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ABSTRACT Theeffectof tea, cola, orangejuice, and distilled water
on the color stability of a porcelain (VITA VMK 95) and a reinforced
composite rein (GC Gradia) was evaluated. Standardized specimens

for each material was prepared. Specimens from each group were

immersed in staining solutions at 50 degree Celsius for 30 days. Tea

caused the most significant color change. AE of all of the materials

was changed after the immersion in all of the staining solutions during

the experimental process.
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orcelain veneers have estab-
lished themselves as ulti-
mate conservative anterior
esthetic restorations because
of their natural appearance,
good wear resistance, and color stability.
Porcelain has color-rendering properties
and optical properties that stimulate
natural teeth. Although porcelains have
high compressive strength and resist
discoloration, which is superior to any
other restorative material, they have
anumber of undesirable characteris-
tics such as the time-consuming and
technically demanding fabrication and
abrasiveness of the porcelain when used
against natural tooth structures.* It’s

important to note that the long-term
clinical success of porcelain veneers
depends on a careful case selection and
diagnostic approach as well as an accu-
rate and appropriate tooth preparation.
Recently introduced indirect com-
posite systems try to resolve some of the
problems inherent with dental porcelains.
Over the last few years, the develop-
ment of indirect resin-based composite
resins has given the dental profession
the possibility of fabricating adhesive
aesthetic veneers for anterior teeth.
Indirect resin composite veneers have
been used minimally for several reasons:
the dentists’ ability to place direct resin-
based composite themselves; difficulty
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FIGURE 1. Afour-hole metal mold was used to
prepare porcelain disks.

in bonding laboratory-made fully cured
composite resins to acid-etched tooth
structure, and the color unpredictability.?
Light-cured GRADIA is an indirect
restoration system for crown and bridge,
inlays, onlays, and veneers. The chemistry
of GRADIA couples a micro-fine ceramic/
pre-polymer filler with a urethane dime-
thacrylate matrix to produce a superior
ceramic composite, thus the system has
improved mechanical properties, has
the advantage of more strength, better
translucency, and smoother surface finish,
thus providing an ideal material for some
prosthetic purposes.* Still, one of the
properties these composites have to pass
the test of time is their color stability.
Composites are susceptible to discol-
oration that may be intrinsic or extrinsic.5
Intrinsic factors involve discoloration
because of alteration of the resin matrix
itself or the interface of matrix and fillers,
oxidation, or hydrolysis in resin matrix.®
The resin matrix, a major component of
composite materials, has been reported
to play a critical role in color stability and
is affected by different pH solutions and
alcohol concentration. Studies of Fer-
racane et al. have shown that alcohol can
plasticize the resin matrix, making it soft
and prone to degradation.®® In addition,
a study by Dietschi et al. showed that the
intrinsic staining may be related to high
resin content and water absorption.*
Extrinsic factors for discoloration
include staining by adsorption or ab-
sorption of colorants as a result of

674 SEPTEMBER 2008

TABLE 1
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Recommended Firing Cycle Used for VITA VMK 95 as Instructed by

the Manufacturer

Firing Preheat ——

. temp°C | ———
Glaze firing ' 600 ' 4.00
with fluid

contamination from various exogenous
sources.”™ Thus, dietary habits such
as large consumption of soft drinks
and beverages can contribute to the
external staining of the laminates.*#
Ertas in 2006 showed that there
are noticeable color changes of resin
composites after immersion in differ-
ent drinks.”® In 2005, Gupta manifested
that the color match of esthetic restora-
tions in the oral cavity is affected by
dietary habits.” However, because of the
inconsistencies inherent in color percep-
tion and specification among observers,
only visual comparison is not reliable.
Colorimetry, based on comparison with a
known standard is the most scientific and
practical method to assess color stability.
The CIELAB (Commission Interna-
tionale de I'Eclairage) color coordinates
system is a very useful mode that pro-
vides information about location of object
color in a uniform 3-D color space. It
quantifies the color in terms of three co-
ordinate values L*, a*, and b*. Here, L* rep-
resents brightness or lightness (value) and
a* and b* serve as numeric correlates both
for hue and chroma. The a*and b* values
represent position on a red/green and
yellow/blue axis, respectively: + a*=red, -
a*= green, + b*=yellow, and - b*= blue. The
magnitude of the color difference per-
ceived between two objects is calculated
by formula AE = (AL2 + Ab2 + Aa2) %.
Color stability is decisive for the
success of any anterior veneering mate-
rial. Color mismatch is a major cause
for the replacement of conventional
anterior composites. Discoloration
of restorative materials may result in
patient dissatisfaction and additional

- éTemp. . T VAC
— lapprox°’C, —— |
400 ' 900 ' 1.00 ' 0.00

time and expense for replacement.
However, in this regard, the color stability
of microceramic-reinforced composites
has not been evaluated and clarified.
These composite materials designed for
anterior fixed prosthodontic applica-
tions must possess color stability at least
comparable to that of dental porcelain.
This study was conducted to evaluate
the effect of three commonly consumed
beverages: orange juice, tea, and cola, on
color stability of an indirect microceramic-
reinforced composite and a porcelain.

Materials and Method

A microceramic-reinforced composite,
i.e., GC Gradia, (GC America Inc.) and a
dental porcelain, i.e., Vita VMK g5 (Vita
3D-Master) were selected for this study.

Specimens were prepared in the
form of discs. The shade used for test
material was Vita VMK 95 EN 1 and GC
Gradia El 1. Twenty discs of each mate-
rial were prepared with a diameter of
20+2 mm and thickness of 2+ 0.2 mm.

VITA VMK Disk Preparation

A four-piece metal mold with speci-
fied dimensions was machined and used
for making the VITA VMK g5 discs. The
metal mold consisted of three parts.
The upper and lower parts were two
simple flat metal plates, whereas the
middle part consisted of four holes
(Ficure 1). A disc of condensation
silicone; Speedex (Colten, Whaledent,
USA) was prepared by injecting the ma-
terial between the two halves of a metal
mold; both halves of the metal mold
were then pressed together uniformly.
The silicone disc thus obtained was
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FIGURE 2. The prepared porcelain disks.

then placed inside a wax mold and the
wax mold was filled with a refractory
investment material to prepare a mold.
VITA VMK g5 was applied on this mold,
condensed, and trimmed flush with the
upper part of the metal mold and fired.
The purpose of this procedure was to
have standardized porcelain disks.
Before firing the disks, thorough
testing of the ceramic furnace was
performed. Damaged fireclay bases as
well as contaminated furnace linings
were exchanged before firing. Furnaces
featuring large temperature fluctua-
tions were not used in this study.
Corrections on the disks were made
using diamond-coated burs. The entire
surface was ground with one abrasive
instrument as different abrasive ma-
terials result in different degrees of
roughness, and hence different degrees
of surface gloss. The disks were cleaned
again. Then, the glaze was applied to
the entire surface. Excess glaze was
removed with a dry brush until only
a film of glaze remained. Final glaz-
ing was done according to TABLE 1 as
instructed by the manufacturer:
Afterward, the discs were removed
from refractory mold taking care not to
damage the glazed surface (FiGure 2).

GC Gradia Disk Preparation

A five-piece glass mold was used
for making the composite disks. Like
the metal mold described, it consisted
of three parts (ricure 3). A cellophane

FIGURE 3. Afive-hole glass mold was used for
the preparation of GC Gradia disks. It consisted of
three parts: upper, lower, and a middle hole part.

sheet was placed at the base of the
mold and then the material was placed
in the mold and pressed uniformly.
Extra flash was removed and the
material was made flush with the top
of the mold surface. Discs were light-
cured 20 seconds from both sides, as
instructed by the manufacturer using
a visible light cure unit, GC Steplight
SL-I (GC America Inc.). Final curing
was performed by GC Labolight LV-III
(GC America Inc.) for three minutes

as instructed by the manufacturer, but
they were cured two minutes more to
ensure sufficient polymerization.

The cured specimens were finished
with six brush strokes in the same direc-
tion using Moore’s disks (E.C. Moore Co.,
Dearborn, Mich.) to produce a standard
rough surface. The specimens were then
polished with the use of the Sof-Lex
(3M ESPE, St. Paul, Minn.) system.* The
system the authors used consisted of
three steps:

1. Application of a medium aluminum
oxide disc (40 pum)

2. Application of a fine aluminum
oxide disc (24 um)

3. Application of an ultrafine alumi-
num oxide disc (8 um)

The same slow-speed handpiece was
used for all procedures. The polishing
procedure consisted of repetitive strokes
for 30 seconds, 10 seconds per step of
the system, to prevent heat buildup. An
intentional effort was made to standard-
ize the strokes, downward force, and the

FIGURE 4. The prepared composite disks.

number of strokes for each polishing
procedure. According to the manufac-
turer’s instructions, Sof-Lex system
was used dry. Specimens were labeled
on one side using a fine, round bur.

All the disks (GC Gradia and VITA
VMK g5) were stored in Saliva Substi-
tute (Roxane Laboratories Inc., Colum-
bus, Ohio) in plastic bags at 36 degrees
Celsius 24 hours prior to their placement
in the staining solutions (FIGURE 4).

Test Solutions

Tea (Lipton’s black tea), orange juice
(Tropicana), cola (Coke), and distilled
water were used in this study. A solu-
tion of 250 ml each was taken and
specimens were immersed in solu-
tions. For tea preparation, a black tea
bag was immersed in 300 ml boiling
distilled water and simmered for two
minutes. All solutions were kept at a
constant temperature of 50 + 1 degree
Celsius in an incubator. Test solutions
were changed every seventh day.

Color Evaluation

Color changes were measured at an
interval of one day, 15 days, and 30 days
for all the solutions.

Following removal from the staining
solutions, the samples were dipped in
distilled water and moved up and down
10 times. The samples were then wiped
dry with tissue paper with light pres-
sure and then placed in viewing port
for color measurement. Each specimen
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TABLE 2

Total Discoloration of VITA VMK 95 in Different Beverages at Different

Time Periods

1

AE 05

0 -
Distilled Water

[ 0-15days M 0-30days

TABLE 3

Orange Juice

Coca-Cola Tea

Materials

Total Discoloration of GC Gradia in Different Beverages at Different

Time Periods

Distilled Water

[ 0-15days M 0-30days

was placed on a neutral gray background
(Munsell N-7, Macbeth, New Windsor,
N.Y.). This background was used for all
color measurements. Minolta CR-10 was
used in the study. Color changes were
calculated by using the formula: Change
in color AE = (AL2 + Ab2 + Aa2) %.
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Orange Juice

Coca-Cola Tea

Materials

Statistical Analysis

A one-way ANOVA with a multiple-
range test (Tukey test) was applied to
see significant difference among the
groups. To see the trend or impact of
different beverages, a two-way ANOVA
test was applied. A level of signifi-
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cance of 95 percent was satisfied dur-
ing the entire statistical analysis.

Results

All three factors studied, i.e., type of
material, solution, and time factors had
a significant effect on each of the three
measured color parameters. VITA VMK
95 after immersion in the test solutions
showed a small amount of color change
after one month that was clinically non-
perceptible in all the solutions, including
distilled water. The color change ranged
from 0.21 AE units in water to 0.51 AE
units in orange juice after one month
(taBLE 2). GC Gradia showed increased
discoloration over the observation period
of one month. The color change ranged
from 3.12 AE units in water to 6.09 AE
units in tea after one month (tasLE 3).

The difference in total discoloration
was significant between VITA VMK g5
and GC Gradia (p<0.001), with the latter
showing more discoloration than porce-
lain in all the solutions. The maximum
mean difference between VITA VMK g5
and GC Gradia was: 2.91 in water; -5.75
in tea; -3.67 in orange juice; and -3.86
in cola. Considering the mean stain-
ing intensity of all the solutions, tea
was found to cause more discoloration
than orange juice, cola, and water.

There was a significant change in AL
(brightness) after a period of one month
in both groups. Both groups showed a
decrease in L value, i.e., became darker
and less bright with time. However, the
amount of AL changes after one month
for VITA VMK 95 was clinically non-
perceptible. This change ranged from
0.04 units in tea to 0.32 units in cola.

GC Gradia showed a significant change
in L value (p< 0.001) ranging from 1.64
units in water to 3.88 units in tea.

When compared with porcelain
there was significantly more change



in GC Gradia (p < 0.001). Aa (change
along red-green axis) was found to be
significant for all the materials after one
month (p< 0.001) in all the solutions.
Both VITA VMK and GC Gradia showed
positive Aa, therefore indicating a shift
toward red color. A maximum change in
the “a” coordinate was seen in GC Gradia
after exposure to tea. When compared
with VITA VMK, there was significantly
more change in GC Gradia (p< 0.001).

Ab (change along yellow-blue axis) was
found to be significant for all the materi-
als after one month (p< 0.001) in all the
solutions. GC Gradia showed positive Ab,
therefore indicating a shift toward yellow.
A maximum change in the “b” coordinate
was seen in GC Gradia after exposure to
tea. VITA VMK g5 showed a negative Ab
just in distilled water, thus indicating a
shift toward blue or became less yellow.

In the other solutions, VITA VMK
95 showed positive Ab. When compared
with porcelain, there was significantly
more change in GC Gradia (p < 0.001).

Color change along individual coordi-
nates of the CIELAB system (taBLEs 4-6).

Discussion

A number of factors are known to im-
pact color stability of the composites. In
this study, the researchers were very care-
ful to reduce such factors to a minimum.
Different factors that could precipitate the
staining of samples during polymeriza-
tion, finishing, and storage. Although a
high-gloss surface generally is considered
less susceptible to staining, other surface
conditions, such as incomplete polym-
erization of the resin matrix, may lead
to the surface staining of composites.’
Microcracks, microvoids, or interfacial
gaps located at the interface between
the filler and the matrix are the most
likely penetration pathways for stains.”

This study evaluated the extrinsic

TABLE 4
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ANOVA for AL Changes in Different Beverages at Different Time Intervals

Distilled water ' 64.240.32 | 6272%0.08 ' 62.60+0.07
GC GRADIA Orange juice I 64.26+0.19 I 62.34£0.19 I 62.16%0.15
Tea 64.34+0.30 61.60£0.24 60.46+0.59
Cola 64.20£0.30 62.22£0.14 62.08+0.08
Distilled water ' 60.06£0.55 | 60.40%0.54 ' 60.1840.50
VITA VMK 95 Orange juice 60.06+0.43 59.90+0.07 59.74%0.27
Tea 60.12+0.20 60.22+0.43 60.08+0.27
Cola : 60.22+0.52 60.38+0.51

TABLE 5

| 60.44%0.53

ANOVA for AA Changes in Different Beverages at Different Time Intervals

Distilled water ' -2560.15 | -250£0.10 | -234%011
GC GRADIA Orange juice -2.52+0.13 -2.40%0.15 -2.24+0.15
Tea -2.56+0.16 -1.90+0.24 -1.260.41
Cola -2.54+0.11 -210£0.10 -1.92+0.08
Distilled water ' 0.44+0.08 ' 0.38:0.08 | 0.46+0.05
VITA VMK 95 Orange juice 0.48+0.08 0.44+0.08 0.64+0.15
Tea 0.44+0.05 0.52+0.04 0.66+0.08
Cola 0.50%0.07 0.58+0.04 0.76+0.08

TABLE 6

ANOVA for AB Changes in Different Beverages at Different Time Intervals

Distilled water ' 0.24+0.28 | 262+019 | 288:022

GC GRADIA Orange juice 0.40+0.18 3.60+0.26 4.00£0.15
Tea 0.46%0.18 4.22+0.26 4.96%0.29
Cola 0.24+0.24 3.84£0.19 3.82+0.17
Distilled water ' 324015 | 326%0.16 | 3142013

VITA VMK 95 Orange juice 3.20%0.07 3.40£0.10 3.32+0.14
Tea 318+0.16 3.44+0.15 3.32+0.19
Cola : : :

; 3.32#0.16

| 366018

; 3.50£0.15
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staining of the samples in different
solutions. Extrinsic staining very likely
depends upon the smoothness of the
surface of the material. In this study, care
was taken to have equal surface smooth-
ness for the GC Gradia disks by perform-
ing standard procedures for all samples
and the application of equal power during
finishing and polishing procedures, the
pressure used in this study was controlled
by a conscious effort to standardize the
stroke with a downward intermittent
force, as well as the number of strokes for
each polishing procedure. The amount of
time to finish each sample with each abra-
sive material was also carefully controlled.

Careful following of the manufacturers
guidelines regarding the glazing proce-
dures of the VITA VMK 95 could possibly
lead to an equal smoothness of surface
for these samples. However, as porcelain
samples were considered as controls in
the study and since the two materials (GC
Gradia and VITA VMK gs) are of totally
different substances, no effort was made
to equalize the surface smoothness of the
composite groups to the porcelain disks.

To simulate the clinical discoloration
potential of the samples, they were stored
at 50 degrees Celsius in accordance with
the accelerated lab test given by Asmus-
sen in 1981 that stated color changes
produced in composites by storing for one
month at an increased temperature of
50-60 degree Celsius was well correlated
with color change obtained after storing
for 12 months at 37 degree Celsius.

Color perception is a psychophysi-
cal phenomenon with variations, both
between individuals and within an
individual at different times, and instru-
mental measurement has the advantage
of obviating the subjective errors of color
assessment.” The CIELAB color system is
used almost exclusively for color research
in dentistry around the world. It was
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introduced in 1976 and recommended

by the International Commission on Il-
lumination. The strength of this system,
unlike that of the Munsell system, is

its ability for clinical interpretation, as
equal distances across the CIELAB color
space (color differences or AE) represent
approximately uniform steps in human
color perception, improving the interpre-
tation of color measurements. This means
that the magnitude of perceptible and/or

TEA WAS FOUND
to cause
more discoloration
than orange juice,
cola, and water.

acceptable color difference can be defined
between for example, a porcelain crown
and the adjacent natural dentition.* Thus,
the application of this system helped the
study have a rather precise method of
color evaluation. As a result, observation
bias in the collection of data by clinical
observers has had little chance to occur.
Even porcelain (VITA VMK gs) after
immersion in the test solutions showed
a color change ranging from 0.21 to 0.51
AE units after one month though it was
not in a visually perceptible range. The
overall color changes were in a range
similar to that reported in a study by
Razzoog et al., in which two porcelain
systems vs. Ceramco and Procera showed
a color change in the range of 0.5- 1.5 AE
units after an accelerated aging process
for goo hours in a weathering chamber.”
Douglas evaluated the color stabil-
ity of various indirect resins (Artglass,
Zeta, Targis, Belleglass), one direct resin
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(Herculite XRV), and a porcelain system
(Omega 9o0) after accelerated aging for
300 hours.* Porcelain was reported to
discolor the least and was not signifi-
cantly different from Zeta and Artglass
that showed a color change in the range
of 0.62-3.4 AE units. But these studies
differed from the present study since
these studies evaluated only the change
that occurred over time (effect of ag-
ing) and did not evaluate the resistance
against external staining. Color changes of
composite materials can happen through
different mechanisms: the formation of
colored degradation products, alterations
in surface structure due to wear and by
extrinsic staining. The last mechanism
is not tested in accelerated aging.*
Considering the mean staining inten-
sity of all the solutions, tea was found
to cause more discoloration than orange
juice, cola, and water. The strong black
tea used in the present study could have
affected the results. This is in agreement
with the results of some previous stud-
ies conducted to find effect of various
staining agents on different resinous
materials.®*#* Nonetheless, it has been
reported that discoloration with tea is
superficial and can be easily removed after
cleaning with soap and toothbrush.* As
tea is a common drink in different coun-
tries, especially in Middle Eastern societ-
ies, clinicians should advise patients that
drinking tea could intensify surface stain-
ing on composite restorations. It is highly
recommended that a toothbrush be used
to remove the stains after drinking tea.
When the trend for color change was
observed over the observation period
of one day to one month, it was no-
ticed that GC Gradia showed a greater
amount of discoloration in the first two
weeks in general. The fact there is water
solubility and leaches out after immer-
sion in a solution might have affected



the early color changes in GC Gradia.

The results are in partial agreement
with the study by Buchalla that was
conducted to determine the color and
translucency changes in a hybrid compos-
ite (Tetric) and a microfilled composite
(Silux-plus) after exposure to an artifi-
cial light with and without water.” The
samples were stored at room temperature
(23 degrees Celsius) for one month. Both
the materials in the study showed nega-
tive AL value (a decrease in L value), i.e.,
darkening with time. There was a blue
shift (negative Ab) for both the materi-
als. In the present study, changes along
the “L” axis are in agreement with that
by Buchalla, but changes along the “b”
axis are different. The difference could
be due to difference in the experimen-
tal conditions. In the authors’ study,
samples were stored at an increased
temperature of 50 degrees Celsius to
simulate a long-term clinical exposure.

Secondly, the test solutions in the
present study were tea, orange juice,
and cola, along with water as a control.
Tea was found to cause yellowing and
reddening of the composites, in agree-
ment with previous studies, and has been
explained on basis of yellow component
present in the solution.” The response to
cola and orange juice varied among the
test materials. The extremely low pH of
cola (approximately 2) and orange juice
can be a contributing factor to changes in
the color characteristics of the materials.”
Cola gains its color through the addi-
tion of caramel color. Caramel exhibits
colors ranging from palest yellow to
deepest brown, and is made by heating
sugar or glucose in the presence of alkali
or mineral acid.” The positive b* values
for the specimens immersed in the cola
solution indicate a shift toward yellow.
The control, i.e., distilled water, was also
found to cause small variations in color,

which may be due to increased tem-
perature, causing increased water uptake
by composites and leaching out of few
soluble components of the materials.

The clinical relevance of the pres-
ent study results depends on how much
color change (represented by E values) is
considered perceptible. It is shown that a
E < 1is not considered perceptible to most
subjects with normal color vision. Studies
state that observers do not believe that

THE RESPONSE
to colaand
orange juice varied
among the
test materials.

restorations with a E as high as 3.3 and 3.7
required replacement, although the color
differences definitely were perceptible.?®*
Considering the fact that color perception
can vary significantly among people, the
latter results probably would represent
the color perception reality of the general
population, for whom the color difference
probably would be visually detected, but
it also may be clinically acceptable 3>

Conclusion

It has been claimed that under clinical
conditions in the mouth, AE color differ-
ences have been reported as relevant only
when the value is higher than 3.3 or 3.7.
Thus, the changes in the GC Gradia are of
relevance clinically as these changes would
be apparent after prolonged and frequent
exposure of the restorations to tea, orange
juice, and cola. (Unlike some other stud-
ies, samples were stored at an increased
temperature of 50 degrees Celsius to

CDA JOURNAL, VOL 36, NO9

simulate a long-term clinical exposure).
GC Gradia tested in this study demon-
strated color changes that could not be
considered acceptable as this material did
not possess color stability comparable to
dental porcelain and because of its poor
resistance against external staining.

Although the usage of GC Gradia
as an anterior veneering material is
not advocated by results acquired in
this in vitro study, further in vivo and
in vitro studies are needed to con-
firm this result. Nevertheless, VITA
VMK 95 can be considered color stable
and resistant to external staining.

Finally, the authors would like to
emphasize that it is difficult to entirely
correlate laboratory findings with the
clinical behavior of any restoration since a
number of factors are at play in oral envi-
ronment that cannot be fully simulated in
laboratory conditions. Therefore, to find
a correlation between clinical studies and
lab measurements, further in vivo clinical
evaluation is suggested. mmmm
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