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ABSTRACT

Coloring in drinks decreases the color stability of composite
restorations, reducing their longevity. The purpose of this in vitro
study was to evaluate the effect of immersion media on color sta-
bility of seven different composite resins (Solidex - Shofu, Resilab-
Wilcos, Signum — Heraeus, Epricord - Tokuyama, Adoro — Ivoclar
Vivadent, Admira - Voco and Sinfony - 3M ESPE).

Seven resin-based composite specimens were prepared using
a cylindrical teflon mold 2 mm thick and 10 mm in diameter.
Fifteen specimens of each resin were light-cured according to
manufacturers’ instructions and randomized into 3 groups
(n=35) according to immersion media: coffee, cola beverage
and water. A digital spectrophotometer Easy Shade (VITA) was
used to evaluate the color changes at baseline and 7 days after
immersion in each solution. Specimens were stored in the

different staining media for 24 h/day during one week. The
color differences were analyzed by two-way ANOVA and
Tukey's test (p<0.05). Color change was observed after one
week of immersion and there were statistical differences in
staining, composite and interaction factors. The least staining
was observed in Admira (AE=3.934+0.814) and Resilab (AE=
3.993+0.735), followed by Adoro (AE=4.044+1.001), Epri-
cord (AE=4.049+1.234), Signum (AE=4.260+1.785), Solidex
(AE=5,122+0.534) and Sinfony (AE=5.126+0.838). All of the
composites tested except Adoro were susceptible to staining
by substances present in coffee and cola, when stored in bev-
erage for seven days. The lowest AE means were obtained with
Admira.

Key words: composite resins, spectrophotometry.

EFEITO DE DIFERENTES MEIOS DE IMERSAO NA ESTABILIDADE
DE COR DE RESINAS COMPOSTAS

RESUMO

Corantes encontrados em bebidas diminuem a estabilidade de
cor de resinas compostas, reduzindo assim a sua longevidade.
Este estudo in vitro tem como objetivo avaliar o efeito do meio
de imersdo na estabilidade de cor de sete diferentes resinas
compostas encontradas no mercado. (Solidex - Shofu, Resilab
- Wilcos, Signum—Heraeus, Epricord - Tokuyama, Adoro—
IvoclarVivadent, Admira - Voco e Sinfony - 3M ESPE). Quinze
corpos de prova de cada resina composta foi preparado usan-
do uma matriz cilindrica de 2 mm de espessura e 10 mm de
diametro fabricada em teflon, polimerizadas de acordo com as
recomendagdes do fabricante e divididos aleatoriamente em
trés grupos (n=>5) de acordo com o meio de imersdo: café,
refrigerante a base de cola e agua. Um spectrofotometro Easy
Shade (VITA) foi usado para avaliar as alteragées de cor apos
7 dias de imersdo em cada solugdo, sendo que os corpos de

INTRODUCTION

The use of composite resins has become important
in restorative dentistry. Due to improvements in
both physico-mechanical and esthetic properties,
composite resins are currently among the most pop-

prova foram armazenados em estufa bacteriologica a 37°C.
Os valores medidos foram analisados pelo testes ANOVA e
Tukey (p<0,05) e mostraram diferenca significante para as
variavies meio, resina e interagdo. Os menores valores foram
observados na Admira (A1E=3.934+0.814) e Resilab(4E=
3.993+0.735), seguidos por Adoro (A4E=4.044+1.001), Epri-
cord (AE=4.049+1.234), Signum (AE=4.260+1.785), Solidex
(AE=5,12240.534) e Sinfony (AE=5.126+0.838). Conclusdo:
Todas as resinas compostas testadas foram sensiveis ao man-
chamento pelas substancias presentes no café e refrigerante a
base de cola, exceto a resina Adoro quando armazenada em
refrigerante por sete dias e as menores médias de AE foram
obtidas com a Admira.

Palavras chave: estabilidade de cor de resinas, analise de
espectrofotometria.

ular esthetic restorative materials in dental clinical
practice, which, in addition to the decline in caries
incidence and severity, has directed clinicians’
attention to conservative and non-invasive treat-
ments. Manufacturers have introduced different
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shades for restorative materials, capable of fulfill-
ing all the requirements for environmental light sen-
sitivity, depth or cure, color match and stability".
Restorative composite resins are generally classi-
fied according to size, content and filler type. The
addition of filler to the resin matrix of restorative
materials increases composite strength, toughness
under strain and wear resistance, all of which are
essential to the durability of composite restorations?.
Discoloration of tooth-colored, resin-based materials
may be caused by intrinsic or extrinsic factors. Intrin-
sic factors involve physico-chemical discoloration
reactions in the composite matrix, in surface and
deeper layers of the material, triggered by UV irradi-
ation, thermal energy or humidity. Chemical discol-
oration has been attributed to a change or oxidation
in the amine accelerator, oxidation in the structure of
the polymer matrix, and oxidation of the unreacted
pendant methacrylate groups. Extrinsic factors hap-
pen due to accumulation of plaque and stains, inten-
sity and duration of polymerization, exposure to
environmental factors, including ambient and UV
irradiation, heat, water and food colorants?.

The in vitro color stability of resin-based permanent
restorative materials has been widely studied using
staining solutions such as tea, coffee, red wine,
tobacco, cola, and juices*. Red wine and coffee are
commonly used as staining solutions in these stud-
ies because there is broad consensus that they may
cause severe staining on resin-based materials>*,
although other colorants such as curry (turmeric)
reportedly caused even more notable discoloration
than red wine and coffee’.

The alteration of chemical properties, as well as the
size distribution of particles of polimethylmethacry-

Table 1. Composite Resin used in this study.

late, polarity of monomers, staining and initiator
efficiency of the resins can also lead to different
degrees of polymerization and water sorption, and
consequently affect the color stability?®.

The measurement of color is based upon digital
expression of a color obtained from an object. Color
differences are usually demonstrated by two differ-
ent systems; Munsell color system and Standard
Commission International de L’Eclairage Color
System. According to the CIE-Lab system recom-
mended by the American Dental Association, all
colors in nature are obtained from the mixture of
three basic colors: red, blue and green®.

There are many composites used for indirect
restorations with different mechanical and optical
properties, and we chose seven of the most easily
available on the market.

Thus, the purpose of this in vitro investigation was
to study the effects of immersion in coffee and cola
beverage on the discoloration of different compos-
ite resins. The null hypothesis tested was that
immersion of the materials in the staining solutions
would not cause discoloration.

MATERIAL AND METHODS

The aim of the study was to evaluate the effect of
immersion media on the color stability of seven differ-
ent composite resins (Solidex - Shofu, Resilab - Wilcos,
Signum — Heraeus, Epricord - Tokuyama, Adoro —
IvoclarVivadent, Admira - Voco and Sinfony - 3M
ESPE). Their characteristics are listed in Table 1.

All resin specimens were prepared in cylindrical Teflon
molds 10 mm in diameter and 2 mm thick. The molds
were placed on a glass plate covered with a transparent
mylar strip to get a flat surface. The molds were cov-

Composite Manufacturing Size of fill % fill Type of Fill Classification
Signum Heraeus Kulzer, GMbH, 0.6 um 75% Silica Micro hybrid
Kg, Germany
Sinfony 3M/ESPE, St. Paul, Mn, USA 0.5-0.7 um 45% Silica, Quartz Micro hybrid
Resilab Wilcos 50 pm 53% Silica Hybrid
Adoro Ivoclair Vivadent 10 - 100 pm 65% Silica Micro fill
Solidex Shofu Dental Corporation, 43 - 56 ym 53% Silica Hybrid
Quioto, Japan
Admira VOCO, GMBH, Germany 0.7 pm 77% Ormocer Hybrid
Epricord Kuraray/Japan 0.6 um 82% Silica Micro hybrid
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ered with another transparent strip which was pressed
flush under a top glass plate. Each specimen was irra-
diated according to composition and manufacturer’s
recommendations using tungsten-halogen lights box,
specific for each composite (Table 2 and 3).

Immediately after light activation, specimens were
removed from the Teflon molds, finished and polished
with 600-grit sandpaper disks. The finishing and pol-
ishing were done with the Sof-lex System —3M ESPE
and each disk was used intermittently for 15 seconds at
a low speed. Fifteen specimens of each resin were cho-
sen randomly and immersed in distilled water as con-
trol at 37°C for 24 hours. Following the first immersion

cycle, all specimens were removed, rinsed under tap
water, and blot-dried before color measurement.

After initial measurement, the composite resin
specimens were randomized into 3 groups (n=5)
according to immersion media: coffee, cola bever-
age and water (control solution). The coffee solu-
tion was prepared by using 25 g of powder for 250
ml of water, standardized and changed every day.
The beverage used was Coca-Cola®; the pH of the
cola beverage was measured using pH indicator
paper (around 2.5) and also changed every day.
The color of the specimens was measured with a
spectrophotometer (Vita Easyshade, Vita Zahnfab-

Table 2. Commercial name, manufacturer, composition and lot of resins used in the study.

Name Manufacturer Composition Lot
Signum Heraeus Kulzer, GMbH, Bis-GMA (Bis-phenol-A-glicidilmetacrilato), UDMA 010040
Kg, Germany (urethane dimethacrylate), TEGMA (triethylene
glycol methacrylate), silicon dioxide (0.6 mM),
load percentage - 75% by weight
Solidex Shofu Dental Corporation, Bis-GMA, UDMA, TEGMA, microloads ceramics 010727
Quioto, Japan (43 to 56 mM), load percentage - 53% by weight
Resilab Wilcos, Petrépolis, RJ, Brazil Bis-GMA, UDMA, TEGMA, silicon dioxide, silica, 310/06
barium aluminum silicate (50 micron),
load percentage - 53% by weight
Adoro Ivoclar/Vivadent, Schaan, Bis-GMA, TEGDMA (triethyleneglycol dimethacrylate), 0208/09
Liechtenstein Silica (10 to 100 nm), load percentage - 65% by weight
Admira VOCO, GMBH, Germany Bis-GMA, TEGDMA, silanized ceramic particles, silica 351215
(0.7 mm), load percentage - 77% by weight.
Sinfony 3M/ESPE, St. Paul, Mn, EUA Bis-GMA, TEGDMA, UDMA, HEMA, Silica, Quartz 160415
(0.5 to 0.7 mm), load percentage - 45% by weight
Epricord Kuraray/Japan Barium, borosilicate and silica glass 00126B

Table 3. Protocol polymerization of composite resin and light curing units used in this study.

Name Protocol polymerization
Signum Light 180s Xenonestroboscopica
Solidex Light 180s Xenonestroboscopica
Resilab Light 180s Xenonestroboscopica

Adoro 180s with halogen light (500 mW/m?)

and heat to 104°C

Admira Light 180s Xenonestroboscopica

First cycle: halogen light (500 mW/cm?) for 15 s

Sinfony Second cycle: 15 min with halogen light

(500 mW/cm?) and vacuum
Epricord Light 180s Xenonestroboscopica

Curing light unit
HeraFlash (Heraeus Kulzer)
HeraFlash (Heraeus Kulzer)
HeraFlash (Heraeus Kulzer)

Lumamat 100 Light Furnace
(Ivoclair, Vivadent)

HeraFlash (Heraeus Kulzer)
First Cycle: Visio Alfa unit (3M ESPE)

Second cycle: Unit Visio Beta (SM/ESPE)

HeraFlash (Heraeus Kulzer)
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rik, Bad Sackingen, Germany). Colorimetric meas-
urements of the specimens were performed on a
white background according to the CIELab color
scale, recording the L*, a*, and b* values. Three
readings were performed and a mean value for the
L*, a*, and b* values was obtained for each speci-
men. Color measurements were repeated after one
week of immersion in the water control and in the
two staining solutions. One examiner performed all
the recordings of the L*, a*, and b* values. AE’ val-
ues were calculated using Hunter’s equation,
AE’=[(AL*)2+(Aa*)2+(Ab*)2]1/2.

Table 4. Two-way ANOVA results for resin composite restorative

materials and different staining agents.

Df SS MS F
Staining 2 606.909 290.136 290.151
Composite 6 25.464 4.226 4.226
Interaction 12 105.511 8.481 8.482
Error 84 104.574 1.245
Total 104  842.458

*Significantly different (p<0.05).

Table 5. Mean and SD of color changes and differences between
groups after Tukey Comparisons Test of Delta for interac-

tion staining/composite.

Statistical Analysis

The software SPSS® for Windows V.12.0 was used
for statistical analysis. Descriptive statistics were
shown as Mean£=SD. Discoloration results of the
specimens immersed in water, beverage and coffee
for one week were analyzed using two-way repeat-
ed-measures ANOVA and Tukey’s comparisons
post hoc test at 95% level of significance.

RESULTS

On the basis of these data, the hypothesis set as the
premise of this study should be accepted. The stain-
ing ability of the resin composite mate-
rials is related to the type of staining
agent. The considerations relative to
these statements are presented below.

p According to the ANOVA two way
<0.00001* test, the staining agents and their inter-
<0.00001* action with composite showed signifi-

cant results (p=.00001) (Table 4).
<0.00001*

Mean values and SDs of color changes
and group differences (AE) of micro
hybrid resin composite restorative
materials are listed in Table 5.

Tables 6 and 7 show the mean and SD
for the two variables studied, type of
composite and staining, and Fig. 1 and
2 show the lower influence of coffee
on composites Admira and Epricord.

Staining Composite Mean+SD Homogeneous group ) . . .
For the microhybrid composite material
Solidex  10.144:0.918 P groups, the lowest color differences (AE")
S.I U S were observed in Admira and Resilab.
Signum 7.796+1.215 D E
Coffee Adoro 2 590+1.533 D When the beverage and coffee groups
Resilab 6.768+2.423 D were compared, they both showed a high-
Epricord  6.242+0.642 C D er color difference than the water group.
Admira 5.000+0.954 B C The highest color change in micro-hybrid
Admira 3734:0219 A B G composites was observed in the Group
Resilab  3.440:0.622 A B Solidex (Table 5).
Cola Solidex  3.296:0576 A B When comparing the staining solu-
beverage  Signum 3.168+1.240 A B tions, water, cola and coffee showed
Sinfony 3.014+0.359 A B the highest mean AE” values and were
Epricord  2.738+1.170 A B significantly different for some of the
Adoro 2.172+0.319 A resin composite materials tested. When
Epricord  3.168+1.240 A B comparing the seven different restora-
Admira 3.068+0.592 A B tive materials, the cola solution/Admi-
Adoro 2.370£0.572 A ra group showed significantly less
ety Sinfony ~ 2.294:0.217 A color change than the other materials
Solidex  1.928+0.742 A tested. The greatest color difference in
Signum  1.816x1.152 A this study was observed in the Solidex
SESlED | 1prEERany | and Sinfony material groups.
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Table 6. Mean and SD of color changes and differences
between groups after Tukey Comparisons Test
of Delta for composite variable.

Composite Mean+SD Homogeneous group

Admira 3.934+0.814 A

Resilab 3.993+0.735 A

Adoro 4.044+1.001 A B
Epricord 4.049+1.234 A B
Signum 4.260+1.785 A B
Solidex 5.122+0.534 B
Sinfony 5.126+0.838 B

Table 7. Mean and SD of color changes and differences
between groups after Tukey Comparisons Test
of Delta for staining variable.

Staining Mean+SD Homogeneous group
Water 2.355+0.824 A
Cola beverage 3.080+0.635 B
Coffee 7.659+1.131 C
DISCUSSION

Color stability has previously been studied in vitro for a
variety of esthetic restorative materials'®. Discoloration
can be evaluated visually or by instrumental tech-
niques!!. The system for measuring chromaticity was
chosen to record color differences because it is well suit-
ed to the determination of small color differences'?. Col-
orimeters are capable of detecting color differences
below the threshold of visual perception!!. The value of
AE* represents relative color changes that an observer
might report for the materials after immersion or
between time periods. Thus AE* is more meaningful
than the individual L*, a*, b* values!3. Discoloration
can be evaluated with various instruments. Since instru-
ment measurements eliminate the subjective interpreta-
tion of visual color comparison, spectrophotometers
and colorimeters have been used for measuring color
change in dental materials. When differences in color
matching between human-eye and colorimetric assess-
ment were compared, color difference was perceptible
when AE values were greater than three!®

The differences in optical properties due to water expo-
sure might be explained by the material’s composition
and the way that it is affected by environmental condi-
tions. It is known from previous studies that resin-based
composites allow water penetration into the matrix or
filler-matrix interface. The presence of microcracks in
the resin matrix as a result of swelling and plasticizing
effects, along with interfacial gaps created between the

filler and resin matrix allow stain penetration and dis-
coloration of the restoration'*. As it is assumed that the
resin component is a source of discoloration, a high vol-
ume fraction of the resin would be expected to correlate
with a high prospect for discoloration'>. Low staining
susceptibility is generally related to a low water absorp-
tion rate, and hydrophobic resins or low resin content in
the composition of the restorative material. Traditional
dimethacrylates form cross-linked networks with unre-
acted pendant methacrylates that serve as plasticizers;
this plasticization imparts a more open structure to the
polymers, which facilitate the absorption of dye. In
addition, the increase in dye concentration means has
been attributed to the porosity of some glass particles of
the filler’. We demonstrated that the effect of the stain-
ing solutions was different for various materials. These
results are in agreement with previous studies®”!°. Pre-
vious studies testing longer staining periods have report-
ed that after 7 days or longer immersion, materials had
visually perceptible color changes’!'>!3. Therefore the
drinking habits of the patients must be considered when
choosing restorative resin-based materials, especially at
the front of the mouth.

During color measurement, both the actual color of
the surface and the lighting condition under which the
surface is measured will affect the measured color®. In
the present study, a standard illuminant against a white
background was used. As color difference evaluation
was the focus of this study, the choice of illuminant
was not important. When color is measured with an
instrument that has a small window for both illumina-
tion and collection of light, a considerable fraction of
the light entering the specimen is probably lost!”. To
minimize the edge loss effect, the diameter of the spec-
imens (10 mm) prepared in this study was greater
than the aperture size of the instrument (3 mm x 8
mm). The degree of staining of indirect composite
resin in this study is related to the adsorption and pen-
etration of dyes in the organic matrix of resin because
of the compatibility of the polymer phase with the yel-
low dye present in coffee, since the composite resin
with higher degree of staining was immersed in solu-
ble coffee solution (Table 7). Intense staining can be
noted after the seven days of staining (Table 5), due to
the process of absorption of coloring agents that occurs
in the resins. Changes were continuously increasing,
although it was not the objective of this study.
Comparing these seven types of resin in relation to intrin-
sic stability and surface resistance to staining, Admira
showed the smallest change (AE =3.934 + 0.814) and
Sinfony the least influence of dye (AE =5.126 + 0.838).
All values obtained by spectrophotometric system were
higher than those clinically acceptable (AE> 3.3)
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The degree of polarity of dyes determines their degree
of penetration into the resin. Less polar dyes, such as
coffee, can penetrate easily into the polymer matrix,
while more polar dyes, such as wine, only impregnate
the surface of the material?* Another possible explana-
tion for the degree of staining is the relationship between
pH of the dye solutions and the composite resin. One
previous study showed that acid dyes (pH 3-6) attacked
the surface of dental materials and caused some changes
in the surface integrity, softening the matrix and caus-
ing loss of structural ions such as Ca,*, Al;", Sr,", Ba,",
P5* e Si," 2. However, another study examined the influ-
ence of pH on the sorption behavior and solubility of
dental material and showed greater solubility in materi-
als immersed in solution with pH 4 and 6, than with pH
8. It was observed that although the cola solution had a
low pH, which could damage the surface integrity of
the dental materials, it did not produce as much discol-
oration as coffee and tea. This may have been because
the absence of caramel color in cola solution causes
color changes ranging from palest yellow to deepest
brown?®. The according to Bagheri et al.'® and Ertas et
al.!” the lack of yellow colorant in cola resulted in less
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