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The aim of this study was to evaluate quantitatively the fluorescence 
of resin composites and human teeth, and to determine the stability of 
fluorescence after aging. Ten specimens were built using a 1 mm thick 
increment of dentin composite overlapped by a 0.5 mm thick incre-
ment of enamel composite. Ten sound human molars were sectioned 
and silicon carbide-polished to obtain enamel and dentin slabs 1.5 
mm in thickness. Fluorescence measurements were carried out by a 
fluorescence spectrophotometer before and after thermocycling (2000 
cycles, 5°C and 55°C). One-way analysis of variance with repeated 
measures and Tukey’s test were performed at a significance level of 

5%. Most of the tested composites showed significant differences in 
fluorescence both before and after aging (P < 0.05). Opallis was the 
only composite whose fluorescence was similar to that of human teeth at 
both periods of evaluation (P > 0.05), and was the only composite that 
showed comparable results of fluorescence to the tooth structure before 
and after thermocycling. With the exception of Filtek Supreme, there 
were significant reductions in fluorescence intensity for all the tested 
composites (P < 0.05).
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Fluorescence is one of the most 
important optical properties of dental 
materials and is defined as an immedi-

ate physical phenomenon, occurring in 
less than 10-8 sec, in which the material 
absorbs ultraviolet (UV) rays invisible to 
the human eye and emits visible light, 
mainly in the blue spectrum.1

Reproducing the natural layering of 
dental tissues is a challenge to the dental 
clinician because different light sources 
emit UV rays at different intensities; this 
results in different patterns of fluorescent 
reflection of teeth and restorative materi-
als.2-4 Natural teeth appear whiter and 
brighter in daylight because of the large 
amount of light in the blue spectrum 
reflected as a result of fluorescence.5-7 
However, there is a significant UV com-
ponent not only in sunlight but also in 
certain fluorescent bulbs, photo flash 
bulbs, high intensity studio lights, and 
entertainment lights known as black lights.8 
The latter type of light emits filtered 350 
nm and 400 nm UV rays that are reflected 
as visible light and result in an emission 
spectrum in the intense blue region when 
absorbed by a fluorescent body.9

In dental porcelains, fluorescence is 
achieved by incorporating small amounts 
of inorganic oxides of rare earths with fluo-
rescent properties.10,11 These luminophores 
are usually composed of cerium, europium, 
terbium, ytterbium, dysprosium, and 

samarium.8,12 None of these oxides alone 
can impart fluorescence similar to that 
of human teeth to porcelains but must 
instead be blended in specific concentra-
tions.6,7 It is known that at least 1 of these 
elements (ytterbium) is being used as a 
luminophore in 1 of the evaluated com-
mercial composite resins (4 Seasons, Ivoclar 
Vivadent, Inc.), according to the manufac-
turer. However, most manufacturers don’t 
reveal which compounds are responsible 
for the fluorescence of their products.

Fluorescence spectrophotometry has 
been widely used to determine the fluo-
rescence of dental porcelains.6,8,11,12 Some 
studies have used the same method to 
determine differences between the fluores-
cence of composites and teeth.13-15 

Since resin composites are constantly 
affected by physical and chemical agents 
acting in the oral cavity, changes in their 
optical properties are easily detected. 
Previous studies have investigated the color 
stability of resin composites after acceler-
ated aging, an artificial method in which 
the material is submitted to extreme con-
ditions using UV light, changes in temper-
ature, and water storage.16-22 However, this 
type of aging results in a drastic reduction 
of the fluorescence intensity of compos-
ites.15,20 Thermocycling is a method that 
reproduces in vitro oral conditions with 
successive immersions in water at 5°C 
and 55°C to induce aging of the material. 

Previous studies have investigated the 
effect of thermocycling on the color stabil-
ity, translucency, and contrast parameters 
of composite resins.23,24 However, to date, 
the effect of thermocycling on the fluores-
cence intensity of dental composites has 
not been investigated.

The objective of this study was to evalu-
ate quantitatively the fluorescence intensity 
of resin composites compared to human 
teeth, and determine the effect of artificial 
aging on the fluorescence of these materials. 
The 2 null hypotheses tested were that the 
fluorescence properties of composites are 
similar to those of human teeth and that 
thermocycling does not affect the fluores-
cence intensity of composites.

Materials and methods
Composite specimen preparation
Five microhybrid dental composites, each in 
2 different shades, were investigated in this 
study and are listed with their manufactur-
ers in Table 1. Two polytetrafluoroethylene 
molds were used to build square-shaped 
specimens with composite dentin shades 
(1 x 7 x 7 mm) and with composite enamel 
shades (0.5 x 7 x 7 mm). The 1 mm thick 
mold was positioned on a glass slide and a 
mylar strip, then dentin shade composite 
was inserted into the mold. Another mylar 
strip and a glass slide were positioned 
over the composite in order to flatten the 
surface. Light curing was carried out with 
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Chart 1. Confidence intervals of fluorescence 
intensity of dental composites and tooth 

structure before and after aging.

Chart 2. Fluorescence intensity spectra of 4 Seasons 
and teeth, before (baseline) and after aging.

a quartz-tungsten-halogen curing unit 
(Optilux 501, Kerr Corporation) at 540 
mW/cm2 for 20 seconds. The top slide 
and mylar strip were removed, and the 
0.5 mm thick mold was positioned for the 
insertion of the enamel shade composite. A 
new mylar strip and glass slide were placed 
on the surface prior to light curing for 20 
seconds. The specimens were then removed 
from the mold, kept in a lightproof recep-
tacle, and stored at 100% humidity (37°C) 
for 24 hours.

Human teeth specimens
Ten sound human molars were used for 
enamel/dentin specimens (1.5 x 7 x 7 mm). 

The buccal surface was cut longitudinally 
with a diamond saw in a precision cutting 
machine (Labcut 1010, Extec Corp.) into 
2 mm thick slices that were ground and 
polished to a thickness of 1.5 mm. The 
thickness of the specimens was verified 
with a micrometer (103-125, Mitutoyo 
America Corporation). The final specimens 
were composed of approximately 0.5 mm 
enamel and 1 mm dentin. The storage con-
ditions were the same as those described for 
composite specimens.

Fluorescence measurements
Baseline fluorescence measurements 
were carried out using a fluorescence 

spectrophotometer (F-4500, Hitachi 
High-Technologies Science America, 
Inc.). The specimens were fixed in an 
acrylic cuvette and placed inside the spec-
trophotometer chamber with emission 
and excitation aperture slits of 2.5 nm. 
The location of the cuvette allowed the 
excitation beam to reach the center of 
the specimen at a wavelength of 380 nm. 
The values obtained were then used 
to produce graphs with the aid of the 
computer software used with the equip-
ment. The fluorescence intensity values 
used in the present study were within the 
visible light spectrum and ranged from 
400 nm to 600 nm.

Table 1. Composites used in the study.

Composite Manufacturer Shade Batch

4 Seasons Ivoclar Vivadent, Inc. A2 Dentin H24150

A2 Enamel H19814

Charisma Heraeus Kulzer OA2 10200

A2 10205

Esthet.X DENTSPLY Caulk A2-O 503032

A2 50126

Opallis FGM Produtos  
Odontologicos

DA2 310106

EA2 80206

Vit-l-escence Ultradent Products, Inc. A2 B1TM7

Pearl Amber B1TLY

Table 2. Mean (SD) and variation (Δ) of fluorescence 
intensity before and after accelerated aging.

Materials Before After Δ(%)

4 Seasons  489.25 (36.07)Aa  408.61 (72.88)Ab -16.48

Esthet.X  482.36 (11.72)Aa  409.53 (16.22)Ab -15.09

Vit-l-escence  376.08 (9.21)Ba  320.59 (9.21)Bb -14.75

Charisma  299.50 (24.31)Ca  162.24 (10.97)Cb -45.82

Filtek  68.93 (4.06)Da  74.39 (2.74)Da 7.92

Opallis  254.43 (23.27)Ea  204.91 (4.90)Eb -19.46

Teeth  232.99 (36.22)Ea  224.36 (52.50)Ea -3.70

Groups connected by the same lowercase letter in the same row and by the 
uppercase letter in the same column are not statistically significant (P > 0.05).

Abbreviations: au, absorbance units; nm, nanometers.
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Chart 3. Fluorescence intensity spectra of Esthet.X 
and teeth, before (baseline) and after aging.

Chart 4. Fluorescence intensity spectra of Vit-l-escence 
and teeth, before (baseline) and after aging.

Chart 5. Fluorescence intensity spectra of Charisma 
and teeth, before (baseline) and after aging.

Chart 6. Fluorescence intensity spectra of Opallis 
and teeth, before (baseline) and after aging.

Accelerated aging process
After baseline measurements, the specimens 
were submitted to a thermocycling process 
with 2000 cycles at temperatures of 5°C and 
55°C, with a dwell time of 30 seconds. The 
fluorescence intensity was measured again 
using the same method described above.

Statistical analysis
The means of the fluorescence intensity 
values located in the visible light spectrum 
between 420 nm and 470 nm were cal-
culated. The data obtained were recorded 
and submitted to statistical analysis with 
SPSS 17.0 software (SPSS, Inc.). One-way 

analysis of variance (ANOVA) with 
repeated measures and Tukey’s test for 
multiple comparisons were performed at a 
significance level of 0.05.

Results
The mean fluorescence intensities of 
resin composites and dental specimens 
at baseline and after thermocycling are 
listed in Table 2 with the percentage 
of variation. Chart 1 displays the 95% 
confidence interval of f luorescence inten-
sity of the evaluated composites before 
and after thermocycling. Charts 2-6 
illustrate the differences in fluorescence 

intensity of the composites before and 
after thermocycling compared to that 
of tooth structure.

There were significant differences 
(P < 0.05) among groups at baseline 
and after thermocycling. At baseline, 
comparisons among different materials 
demonstrated that composites Esthet.X 
and 4 Seasons gave the highest f luores-
cence intensity values, without significant 
differences from each other (P > 0.05). 
Vit-l-escence showed intermediate fluo-
rescence intensity significantly higher 
than Opallis and human teeth (P < 0.05). 
Charisma also demonstrated higher 

Abbreviations: au, absorbance units; nm, nanometers. Abbreviations: au, absorbance units; nm, nanometers.

Abbreviations: au, absorbance units; nm, nanometers. Abbreviations: au, absorbance units; nm, nanometers.
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f luorescence intensity than human teeth 
and Opallis, but significantly lower than 
Vit-l-escence (P < 0.05).

After thermocycling, Esthet.X and 4 
Seasons had the highest maintained fluo-
rescence intensities, significantly different 
from the other composites (P < 0.05). 
Charisma had the highest reduction in 
fluorescence after thermocycling (45%) 
among all the composites evaluated. With 
the exception of Filtek Supreme, there 
were significant reductions in fluores-
cence intensity for all the tested compos-
ites (P < 0.05). Enamel/dentin specimens 
did not show significant differences in 
fluorescence after aging (P > 0.05). 

The nanofilled composite Filtek Supreme 
exhibited significantly lower fluorescence 
than human teeth before and after aging 
(P > 0.05). Opallis was the only composite 
that exhibited fluorescence intensity statis-
tically similar to that of tooth structure at 
both times of evaluation (P > 0.05).

Discussion
Although some studies investigated pos-
sible ways of incorporating luminophores 
in composites to increase their fluorescence 
intensity, the fluorescent components of 
current resin composites are still mainly 
unknown.14,25,26 These components could 
be incorporated into the organic matrix 
as well as into the inorganic particles of 
dental composites. Uo et al demonstrated 
that the fusion of rare earth oxides to glass 
filler particles increased the fluorescent 
properties of an experimental composite.14 
Fluorescent emission by an experimental 
composite was investigated by including 
a fluorescent whitening agent composed 
of an aromatic complex in the polymer 
matrix.25 In another study, terbium coor-
dination polymers composed of polyethyl 
methacrylate resulted in a hybrid polymer 
structure with high fluorescence.26

The manufacturers of only 2 of the 
evaluated composite resins in this study 
provided information on their fluorescent 
components. Ytterbium trifluoride and 
an organic molecule (not specified by the 
manufacturer) are claimed to be the lumi-
nophores used in 4 Seasons and Opallis 
composites, respectively. The results of the 
present study demonstrated that Opallis 
exhibited fluorescence intensity similar 
to that of teeth. Esthet.X, 4 Seasons, and 
Vit-l-escence showed increased fluorescence 

when compared to human teeth both 
before and after aging, whereas Charisma 
showed higher fluorescence than tooth 
structure only before aging. Filtek Supreme 
presented the lowest levels of fluorescence 
in both periods of observation. Because of 
these discrepancies, the esthetic appearance 
of dental composite restorations could 
be compromised due to excess or lack of 
fluorescence, particularly when such resto-
rations are submitted to irradiation from a 
light source with a high UV component. 
After the aging process, most of the 
evaluated materials showed a significant 
reduction in fluorescence intensity, except 
for Filtek Supreme and human teeth. 
Among all the composites evaluated, 
Charisma showed the highest reduction of 
fluorescence. These findings are in accor-
dance with other studies that investigated 
changes in the opalescence and fluores-
cence of several composites after acceler-
ated aging carried out with UV light and 
water spray.15,20 Lee et al reported reduced 
fluorescence intensity values and even the 
absence of fluorescence for some resin-
based materials after accelerated aging.20

Water sorption, solubility, and diffu-
sion coefficients of resin-based materials 
have been reported as dependent on the 
composition of monomers, degree of 
polymerization of the organic matrix, size 
and distribution of the filler particles, and 
properties of the matrix/filler particles 
interface.27-30 Palin et al reported that 
short- and medium-term water immer-
sion could affect the properties of resin 
composites.31 However, the effect of water 
immersion and temperature on the opti-
cal properties of composites, particularly 
fluorescence, has not been extensively 
discussed in the literature.

Single and double carbon bonds play 
an important role in the configuration of 
polymer backbones found in the organic 
matrix in resin-based materials and in 
organic compounds such as collagen in 
human dentin. Polymers can be subjected 
to degradation in an aqueous environ-
ment by 2 mechanisms: hydrolysis and 
enzymatic reactions.32 This degradation 
occurs through oxidation, functional 
group attack, and chain cleavage.33 Thus, 
the reduction of fluorescence found in this 
study could be explained by the degrada-
tion of organic complexes found in both 
dentin and composite resins. This could 

confirm the theory that luminophores are 
attached to the polymer chain by adding 
organic components with fluorescent 
features.25 Mineral substances such as rare 
earth oxides have also been incorporated 
in polymer chains by chemical bonds that 
could equally be broken and leached by 
accelerated aging based on water immer-
sion and temperature changes.26

A previous study reported that the 
fluorescence intensity of human dentin 
increased with age, temperature, and 
the length of time for which heat was 
applied.34 Nevertheless, the physiological 
aging process in dental structures is a result 
of several factors that lead to the produc-
tion of fluorescent substances over time 
and should not be compared with an arti-
ficial aging protocol. In the present study, 
the fluorescence of teeth was relatively 
constant after thermocycling. Temperature 
can act as a catalyst, speeding up photo-
cleavage of organic bonds in natural 
teeth.35 However, due to the short period 
of time of the thermocycling process in the 
present study, this effect was not observed 
in dental structure samples.

In enamel, fluorescence is attributed to 
the presence of organic compounds, which 
comprise <2% of its whole composition, 
resulting in reduced levels of fluorescence 
intensity. Due to these low fluorescence 
levels, some studies have investigated the 
optical properties of teeth using specimens 
made of dentin, or enamel and dentin sep-
arately.3,15 In the present study, enamel and 
dentin were evaluated together in order to 
determine the fluorescence intensity of the 
tooth structure compared to enamel and 
dentin shades of composites overlapping, 
which was deemed more clinically relevant. 

The 2 null hypotheses tested in the pres-
ent study were rejected. Only 1 composite 
(Opallis) demonstrated similar fluorescence 
intensity when compared to tooth struc-
ture, and, with the exception of nanofilled 
composite Filtek Supreme, thermocycling 
had a negative effect on the fluorescence of 
all the evaluated composites. 

The complete understanding of the 
optical properties of restorative materials 
and human teeth is imperative for the 
clinician to achieve a natural appearance 
of anterior esthetic dental restorations. 
Anterior teeth are frequently submitted 
to different types of illumination that 
are even more challenging. Additionally, 
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manufacturers must use new technologies 
to develop composites with better optical 
properties that simulate those of dental 
tissues, and with increased stability against 
the adverse effects of the various condi-
tions of the oral environment.

Conclusion
Within the limitations of this study, it can 
be concluded that the aging process carried 
out by thermocycling negatively affected 
the fluorescence intensity of all evaluated 
dental composites except Filtek Supreme, 
whereas the fluorescence of tooth structure 
was not affected. Also, among all the tested 
materials, Opallis was the only composite 
resin that showed similar fluorescence 
compared with the tooth structure before 
and after thermocycling.
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