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ABSTRACT
Purpose: This study was performed to evaluate the influence of accelerated aging on the color
and translucency parameter (TP) of bleaching-shade resin composites.

Materials and Methods: Thirty-three bleaching shades and two control conventional shades of
microhybrid (MH) and microfill (MF) resin composite specimens (7 = §) were aged in an acceler-
ated aging chamber set to standard CAM 180 cycles. One side of each specimen was evaluated
for surface color and TP changes compared with baseline in increments of 150 kJ/m? for inter-
vals up to 450 k]/m? using a spectrophotometer. A AE* > 3.7 was considered to be a poor match,
and the total TP range was divided into three equal parts representing low, medium, and high
translucency. Data were analyzed with analysis of variance.

Results: Compared to the baseline, AL*, Aa*, Ab*, and AE* ranges at 450 k]/m? were —0.8 to
5.0,-0.6 to 1.2, -8.3 to 0.0, and 0.7 to 8.6 for MH and 0.2 to 1.3, 0.1 to 1.3,-2.5 to 1.1, and
1.7 to 2.7 for MF composites. Scheffé’s S intervals (p = .05) for comparisons of AL*, Aa*, Ab*,
and AE* values of MH composites between baseline and 450 k]J/m* were 1.6, 0.6, 1.7, and 1.5,
respectively. Corresponding Tukey-Kramer intervals for MF composites were 0.7, 0.3, 0.6, and
0.6, respectively. TP values at baseline ranged from 0.9 to 4.3 for MH and from 1.4 to 2.2 for
MF composites, whereas ATP for baseline minus 450 kJ/m? ranged from -1.1 to 1.7 for MH and
from 0.1 to 0.3 for MF composites. Scheffé’s § interval (p = .05) for comparisons of ATP values
of MH composites for baseline minus 450 k]J/m2 was 1.0. Corresponding Tukey-Kramer interval
for MF composites was 0.4.

Conclusions: Aging-dependent color changes at 450 k]/m? were above the limit that indicated a
poor match for 18/26 MH, while corresponding values for microfills were within acceptable range.
Accelerated aging generally caused decreases in L* (specimens became darker) and a* values
(specimens became redder), while b* values increased (specimens became more chromatic) for both
MH and MF composites. TP was relatively stable during aging for both MH and MF composites.

CLINICAL SIGNIFICANCE

Esthetics of resin composite restorations should be routinely reexamined since aging may cause
significant color changes. After aging, composite bleaching shades generally became darker and
more saturated for both MH and MF composites. Microhybrids were less color stable than
microfills, but TP values were relatively stable for both composite types.

(] Esthet Restor Dent 16:117-127, 2004)
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he real “life” of dental material

begins after placement in the
patient’s mouth. Although color,
translucency, and other parameters
related to esthetics can be judged
immediately, validation of these
properties should be done on a
long-term basis as well.

The most widely accepted color
notation systems have been devel-
oped by Commission Internationale
de I'Eclairage (CIE)."* The CIE
L*a*b* (CIE 76) system is predom-
inantly used in dentistry-related
studies. Color coordinates of the
CIE L*a*b* system are lightness
(vertical, achromatic coordinate;
value), L*, and chromatic coordi-
nates: a* (horizontal, green/red
coordinate) and b* (horizontal,
blue/yellow coordinate). Saturation,
C*, represents the difference of a
specific color in relation to gray
color of the same lightness (pale and
strong colors), whereas hue, H®,
enables differentiation of “color
families™ (eg, red, green, and blue).
C* and H® are polar coordinates,
derived from the known a* and b*
values. The degree of color difference
between the compared colors is
expressed in AE* units. Total color
difference can be further divided
into color coordinate differences:
AL*, Aa*, Ab*, AC*, AH®.2 In den-
tistry a AE* < 2.0 is conventionally
considered to be a limit of clinically
acceptable color difference,® whereas
AE* 2 3.7 represents a poor match.*

Although the terms transparent and
translucent are sometimes used syn-
onymously, there are differences

between these two optical properties
of a material. Transparent materials
allow complete transmission of
light; thus no light is reflected (they
are completely clear). An object
behind a transparent material will
not appear obscured. Translucent
materials allow partial transmission
of light, and thus some light is
reflected as well. An object behind a
translucent material will not appear
obscured. Opaque materials are
nontransparent and nontranslucent
in that they do not allow any trans-
mission of light.%¢

The accelerated aging effects on
color have been investigated using
various dental materials (Table 1):

7-10

composites, provisional materi-

als,''='? porcelains,'* ceramic poly-
mers,'’ veneering materials,'617
fluid resin acrylics,'® denture base
resins,'” soft denture liners,2” hybrid
ionomers,>! and resin cements.22:23
In addition to differences among
materials, differences in equipment
and research methods used in these
studies have resulted in a multiplic-

ity of results and conclusions.

The major components of a resin
composite are organic polymer
matrix, inorganic filler particles,
coupling agent, and the initiator-
accelerator system. Composites can
be classified by the particle size,
shape, and distribution of filler. In
accordance with the type of filler
particles, composites are classified
as microhybrids or microfills.
Microhybrid (MH) composites
contain irregularly shaped glass or
quartz particles of fairly uniform
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diameter. They usually have a dis-
tribution of two or more sizes of
fine particles with average diame-
ters of 0.4 to 3 pm plus a microfine
filler of 0.04 to 0.2 pm in diameter
(5-15%). They contain 60 to 70%
filler by volume, which corre-
sponds to 77 to 84% by weight.
Microfill (MF) composites are
composed of silica with a very high
surface area (particle diameter
0.04-0.2 pm). Owing to a high sur-
face area, only 25% by volume or
38% by weight is added to the
oligomer to keep the appropriate
consistency for clinical purposes.’

Bleaching-shade composites were
introduced as a logical answer to the
success of tooth bleaching proce-
dures, and they are also divided into
microhybrids and microfills. Since
bleaching-shade composites are rela-
tively new materials, a comparative
study of their long-term color stabil-
ity has not yet been published. Fur-
thermore, aging-dependent changes
in translucency parameter (TP) have
not been thoroughly investigated in
prior studies. The purpose of this
study was to evaluate in vitro accel-
erated aging effects on the color and
TP for MH and MF bleaching-shade
composites and two control conven-
tional shades using reflection
spectrophotometry. The hypothesis
was that there would be no differ-
ences in artificial aging-dependent
changes in color and translucency
of the tested materials.

MATERIALS AND METHODS
Thirty-three bleaching shades of
MH and MF composites from
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TABLE 1. ACCELERATED AGING STUDIES: MATERIALS, METHODS, AND RESULTS
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10 manufacturers and two conven-
tional shades from two manufactur-
ers were analyzed (Table 2). Five
composite specimens (10 mm in
diameter and 2 mm thick) of each
shade were fabricated in polytetra-

fluoroethylene cylindric molds.®
Composite was loaded into the
molds and pressed between two
glass slides lined with polyester film
(Mylar®, DuPont, Wilmington, DE,
USA). The specimens were cured for

TABLE 2. RESTORATIVE MATERIALS TESTED
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60 seconds using a standard halogen
lamp (Demetron® 501, Kerr/
Demetron, Danbury, CT, USA). The
energy of the curing light was moni-
tored and mainrained between 650
and 760 mW/cm?. Specimens were




stored in a dark environment in a
37°C incubator prior to testing,.

Unpolished specimens were aged in
an accelerated aging chamber (Atlas
Ci35A Xenon® Weather-Ometer,
Atlas Material Testing Technology
LLC, Chicago, IL, USA) set to stan-
dard CAM 180 cycles. One surface
of each specimen was exposed to a
controlled irradiance xenon arc fil-
tered through borate borosilicate
glass ar 0.55 W/m? at 340 nm, a
black panel temperature of 70°C
(light cycle) and 38°C (dark cycle),
a dry bulb temperature of 47°C
(light cycle) and 38°C (dark cycle),
and a humidity of 50% (light cycle)
and 95% (dark cycle). The test
cycle was 40 minutes light only,

20 minutes light plus front water
spray, 60 minutes light only, and 60
minutes dark plus back water spray.

Colorimetric data at baseline were
evaluated for changes in increments
of 150 kJ/m? for intervals up to
450 kJ/m? at 340 nm using a d/8°
spectrophotometer (Color-Eye®
7000, GretagMacbeth LLC, New
Windsor, NY, USA) with an inte-
grating sphere. Reflection values
were recorded in the visible spectra
range (360-750 nm) in increments
of 10 nm. Measuring conditions
were as follows: CIE L*a*b* color
notation system, CIE D55 standard
illuminant, 10° standard observer
(CIE 1964 supplementary standard
observer), specular component
included, and very small area view
3 x 8 mm aperture. The spectro-
photometer was calibrated using a
black light trap and a white calibra-

tion tile, both provided by the man-
ufacturer (GretagMacbeth LLC).
Specimens were recorded against
custom-made white and black poly-
tetrafluoroethylene molds (white:
L* =66.3,a% =-1.30, b* = -4.03;
black: L* = 24.5, a* = -0.01, b* =
—{(.43; 20 measurements). Accurate
positioning of specimens was
enabled by way of a custom jig.*

The total color difference was cal-
culated as the sum of all color coor-

dinate differences*:

AE* = [(AL*)? + (Aa*)? + (Ab*)2]"

The TP was calculated as the
difference of color coordinate
values obtained for the same speci-
men against black and white
backgrounds®’:

TP* = [(Lp* — Lw*)? + (ag” —aw*)?
+ (bﬁ» _ bw:b)l]'n‘:

where the subscript B refers to
color coordinate values obtained
against the black background and
the subscript W is related to the
values obtained against the white
background.

AE* > 3.7 was considered to be a
poor match, and a total TP range
was divided into three equal parts
representing low, medium, and
high translucency.

Aging-dependent TP changes
(ATP) were calculated as the
difference between TP values at
certain intervals:

ATP =TPn—- TPy

where the subscript N is related to
TP value obtained at baseline and
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the subscript M refers to TP at a
certain aging interval (150, 300, or
450 kJ/m?).

Means and SDs of L*, a*, b*, AE*,
TP, and ATP were calculated. Analy-
sis of variance was used for calcula-
tion of the p values, and Scheffé’s §
and Tukey-Kramer intervals for
comparison of means of TP were
calculated at the .05 level of signifi-
cance (SuperANOVA®, Abacus
Concepts, Berkeley, CA, USA).

RESULTS

Means and SDs of L* a* b* values
at baseline as well as color differ-
ence metric values for each shade at
baseline minus 450 kJ/m? (recorded
against white background) are
listed in Table 3. The AL* range at
baseline was 26.1. Seven bleaching
shades had lower lightness values
compared to 3-D/1M2 and two
were darker than XRV/B1 (see
Table 1 for product and manufac-
turer information). The Aa* range
at baseline was 3.4, and it was
placed completely in the green part
of coordinate a*. The Ab* at base-
line range was 7.4, and it was
placed in both blue and yellow
parts of coordinate b*. The greatest
changes for baseline minus

450 kJ/m? were recorded for the b*
coordinate range, 8.3 for MH and
3.7 for MFE. Corresponding values
for L* and a* coordinate changes
were 5.8 for MH and 0.9 for MF
as well as 1.8 for MH and 1.2 for
MEF, respectively. Artificial aging,
especially at the later stage, caused
significant color change of micro-
hybrids—mean AE* values at 150,
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TABLE 3. MEAN L*a*b* VALUES AT BASELINE AND AGING-DEPENDENT
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300, 450 k]/rnl were 3.2, 4.0 and TABLE 4. TP AT BASELINE AND AGING-DEPENDENT ATP.'
4.7, respectively—and much smaller

color changes of microfills—2.0,

2.0, and 2.1, respectively. 42 (0.2)

L6 (0.3)
Means and SDs of TP at the base- M2 12 (0.1)
line and ATP between baseline and - ls (02)
450 kJ/m? are listed in Table 4. TP Fall) | Mmﬁ} e
values at baseline ranged from 0.9 | e ! 2

to 4.3 for MH composites and from
1.4 to 2.2 for MF composites; TP
values of control shades were within
the range of bleaching shades. TP
ranges at 150, 300, and 450 kJ/m?*
were 0.8 to 4.0 for MH composites
and 0.9 to 2.0 for MF composites;
0.7 to 4.3 for MH composites

and 1.5 to 2.0 for MF composites;
0.8 to 4.1 for MH composites

and 0.9 to 2.4 for MF composites,
respectively. Mean ATP values at
150, 300, and 450 kJ/m* were 0.07,
0.12, and 0.16 for MH composites
and 0.14, 0.11, and 0.00 for MF
composites, respectively.

DISCUSSION

In the context of durability of tested
materials, correlation is the level of
agreement between artificial weath-
ering method and real-time service,
whereas acceleration is a measure of
how rapidly a test can be conducted
compared with natural weathering,
An American Society for Testing and
Materials (ASTM) G151 standard
defines factors that decrease correla-
tion between accelerated aging tests
using artificial light sources and
real-time exposures. These factors
are related to light, temperature,
and humidity and include differ-
ences in spectral energy distribution

VOLUME 16, NUMBER 2, 2004 123



ACCELERATED AGING EFFECTS ON COLOR AND TRANSLUCENCY OF

and intensity of artificial light
source, exposures to shorter wave-
lengths and a very strong emission
in a narrow band spectra part, con-
tinuous light exposure with no dark
periods, abnormally high tempera-
tures and differences in temperature
cycling conditions, and unrealistic
levels of moisture.

According to ASTM G155, several
cycles could be used for operating
xenon-arc light apparatus for expo-
sure of nonmetallic materials. The
cycle used in this study is marked as
CAM 180. It encompasses alternate
exposure to light and darkness and
intermittent exposure to water spray
(simulates direct exposure with addi-
tional short wavelength energy).¢

How many hours in an artificial
test instrument equal 1 year in a
patient’s mouth? There is no pub-
lished answer based on clinical find-
ings to this logical and often-asked
question. The manufacturer’s esti-
mation that 300 hours of aging is
approximately equivalent to 1 year
of clinical service should be used
with extreme caution.'*!® The vari-
ables mentioned above and differ-
ences among weathering devices and
aging cycles influence the results
and consequently the accuracy of
estimation. A total exposure of

450 kJ/m? was equal to 345 hours
or 115 aging cvcles, which means
that 100 hours in the aging chamber
approximate 130 k]J/m?. Since only
the light hours should be counted
and there were two light hours in
each cycle, 150 kJ/m?, 300 k]/m?,
and 450 kJ/m? corresponded to 77,

153, and 230 light hours, respec-
tively, which is in accordance with
the literature.!5+'%22 The ratio
between light hours and total hours
in the aging chamber varies for dif-
ferent types of cycles. To avoid possi-
ble confusion, artificial aging should
be expressed in kilojoules per square
meter rather than in hours.

Aging-dependent L* a* b* differ-
ences at baseline minus 450 kJ/m*
showed a characteristic lightness
shift toward lower L* and a* values
(23/26 MH shades and all MF
shades), whereas b* values increased
(the specimen became more satu-
rated—25/26 MH shades and 6/7
MF shades), which is in accordance
with the literature.®!" The magni-
tude of L*a*b* changes confirms
better color stability of MF com-
pared with that of MH composites.
Aging-dependent changes showed
synergistic effects with some curing-
dependent color and TP changes
and antagonistic effects with the
other ones: MH composites become
darker, less saturared, and more
opaque, whereas MF composites
became lighter, less saturated, and
less opaque after light curing.®

At 450 kJ/m?, 3 MH and 3 MF
composites had a AE* < 2.0 relative
to baseline, and § MH and 4 MF
composites had a AE* of 2.1 to 3.6,
whereas 18 MH and no MF shades
had a AE* that was = 3.7. These
data underline the need for both
improvement of long-term properties
of some bleaching-shade compos-
ites and routine reexamination of
related bleaching-shade restorations.
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Light shades of bleaching-shade
composite resins originate from
inorganic oxides added to martch
extralight tooth shades. The poly-
merization of visible light-cured
composites occurs by their expo-
sure to an intense blue light. Poly-
merization reaction starts with the
light absorption by diketone in the
presence of an organic amine.’
Some initiators accelerate polymer-
ization of composite resins, but they
do not accelerate the aging process
of once polymerized materials.
With inorganic fillers, the higher
the filler concentration, the better
the color stability after aging; how-
ever, no strong correlation was
found between the two parameters.?”
Changes of composite resins during
clinical service occur because of
stain accumulation, dehydration,
water sorption, chemical break-
down, surface degradation, leakage,
poor bonding, and surface rough-
ness.®2! Similar changes were
observed after artificial aging: craz-
ing of surface and exposure of filler
particles of conventional compos-
ites and crazing of MF composites,
changes in the surface chemistry,
weight loss per exposed surface
area, and volume loss.2% Color
changes occurred as a consequence
of some, if not all, of the mentioned
physical (rougher surface texture
increases the scattering of incident
light) and chemical changes.!’

TP generally decreased for both MH
and MF composites; that is, the
specimens became more opaque
with aging. However, these changes
were not perceptible. A wide range



of TP values indicates the need for
establishment of standardization in
interpretation of results. Dividing of
a TP range into three equal segments
is one solution. A total of 15 MH
and 6 MF shades were found to be
of low translucency (0.9-2.0), 5§ MH
shades and 1 MF shade were of
medium translucency (2.1-3.1), and
6 MH and no MF shades were
highly translucent (3.2—4.3). Since
color difference between black and
white molds were lower compared
with color difference between black
and white calibration tiles used in
the previous study,® TP values were
generally lower.

The correlation of durability in
terms of properties (eg, color,
translucency, gloss, tensile strength)
and chemical changes certainly
requires additional research. How-
ever, relative comparison of the
recorded data could be useful clini-
cal guidelines for color stability
evaluation of bleaching-shade com-
posites and their relation to the
conventional shades— the smaller
the AE* value, the better the color
stability. More recent color differ-
ence metric equations such as CMC
(I:c), CIE 94, and CIE 2000 are in
better accordance with visual find-
ings than is CIE 76. Differences in
color difference metric values
among CIE 76 and mentioned
advanced color notation systems
could further complicate standard-
ization and interpretation of the
results of artificial aging experi-
ments. The same applies to the
absence of standardized values for
white and black backgrounds in TP

calculations. Although the relative
ratio of the data recorded remained
the same, some future standardiza-
tion should also include standard-
ized backgrounds (relative to their
L*a*b* values). Lack of standard-
ized specimen thickness and size
as well as factors associated with
differences in measuring device
settings, design, and method are
additional aspects that could com-
promise the comparison of results
of artificial-aging experiments.

CONCLUSIONS

Accelerated aging generally caused
decreases in L* (specimens became
darker) and a* values (specimens
become redder), whereas b* values
increased (specimens became more
saturated) for both MH and MF
composites. Aging-dependent color
changes at 450 k]/m? were above
the limit thar indicated a poor
match for 18 of 26 microhybrids.
Corresponding AE* values of
microfills were within acceptable
range. Scheffé’s § intervals (p = .05)
for comparisons of AL*, Aa*, Ab*,
and AE* values of MH composites
for baseline minus 450 k]/m? were
1.6, 0.6, 1.7, and 1.5, respectively.
Corresponding Tukey-Kramer inter-
vals for MF composites were 0.7,
0.3, 0.6, and 0.6, respectively.

TP values of the evaluated materials
were highly varied. They generally
decreased after aging (specimens
became more opaque), but the dif-
ference was very small; TP was rel-
atively stable during aging for both
MH and MF composites. Scheffé’s §
interval (p = .05) for comparisons
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of ATP values of MH composites

for baseline minus 450 kJ/m? was

1.0. The corresponding Tukey-
Kramer interval for MF was 0.4.
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