resins. Inadequate polymerization has been
associated with poor physical properties, high solubility, low
retention, adverse pulpal responses and low biocompatibility,
which may affect the clinical performance of restorative
procedures [13, 34].

To compare the ability of different light guide tips
coupled to an LED to cure dental composite material, suitable
tests had to be chosen. Although many methods for testing the
physical properties of dental composites are known, most are
orientated towards comparing the properties of the different
materials rather than the LCUs [35–37]. Compressive strength
tests have previously been used to compare different LCUs
but specifically in the present study this test was employed to
compare different light guide tips [38, 39].

Compressive strength has a particularly important role
in the mastication process since most of the masticatory
forces are of compressive nature. The maximum resistance to
compression is calculated by the original cross-sectional area
of the test specimen and the maximum force applied [4, 40].

A clinically relevant compressive strength value may
be based on the compressive strength values of natural
mineralized tissues. The compressive strength of enamel has
been measured to be 384 MPa. The fracture strength of natural
molars however is around 305 MPa while other teeth have
generally lower fracture strengths. The latter value may offer
a good mechanical standard to select the optimal strength of
composite resins used in posterior teeth [20, 41].

In this study, photo-activation using a fiber optic light
guide tip produced a compressive strength of 299.37 MPa
for nanofilled resin and 350.48 MPa for microhybrid resin.
However, when a polymer light guide tip was used the
compressive strength was 291.96 MPa (nanofilled resin) and
322.31 MPa (microhybrid resin). Thus, according to these
results, it seems that the microhybrid composite showed better
compressive strength outcomes than nanofilled, mainly when
the fiber optic tip was used.

3
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Simply considering each material, no statistically
significant differences in compressive strength were found
between groups light cured with fiber optic or polymer
light guide tips, although there was a tendency to higher
compressive strength values for the fiber optic light guide tip.
This can be explained by the dispersion of light in the route of
the tip, which have direct impact on the final power density,
and then on mechanical properties [28].

The power density from the LCU, also referred as light
intensity, is the number of photons per second (watts, W)
emitted by the light source per unit area (W cm�2). It has been
reported that a minimum power density of 300–400 mW cm�2

is required to adequately cure one increment of 1.5–2 mm of
composite resin at the manufacturers’ recommended curing
time [42]. In a more effective LCU, more photons will be
available for absorption by the photosensitizers. With more
photons, more camphoroquinone molecules are raised to the
excited state, react with the amine and form free radicals
for polymerization [43–45]. This is in agreement with our
study, because the power density using the fiber optic tip was
653 mW cm�2 and that using the polymer was 596 mW cm�2,
and as a final result the compressive strength of composite
resins photo-activated with the fiber optic light tip was greater
than that obtained with the polymer tip.

In the present study, the dental composites (microhybrid
and nanofilled) provided an important role in polymerization.
The microhybrid composite resin presented higher absolutes
values of compressive strength than the nanofilled one
(figure 1). The literature has shown that chemical composition
can influence mechanical properties [46–49]. According to
Yearn [50] and Swartz et al [51], factors related to composites
include shade, translucency and filler particle size, load
and distribution. Mitra et al [2] believe that the composite
of nanoparticles has good light transmission and presents
physical and mechanical properties equivalent to those of
microhybrid resin.

The resin matrix composites are an important group of
materials in restorative dentistry [52, 53]. Their development
and formulation are based on the fact that the addition of inert
fillers to acrylic and dimethacrylate resins can significantly
improve certain properties. The effect of filler depends on
the type, shape, size and amount used and on the existence
of efficient coupling between filler and matrix resin [54–56].
Many properties (e.g. compressive strength) are improved as
the filler content is increased.

Another interesting observation is that the variability of
the compressive strength of composite resins photo-activated
with the polymer tip was greater than with the fiber optic,
as shown by the standard deviation (±SD). This can be
considered an important characteristic of the tip, as it was
shown to be less predictable than the fiber optic tip, which
probably resulted in lower values of compressive strength.

5. Conclusions

The results obtained for this study indicate that the light
guide tips did not influence the compressive strength of the
dental composites. The microhybrid Filtek Z250 composite

photo-activated with a fiber optic tip showed better results
than the nanofilled composite resin, mainly when the fiber
optic tip was used.

Based on the results of this study it may be suggested that
the fiber optic tip associated with microhybrid composite resin
may be an interesting option for restorations in the posterior
teeth.
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de Mesquita Filho’—UNESP, Araraquara School of Dentistry,
University of São Paulo, SP, Brazil, for the use of the EMIC
mechanical test machine.

References

[1] St-Georges A J, Swift E J, Thompson J Y and
Heymann H O 2003 Dent. Mater. J. 19 406

[2] Mitra S B, Wu D and Holmes B N 2003 J. Am. Dent. Assoc.
134 1382
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