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ABSTRACT

Objectives: To investigate the colour stability of four indirect composite restorative materials after
accelerated aging.

Methods: Four indirect composites (Gradia, Signum+, HFO and Adoro) were used. For each mate-
rial, six specimens were prepared and subjected to accelerated aging (Suntest CPS+, Atlas, Chicago,
IL, USA) according to ISO 7491. A Dr. Lange Microcolor Data Station colorimeter (Braive Instruments,
Liege, Belgium) was used to measure specimen colour before and after aging. Measurements were
performed according to the CIE L*a*b* system, and the mean L*, a* and b* values for each material
were calculated. The equation AE = [(AL*)2 + (Aa*)2 + (Ab*)?]"> was used to measure the total colour
change (AE), where AL*, Aa* and Ab* are the differences in the respective values before and after
aging. One-way ANOVA were used to determine statistically significant differences in AL*, Aa*, Ab*
and AE.

Results: No statistically significant differences were found in AL*, Aa*, Ab* and AE among the
materials tested (PAL*=.063; PAa*=.521; PAb*=.984 and PAE=.408). After aging, Gradia specimens
showed an increase in lightness (AL*=0.36) and a green-yellow shift (Aa*=-1.18, Ab*=0.6), while Sig-
num+ specimens exhibited an increase in lightness (AL*=0.5) and a green-blue shift (Aa*=-0.9, Ab*=-
0.45). HFO specimens exhibited an increase in lightness (AL*=0.75) and a green-yellow shift (Aa*=-
1.3, Ab*=0.06), and Adoro specimens exhibited an increase in lightness (AL*=2.07) and a green-yellow
shift (Aa*=-1.3, Ab*=0.68).

Conclusions: Colour changes were found to be within accepted values of perceptibility and clinical
acceptance after accelerated aging, and no statistically significant differences were found in AL*, Aa*,
Ab* and AE among the materials tested. (Eur J Dent 2010;4:137-142)
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O Colour stability of veneering composites

INTRODUCTION

Indirect veneering composite resins are be-
ing used with increasing frequency as a viable
alternative to porcelain due to their improved me-
chanical properties, satisfactory aesthetic perfor-
mance and ease of handling. However, long-term
colour stability of these resins remains a matter
of concern.” Restorations in the oral cavity are ex-
posed to a variety of factors, such as temperature
fluctuations, humidity, light, food and beverages.
Composite materials change their colour as a re-
sult of external factors, such as dietary or smok-
ing habits.2® Internal discoloration in the deeper
layers of the materials involves a variety of factors
related to their composition. More specifically,
the type of photo-initiator, nature of resin matrix,
filler content and particle size distribution are re-
lated to colour stability.*®

Colour stability is also influenced by the inten-
sity and duration of polymerisation®’ and, conse-
quently, by the degree of conversion.? In addition,
factors such as heat, water, and exposure to am-
bient and UV radiation and food colorants have
been reported to affect colour stability.” ™

In an attempt to simulate long-term intraoral
colour performance of composites, several in vi-
tro methods have been developed. These methods
include storage in water, dark and dry conditions®
and exposure to visible or UV radiation or several
food staining solutions.'*™

The purpose of the present study was to inves-
tigate the colour stability of four indirect compos-
ite restorative materials after accelerated aging.
The testing hypothesis was that the colour param-
eters of the tested materials remain within a clini-
cally acceptable level after accelerated aging.

MATERIALS AND METHODS

Four indirect light-cured restorative compos-
ites of A2 dentin shade were tested (Table 1). A to-
tal of 24 specimens were fabricated, 6 specimens
for each material, by filling a metal ring of 1.23 mm
in height and 8.67 mm in diameter with the unset
composite material, pressing it between two mi-
croscopic glass slides and covering it with trans-
parent polystyrene matrix strips. The specimen
dimensions allowed the use of a special specimen
holder in the weathering device. For groups A, B,
C and D, the indirect composites Gradia, Signum+,
HFO and Adoro, respectively, were used. The ma-

terials were photo- and/or thermo-polymerised,
according to the manufacturer’s instructions. Af-
ter removing the inhibition layer from one surface
of each of the disc specimens, further polishing
was performed with SiC paper up to 800 grit.

The specimens were aged immediately af-
terwards in a weathering device (Suntest CPS+,
Atlas, Chicago, IL, USA] according to I1SO 7491.%
Each aging cycle consisted of 20 min (a dry period
of 17 min followed by a 3-min rinse with deionised
water at 37°C). The total exposure time was 72 h
under the following conditions: UV irradiation at
800-300 nm wavelength, 765 W/m? irradiance and
66MJ/m? daily radiant exposure.

A Dr. Lange Microcolor Data Station colorime-
ter (Braive Instruments, Liege, Belgium) was used
to measure specimen colour before and after ac-
celerated aging.

A custom-made specimen holder, fabricated
from additional type silicone (Panasil, Kettenbach,
Eschenburg, Germany), was used to standardise
specimen orientation against the colorimeter
head to achieve consistency in repeated measure-
ments. This procedure also ensured a standard
background and elimination of the influence of
external light at specimen edges. After colorim-
eter calibration, measurements were performed
according to the CIE L*a*b* system, and the mean
L* a* and b* values for each material were cal-
culated. The equation AE = [[AL*)? + (Aa*)? + (Ab*)
]2 was used to determine the total colour change
(AE), where AL*, Aa* and Ab* are differences in
the respective values before and after aging. Ac-
cording to the most commonly accepted values
of visual perceptibility’” and clinical acceptance,™
colour changes for composites were considered to
be visually perceptible when AE > 1 and clinically
acceptable when AE < 3.3.

One-way ANOVA were used to determine sta-
tistically significant differences in AL*, Aa*, Ab*
and AE among the materials tested. The type of
the material was the independent variable. A level
of statistically significant difference of a=.05 was
employed in all cases.

Statistical analyses were performed using Sig-
maStat software (Jandel, St. Rafael, CA, US).

RESULTS

The results of the colour measurements are
presented in Table 2. No statistically significant

differences were found in AL*, Aa*, Ab* and AE
among the materials tested. After accelerated
aging, specimens of group A (Gradia) showed a
low increase in lightness (AL*=0.36] and a pre-
dominantly green shift accompanied by a low yel-
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low shift (Aa*=-1.18, Ab*=0.6), while specimens
of group B (Signum+) exhibited a low increase in
lightness (AL*=0.5) and a predominantly green
shift accompanied by a low blue shift (Aa*=-0.9,
Ab*=-0.45). Specimens of group C (HFO) exhibited
a low increase in lightness (AL*=0.75) and a pre-
dominantly green shift (Aa*=-1.3, Ab*=0.06), while
specimens of group D (Adoro] predominantly ex-
hibited an increase in lightness (AL*=2.07) and a
green shift (Aa*=-1.3) accompanied by a low yel-
low shift (Ab*=0.68).

DISCUSSION

The CIE L*a*b* system is a widely used system
that defines colour using three parameters, L*, a*
and b*.”8 L* corresponds to the value of an object,
ranging from white (+) to black (-). Both a* and
b* are on the chromatic scale; a* measures red
(+) at one end and green (-] on the other, while b*
measures yellow (+) and blue (-], respectively. AE
represents the overall colour change that could be
reported by an observer.

It is widely acknowledged #5720 that clinically
acceptable AE values are less than 3.3. According
to the results of the present study, the testing hy-
pothesis was verified: all tested materials exhib-
ited AE within clinically acceptable limits, with a

Table 1. Materials tested.
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deviation in measurements of Adoro (2.68+0.98).
This result is in agreement with findings of other
studies investigating similar materials. In a study
by Stober et al,’? in which the colour stability of
veneering composites was assessed, AE ranged
between 1 and 3.3 for the majority of materials
tested (Colombus, Artglass, Targis, Vita Zeta LC,
BelleGlass) after 96 h of accelerated aging. Only
Sinfony and Zeta HC exhibited AE of less than
1. After 168 h, all materials showed AE of more
than 3.3, with the exception of Vita Zeta HC, which
showed visible but acceptable discoloration (1< AE
< 3.3). The main increase was in the colorimetric
value b*, meaning that the specimens became
yellowish. In a study involving 5 veneering com-
posites (Conquest Sculpture, Thermoresin LC,
Vita Zeta, Compo Plus, BelleGlass HP), Kolbeck
et al'® found AE of 0.8 for Vita Zeta LC and 2.9 for
BelleGlass HP after 72 h of UV irradiation. Most
materials showed a yellow-green shift and be-
came darker. The values of the yellow shifts were
higher than those of the green shifts. Tanoue et
al? investigated the colour stability of Cesead and
Newmetacolor Infinis and reported minimal co-
lour changes (AE of 1.2 and 0.5, respectively) after
immersion in water for 4 weeks.

Composites Monomers Fillers
Gradia UDMA Microfine ceramic/ prepolymer filler,
(GC Europe, N. V. Leuven, Belgium) 75% wt
Bis-GMA,
Signum+ . .
Bis-PMA, ZrQ,, Si0,, 78.5% wt
(Heraeus Kulzer, GmbH, Hanau, Germany])
UDMA
Bis-GMA,
HFO .
UDMA Ba0,, Si0,, 75% wt
(GDF mbH, Roshbach, Germany)
TEGDMA
Adoro L
UDMA Inorganic fillers, 65% wt

(lvoclar-Vivadent,Schaan-Liechtenstein)

Table 2. Mean values and standard deviation of AL*, Aa*, Ab* and AE.

Groups AL* Aa* Ab* AE

A (Gradia) 0.36+0.19 -1.18+1.1 0.6+0.66 1.73+0.71
B (Signum+) 0.50+ 0.3 -0.91+0.75 -0.45+0.56 1.35+0.57
C (HFO) 0.75+ 0.83 -1.33+0.61 0.06+0.81 1.75+0.9
D (Adoro) 2.07+1.06 -1.31+0.78 0.68+0.33 2.68+0.98

No statistically significant differences (PAL*=.063; PAa*=.521; PAb*=.984 and PAE=.408) were found among the

materials tested.
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In a clinical study regarding the colour stabil-
ity of veneering resins, Rosentritt et al? reported
that the materials tested (Visio-Gem, Dentacolor
and Vita Zeta) became darker and more yellow
after 18 months of clinical performance (AE of
1-2.5). They attributed this change to UV stabi-
lisers, whose action was obstructed by the ac-
celerated aging procedure. Setz and Engel® also
reported a statistically significant yellow shift of
facings made with Lucipast and Dentacolor after
2 years in the mouth. Matsumura et al? tested the
clinical performance of 110 restorations veneered
with Cesead material and reported a «colour
matching ability» (colour stability) of 82% after an
observation period of 4 years and 5 months, 75.5%
after b years and 3 months and 67.3% after 6 years
and 3 months.

In this study, three materials (Adoro, HFO,
Gradia) showed a yellow shift (positive Ab*). This
phenomenon has been observed in previous stud-
ies and was attributed to the presence of residual
camphorquinone, which is added to the composite
materials as a photo-initiator.?>?¢ However, under
the experimental conditions of the present study,
intensive light during accelerated aging might
have caused a further reaction of residual cam-
phorquinone. Ferracane et al?” suggested that oxi-
dation of unreacted double carbon bonds found in
the polymerised resin, accelerated by UV light or
heat in the presence of oxygen, leads to the for-
mation of yellow-coloured peroxides. In addition,
the by-products of tertiary aromatic amines (ac-
celerators) may cause yellow-to-red-brown dis-
coloration under the influence of light or heat.”?
According to Schulze et al,? differences in the
concentration and structure of photo-initiators
and amines may explain the wide spectrum of Aa*
and Ab* values observed.

Matrix composition and filler type and size are
thought to affect colour stability.” During accel-
erated aging, specimens were rinsed with 37°C
water for 3 min in every cycle, according to a spe-
cific program of the weathering device. Water can
penetrate the matrix or matrix-filler interface.*®
As matrix content has been associated with water
discoloration of composites, one would expect that
a higher matrix-filler ratio would lead to increased
discoloration. The nature of the matrix might in-
fluence water uptake, as TEGDMA absorbs more
water than UDMA,? which in turn absorbs less

than Bis-GMA.* In the present study, the findings
for Adoro (low filler content 65% wt, AE of 2.48
+0.98] are in accordance with these reports. It has
been reported®’ that small ratio differences could
not account for variations in water sorption, which
is the case for the other three materials tested.
From the composition presentation of the tested
materials in Table 1 and the results of AE in Table
2, it may be concluded that the material present-
ing the lowest AE (Signum+, AE=1.35 +0.57) had
the highest filler content (78.5% wt), and its matrix
is composed of Bis-GMA, Bis-PMA and UDMA.

When comparing Adoro with Gradia (similar
matrix composition, different filler ratio), the above
observations are verified: AE of Gradia is lower.
When Signum+ was compared to materials with
similar filler content, the lowest AE of Signum+
can be attributed to resin matrix composition dif-
ferences. More specifically, Signum+ colour sta-
bility could be attributed to the presence of lower
UDMA percentage combined with low-absorbing
Bis-GMA and non-absorbing Bis-DMA®* compared
to Gradia (UDMA only). The lower colour stability
of HFO may be due to the presence of TEGDMA
(higher water sorption).

In addition to matrix content and composition,
filler size and distribution may also influence wa-
ter discoloration,”"” presumably through hydro-
lytic degradation of the filler-matrix interface and
modification of the way light is scattered by the
particles. According to Dietschi et al,’ low water
sorption, high filler-resin ratio, reduced particle
size, hardness and an optimal filler-matrix cou-
pling system are related to improved resistance to
discoloration.

According to Schulze,” accelerated aging is
an extrinsic post-curing factor. High temperature
during accelerated aging could have increased the
degree of conversion, leading to a change in the
refractive index of the matrix. This in turn would
make the material less translucent, a result of
increased scattering.®% According to Kolbeck et
al,'® the matrix composition combined with the
quality of the polymerisation reaction is mainly
responsible for the colour stability of veneering
composites. According to Matsumura,? colour
stability is affected by the percentage of remaining
C=C bonds (%RDB]). It has also been shown that
composites containing more than 35% of uncon-
verted C=C bonds tend to be highly susceptible to
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discoloration.*” In a recent study, however,® no
correlation was found between unconverted C=C
bonds and discoloration.

Colour difference (AE) evaluation using a col-
orimeter is a repeatable, sensitive and objective
method. There are, however, some limitations
concerning the use of colorimeters with different
optical configurations as well as the “edge loss”
phenomenon. Therefore, colour measurement
may not be completely accurate.4°

In the present study, a custom-made speci-
men holder was used to eliminate the “edge loss”
phenomenon. In future studies, it would be useful
to consider factors such as light scattering, gloss,
shade and transparency when assessing overall
discoloration of these materials.""

CONCLUSIONS

According to the results of the present study:

e No statistically significant differences were
found in AL*, Aa*, Ab* and AE values among the
materials tested.

e The predominant colour change after accel-
erated aging was a green-yellow shift for Gradia
(Aa*=-1.18, Ab*=-0.6), a green-blue shift (Aa*=-
0.9, Ab*=-0.45) for Signum+, an increase in light-
ness (AL*=0.75) and green shift (Aa*=-1.3) for HFO
and anincrease in lightness (AL*=2.06) and green-
yellow shift (Aa*=-1.3, Ab*=0.6) for Adoro.

e Colour changes after accelerated aging were
within clinically acceptable ranges (AE<3.3) for all
the materials tested.
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