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EFFECT OF ACCELERATED AGING ON COLOR STABILITY OF NANO HY-
BRID CERAMICS CEMENTED WITH THREE TYPES OF RESIN CEMENTS
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ABSTRACT

Objective: The objective of the current study was to evaluate the effect of artificial aging on the color stability of IPS e.max
and CERASMART cemented with 2 types of resin cements and a flowable composite. Materials and Methods: Thirty ceramic
disks were machined to a uniform thickness of 0.5 mm and divided into two groups, 15 disks each, according to the type of ce-
ramic material. Each group was then subdivided into three subgroups according to the type of cement used (n=5). Each material
was polished according to the manufacturer’s instructions using the same polishing technique and then resin cement was placed
with controlled thickness of 0.1 mm by means of a Teflon mold using two resin cements (RelyX Ultimate and RelyX Veneer)
and a composite resin (Filtek Z350 flowable composite). A laboratory spectrophotometer was used to measure the color differ-
ences (AE) of each specimen immediately after 24 hours of curing and after artificial aging in a weathering device for 300 hours.
Results: According to Two-Way ANOVA test, both ceramic materials and resin cements are significantly affected by artificial
aging. Disks cemented with RelyX Ultimate showed lowest AE values (4.75) followed by disks cemented with RelyX Veneer
(5.03) and the disks cemented with Filtek Z350 flowable composite represent the highest AE values (5.29). Moreover, disks
made from CERASMART material showed more color change than disks made from IPS e.max (5.33 and 4.72 respectively).
Conclusion: The color changes of resin cement materials in all groups were above the clinically acceptable value (AE >3.3). Rely
X Ultimate showed higher color stability than the other tested materials. Resin cements affect the final color of thin restorations.
IPS e.max CAD showed better color stability than CERASMART CAD.
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INTRODUCTION ceramics that has optimized translucency, durability,
) ) and strength. It had a significant improvement in

Ceramic restorations have the advantages of .. . . .
clinical performance in terms of optical behavior

and flexural strength @. Recently, CERASMART,

which is a nano hybrid ceramic material, has been

excellent optical properties and the ability to mimic
the tooth structure compared with metal-ceramic

) ) . ..
systems . However, there are many factors that introduced. It combines the characteristics of a

affect the esthetics of ceramic restorations including ceramic and a composite ®. It is possible that the

color of the tooth/substructure®, the ceramic  chemical composition of the material and its resin

material used and its thickness® ¥, also, thickness,  content may affect its color stability after accelerated
shade and polymerization method of the resin  ageing ©.

cement &9, ) ] )
Resin cements are the material of choice for

IPS e.max is one of the most commonly used the cementation of tooth-colored restorations (9,
ceramic materials which is a lithium disilicate glass  Light-cured resin cements are usually used for
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cementation of laminate veneers because of their
great color stability V. Dual-cured resin cements
have been developed to combine some of the
favorable characteristics of chemical and light
cured cements 1?. These materials have superior
mechanical properties '¥. Moreover, the chemical-
cure component is responsible of completing
polymerization process in deeper areas where light
is attenuated (». However, dual-cured resin cements
contain aromatic tertiary amine in their composition,
which might cause color changes in the cement over
time . Recently, dual-cured resin cements have
been introduced which are free from the aromatic
tertiary amine.

Some authors have suggested cementing lami-
nate veneers with flowable resin composites 4. As
they are less expensive than resin-based cements
and maximize the range of shades available .

The hypothesis if this study was that there will be
a difference in color change in both type of ceramics
and resin cement used.

MATERIALS AND METHODS

Thirty disk-shaped ceramic specimens were
machined out of two types of ceramic blocks, IPS
e.max CAD and CERASMART CAD, 15 specimens
each. Disks were machined to a uniform thickness
of 0.5 mm £ 0.05 mm from the high translucent
blocks of A3 shade using a diamond saw. IPS e.max
CAD disks were then crystallized according to the
firing parameters listed by the manufacturer as they
were tempered at 850 °C for 25 minutes under a
vacuum to reach the fully-crystallized form. For the
purpose of standardization one operator performed
the polishing of all specimens according to the
manufacturer’s instructions of each material and
the polishing time of each specimen was set for 30
seconds.

A Teflon mold was fabricated with an internal
stopper made at 0.6 mm depth in order to create 0.1
mm space after placement of the 0.5 mm ceramic
disk to allow for uniform resin cement thickness as

AJ.D.SS. Vol.23, No. 1

well as proper disk placement. Before the application
of the resin cement, surface treatment was done to
each specimen according to the manufacturer’s
mstructions of each ceramic material. Afterwards,
ceramic disks were placed inside the Teflon mold
and the resin cement was applied as a thin layer on
the treated surface of the ceramic disk and a glass
slab was pressed over the cement and ceramic disk
using a finger pressure applied on the upper surface
of the glass slab. A milar strip was used in between
the resin cement and the glass slab for easy removal
of the specimens after curing. The excess was
removed after curing the resin cement for 2 seconds,
then curing was completed for 30 seconds from the
polished surface of the ceramic disks.

A laboratory ultraviolet spectrophotometer (Cary
5000 UV—vis-NIR spectrophotometer) was used
for the measurement of color coordinates. After
each specimen was measured CIELab values where
calculated in each time according to the CIELab
color system. The specimens were then subjected
to accelerated aging test using QUV accelerated
weathering tester. Only the polished surface of the
disks was exposed to artificial accelerated aging and
specimens were stored in the device for 300 hours
where the specimens were subjected to 150 cycles
of aging each cycle was two hours long. Specimens
were measured again by the spectrophotometer
device after being artificially aged for 300 hours
and the color difference between different groups
was calculated according to the following equation:

AE=[(AL)*+ (Aa') + (A"

RESULTS

Two-way ANOVA was used to study the effect
of ceramic type, Cement type and their interaction
on color parameters. Bonferroni’s post-hoc test was
used for pair-wise comparisons when ANOVA test
was significant. The significance level was set at
P < 0.05. Statistical analysis was performed with
IBM SPSS Statistics Version 20 for Windows.
Descriptive statistics of AE values are presented in
Table (1).
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TABLE (1) Descriptive statistics of color change Statistical analysis of mean AE values of the

(AE) mean values

ceramic materials revealed that regardless of the
cement used, CERASMART showed a statistically

significantly higher mean AE value than e.max (P.

Ceramic | Cement | Mean | o 93% Cl <0.001*) (Table 2). Meanwhile, Statistical analysis
type type AE Lower | Upper of mean AE values as a function of resin cement
1 bound | bound used has shown that, regardless of the ceramic
Rely X . . ..
& Ulfhflate 506 | 008 | 495 | 5.16 material used, Filtek Z350 showed the statistically
§ Rel significantly highest mean AE value. A statistically
Z X s3] 016 | 512 | 553 g, -
S Veneer : : : : significantly lower mean AE was found with Rely X
® Filtek 7350 | 5.60 | 0.11 | 546 | 5.74 Veneer cement, whereas, Rely X Ultimate cement
showed the statistically significantly lowest mean
A RelyX | yaq | 004 | 439 | 449
5 Ultimate ’ ’ ) : AE (Table 3).
o]
E I\{/ZLyesi 474 | 0.05 | 4.67 4.3 Two-way ANOVA was done to test statistical sig-
e i nificance between variables, where ceramic type and
& Filtek Z350 | 4.97 | 0.07 | 4.88 | 5.07 . .
cement type are the independent variable (Table 4).

TABLE (2) The mean, standard deviation (SD) values and results of two-way ANOVA test for comparison

between AE of the two ceramic materials regardless of the cement type.

CERASMART IPS e.max CAD Effect size
P-value
Mean SD Mean SD (Partial eta squared)
5.33 0.26 4.72 0.23 <0.001* 0.925

*: Significant at P < 0.05

TABLE (3) The mean, standard deviation (SD) values and results of two-way ANOVA test for comparison

between AE as a function of cement type regardless of ceramic material type.

Rely X Ultimate Rely X Veneer Filtek Z350 Effect size
P-value )
Mean SD Mean SD Mean SD (Partial eta squared)
4.75¢ 0.33 5.038 0.33 5294 0.34 <0.001%* 0.866

*: Significant at P < 0.05, Different superscripts are statistically significantly different
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TABLE (4) The mean, standard deviation (SD) values and results of Two-way ANOVA test for comparison

between AE values between independent variables.

Coment tvoe CERASMART IPS e.max CAD P-value Effect size
yp Mean SD Mean SD (Between ceramic types) | (Partial eta squared)

Rely X Ultimate 5.06 € 0.08 4.44°¢ 0.04 <0.001%* 0.809

Rely X Veneer 5328 0.16 4748 0.05 <0.001* 0.793

Filtek Z350 5.64 0.11 4974 0.07 <0.001* 0.813

P-value " "

(Between cement types) <0.001 <0.001
Effect s;qz;: ;}Zcztial eta 0.767 0762

*: Significant at P < 0.05, Different superscripts in the same column are statistically significantly different.

Different letter denote statistical significant difference.

DISCUSSION

This in-vitro study evaluated the internal color
stability of a light-cured, a dual-cured resin cement,
and a flowable composite resin. The translucent
ceramic material is considered color stable, but
it may not be able to mask the discoloration of
the underlying resin cement 19, The Teflon mold
was made similar to that used by klinic et al 1V in
order to obtain a uniform thickness of 0.1 mm for
the resin cements in all the specimens, as different
thicknesses of cement might influence the final
color of the veneer restoration 7. Thickness of
the specimens was 0.5 mm (£ 0.05mm) in order to
reproduce clinical conditions, as the recommended
preparation for veneers is 0.5-0.7 mm !®. Moreover,
to allow high light transmission through the ceramic
disk to obtain a higher degree of conversion of
the underlying resin cements !®. The use of more
thickness of ceramic specimen decreased the AE
values when compared with the 0.5 mm thickness.
It was shown in a previous study that 0.5 mm thick
porcelain disk would not mask the difference in hue
amongst different luting materials ©%.

A spectrophotometer was preferred instead of
visual examination for precise, reproducible and
statistically utilizable results ?". The advantages of
spectrophotometric analysis with the CIE L*a*b*
system is the detection of color changes that are not
visible to the human eye and the ability to express
color differences in units that may be related to
visual perception and clinical significance 2.

Accelerated aging was carried out in the present
study using a weathering process. The use of this
method in-vitro studies is convenient and can
provide more realistic expectations of the long-term
outcome of restorations **. The manufacturer of the
artificial aging chamber claims that 300 hours in
the weathering chamber is equivalent to one year
of clinical service 9. However, there are no data to

support this claim.

The hypothesis of this study was accepted as
there is statistically significant deference between
the mean AE of IPS e.max CAD (AE=4.72) which
is lower than the mean AE of CERASMART (5.33).
There was also a significant difference between the
cements used as Filtek Z350 flowable composite
showed the highest mean AE (5.29), while Rely X
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Ultimate showed the lowest mean AE (4.75). The
color change that occurred for all types of cements
was beyond the clinically acceptable range (AE >
3.3). The reason for these results may be the small
thickness of the ceramic disks used and their high
translucency properties that prevent them from
masking the high color change that occurred in the
resin cement.

According to the effect of ceramic type, the
results of the present study are in agreement with
Gawriotek et al © who concluded that ceramic ma-
terials exhibit better color stability than composite
resins. The more change in color that occurred in
CERASMART may be due to the resin content of
this ceramic block and the presence of polymer. As
to the effect of cement type, the color change among
the three cements may be attributed to difference in
composition of the three resin cements and the af-
finity of their resin matrix to absorb water as the
resin matrix of Rely X veneer and Filtek Z350 flow-
able composite is composed of Bis-GMA which
is considered to be more prone to color change
due to of its high water absorption and solubility
characteristics %.

CONCLUSIONS

Within the limitations of the current study, it was
concluded that, the color changes of resin cement
materials in all groups were above the clinically ac-
ceptable value (AE >3.3). RelyX Ultimate showed
higher color stability than the other tested materials.
Resin cements affect the final color of thin restora-
tions. IPS e.max CAD showed better color stability
than CERASMART CAD.
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