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Abstract 
Background and Aim: Hybrid ceramics are gaining popularity for 
cosmetic dental restorations due to their advantageous mechanical 
properties and optimal esthetic results. However, the potential effects 
of bleaching on their color stability are still a subject of interest. This 
study aimed to assess the effect of bleaching on stained hybrid 
ceramics in comparison with IPS e.max.   
Materials and Methods: This in vitro study was conducted on 48 
specimens fabricated from IPS e.max CAD, Vita Enamic, and Cerasmart 
(n=16) ceramics. The baseline color coordinates of the specimens were 
measured by a spectrophotometer. Eight specimens from each ceramic 
type underwent accelerated aging, and their color coordinates were 
measured again to calculate the color change (ΔE1). The remaining 8 
specimens in each ceramic group were immersed in tea solution, and 
their ΔE was calculated (ΔE2). Subsequently, all specimens were 
exposed to 20% carbamide peroxide for 8 hours/day for 10 days, and 
ΔE3 and ΔE4 were calculated. Data were analyzed by two-way ANOVA 
and Tukey’s test (alpha=0.05).   
Results: Type of ceramic, type of intervention (aging, immersion in tea 
solution, bleaching), and their interaction significantly affected the ΔE 
(P=0.0001). The maximum and minimum ΔE values were recorded for 
Cerasmart and IPS e.max ceramic, respectively. 
Conclusion: Both accelerated aging and immersion in tea solution 
caused staining of hybrid ceramics. The minimum ΔE after bleaching 
occurred in aged ceramics. Bleaching of stained ceramics improved 
their color.  
Keywords: Ceramics; Color; IPS e.max CAD LT; Spectrophotometry; 
Tooth Bleaching Agents 
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Introduction 
Success of a restorative material is directly 

linked to its long-term clinical service, which is 
determined by its composition and the oral  

 
environmental conditions. The oral environment 
can profoundly affect the esthetic and mechanical 
properties of dental restorations [1]. 
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In the recent years, computer-aided 
design/computer-aided manufacturing (CAD/ 
CAM) esthetic restorative materials were 
developed [2]. Ceramic blocks have optimal 
mechanical properties such as high strength, 
stiffness, and excellent esthetics and 
biocompatibility. However, they are fragile and 
have low fracture toughness. Their milling is 
difficult and can also cause wear of the opposing 
natural teeth [3]. Composite resin blocks have 
low fragility and easier milling. Also, they do not 
cause significant wear of the opposing teeth [4]. 
However, they are prone to staining following 
long-term consumption of highly pigmented 
beverages like tea or coffee [5].  

In an attempt to benefit from the advantages 
of both composite resins and ceramics, hybrid 
ceramics were introduced to the market. Vita 
Enamic is a hybrid ceramic with a dual structure. 
It is composed of a dominant porous network of 
sintered feldspathic ceramic, reinforced with a 
methacrylate polymer network. It has high 
flexural strength due to its fine ceramic structure 
and polymer network and has an elasticity close 
to that of dentin [6]. Also, it can provide a high 
bond strength following bonding to adhesives, 
requiring minimum tooth preparation. Moreover, 
it provides optimal marginal and internal fit [7]. 
Concerning color match, Vita Enamic has color 
properties resembling those of natural teeth [6].  

Cerasmart by GC is a nano-hybrid ceramic that 
offers the ideal properties of both ceramic and 
composite resins. It has high elasticity and 
fracture resistance, optimal marginal adaptation, 
and high strength after bonding [8].  

Discoloration is a drawback of hybrid 
ceramics, which occurs as a result of water 
sorption by their resin component. 
Dimethacrylate entraps a cross-linked network of 
unreacted monomers serving as a plasticizer. 
This network provides a structure for additional 
water sorption [9].  

E.max CAD is a common glass ceramic used for 
CAD/CAM systems. It is composed of lithium 
disilicate and has a significantly higher flexural 
strength than other adhesive glass ceramics. The 
IPS e.max CAD blocks are produced in semi-
crystalline form by the manufacturer for easier 
shaping and milling. The resultant glass ceramic 
restorations would have 1.5 µm particle size with 
70% crystalline volume in a glass matrix. This 
ceramic has a reportedly high color stability [10].  

Artificial aging involves a combination of high 
temperature, relative humidity, and UV 
irradiation [11]. In this process, UV irradiation at 
340 nm wavelength (UVA spectrum) with 0.85 
W/m2 intensity is used to simulate daylight. 
Materials used for esthetic restorations are 
exposed to sunlight. Thus, artificial aging can help 
predict their durability and color stability by 
simulating the oral environment [12]. 

Tooth bleaching is a highly popular dental 
procedure due to its optimal efficacy and non-
invasiveness, which can be performed in dental 
office or at home. The effects of bleaching agents 
on discolored teeth or stained composite 
restorations have been widely investigated [13, 
14]. However, the effects of bleaching agents on 
novel restorative materials such as hybrid 
ceramics have not been well studied. Thus, this 
study aimed to assess the effect of bleaching on 
stained hybrid ceramics in comparison with IPS 
e.max, which is a routinely used ceramic for 
cosmetic prosthetic restorations. The null 
hypotheses were that aging and immersion in tea 
solution would not cause staining of hybrid 
ceramics, and the color change (ΔE) of the three 
ceramic types would not be significantly different 
after aging, immersion in tea solution, or 
bleaching. 
 
Materials and Methods 

This in vitro, experimental study was 
conducted on 48 ceramic specimens fabricated 
from IPS e.max CAD, Vita Enamic, and Cerasmart 
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ceramics (n=16 from each ceramic type). Table 1 
presents the composition and manufacturing 
information of the three ceramics evaluated in 
this study. The sample size was calculated to be 
48 considering alpha=0.05, beta=0.2, and study 
power of 0.8.  
Interventions: 

Sixteen CAD/CAM blocks of each ceramic were 
sectioned by a low-speed diamond saw (Buehler, 
IL, USA) under running water to obtain ceramic 
specimens measuring 12 × 6 × 2 mm. The IPS 
e.max specimens were sintered in a furnace 
according to the manufacturer’s instructions. The 
hybrid ceramics and IPS e.max specimens were 
then polished with a 600-grit diamond bur (D&Z, 
Wiesbaden, Germany) and were then polished 
with polishing mullets (EVE Diapol Polishing, 
Pforzheim, Germany) in three steps using the 
blue, pink, and gray colors of the polishers in an 
orderly manner [10]. Each mullet was used for 30 
seconds, and the specimens were rinsed under 
running water after each step. Eight prepared 
specimens from each group were then mounted 
on a glass slab using cyanoacrylate glue 
(Faserverbundwerkstoffe GmbH, Waldenbuch, 
Germany) and were coded 1 to 8. Their CIE L*a*b* 
color coordinates were then measured by a 
spectrophotometer (Ci64; X-Rite, Grandville, MI, 
USA) against a gray background, and E1 was 
calculated. Next, the specimens underwent 
accelerated aging using a xenon lamp (Xenotest; 
Beta LM, Atlas, Germany), heat, and moisture. For 
this purpose, the specimens were first subjected 
to 340 nm xenon lamp irradiation with 0.85 
W/m2 power density without water spray for 
150 minutes under 60% humidity at 60°C and 
were then subjected to xenon lamp irradiation 
again with the same power density under 0% 
humidity at 25°C with water spray for 30 
minutes. Finally, they were subjected to xenon 
lamp irradiation under 90% humidity at 45°C for 
1440 minutes without water spray [11]. E2 of 
each specimen was then measured by the same 

spectrophotometer and ∆E1 was calculated. The 
remaining 8 specimens in each ceramic group 
were immersed in tea solution as explained by 
Sulieman et al [15]. For this purpose, a teabag 
(Lipton, UK) was immersed in 100 mL of 100°C 
boiling water for 5 minutes, and it was then 
allowed to cool down to room temperature 
(27°C). The specimens (n=8 from each group) 
were then immersed in the tea solution for 24 
hours. They were then rinsed and placed in a 
freshly prepared tea solution. This was repeated 
three times. Eventually, the specimens were 
removed from the tea solution, rinsed with water 
for 30 seconds, stored at room temperature for 
24 hours, and subjected to spectrophotometry 
again to calculate ∆E2. 

Both subgroups of specimens (aged, and 
immersed in tea solution) were then subjected to 
bleaching such that 20% carbamide peroxide gel 
(Opalescence, Ultradent, South Jordan, UT, USA) 
was applied on the surface of the specimens for 8 
hours daily and was then rinsed. This process was 
repeated for 10 days, and ∆E3 was then 
calculated for the aged group and ∆E4 was 
calculated for the specimens immersed in the tea 
solution. Eventually, ∆E5 was calculated to 
determine the color difference of aged and 
bleached specimens compared with the     
baseline color of the specimens (E1), and ∆E6  
was calculated to determine the color differences 
of tea-stained and bleached specimens   
compared with the baseline color of the 
specimens (E1) [15].  
Assessment of color stability: 

The CIE L*a*b* color coordinates of the 
specimens were measured by a spectro-
photometer immediately after aging and 
immersion in tea solution and also after 
bleaching. All measurements were made under 
standard D65 lighting conditions with 12-degree 
angle against a gray background (Checker 
Passport; X-Rite, Grandville, MI, USA). The 4-mm 
diaphragm of the device was adjusted at the 
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center of each specimen, and the L*, a* and b* 
color coordinates were measured. ∆E was 
calculated using the equation:  

222 baLE ∆+∆+∆=∆  

 
Table 1. Composition and manufacturing information of the 
three ceramics evaluated in this study 
 

Ceramic Composition Manufacturer 

Enamic 
86wt% 

ceramic filler 

14 %

UDMA+TEGDMA 

Vita Zahnfabrik, 

Germany 

Cerasmart 

Silica and 

barium glass 

nanoparticles 

Bis-MEPP, 

UDMA, DMA 

GC 

(GC Corp., 

Tokyo, Japan) 

E-max CAD Lithium-disilicate-based 

Ivoclar Vivadent 

AG, Schaan, 

Liechtenstein 

Opalescence 

20% 
Carbamide peroxide 

Ultradent 

(South Jordan, 

UT, USA) 

 
Statistical analysis: 

Normal distribution of data was evaluated 
using the Kolmogorov-Smirnov test. The equality 
of variances was assessed by the Levene’s test. 
Repeated measures two-way ANOVA was applied 
to assess the effect of type of ceramic and type of 
intervention (aging, staining, bleaching) on ∆E 
and ∆L. Since the interaction effect of type of 
ceramic and type of intervention was significant, 
within-group comparisons were performed by 
one-way ANOVA followed by pairwise 
comparisons by the Bonferroni test. Inter-group 
comparisons were performed by one-way 
ANOVA followed by the Tukey’s HSD test for 
pairwise comparisons. All statistical analyses 
were carried out by SPSS version 22 (SPSS Inc., IL, 
USA) at 0.05 level of significance. 
 
Results 

The Kolmogorov-Smirnov test confirmed 
normal distribution of ∆E data in all three groups; 
thus, parametric tests were applied for data 
analysis. Considering the presence of one within-
group (aging, staining, bleaching) and one 
between-group (type of ceramic) factor, repeated 
measures two-way ANOVA was applied. Two-

way ANOVA showed that type of ceramic 
(P<0.001) and type of intervention (P<0.001) 
significantly affected the ∆E. Their interaction 
effect was also significant (P<0.001). Thus, 
subgroup analysis was performed. Table 2 shows 
the ∆E of different ceramics after different 
interventions.  

One-way ANOVA showed significant 
differences in ∆E among the three ceramic types 
after different interventions (P<0.05). Thus, 
pairwise comparisons were performed by the 
Tukey’s HSD test (Table 3). Regarding ∆E1 and 
∆E2, IPS e.max showed minimum values 
compared with Enamic (P=0.009) and Cerasmart 
(P<0.001). Also, Enamic experienced significantly 
lower discoloration than Cerasmart (P<0.001). 
Concerning ∆E3, IPS e. max showed a significantly 
lower value than Enamic (P=0.027). The results 
regarding ∆E4 were similar to ∆E1. Regarding 
∆E5, Cerasmart showed a significantly higher 
value than the other two ceramics (P<0.001). 
Concerning ∆E6, both Cerasmart and e.max 
showed significantly greater values than IPS 
e.max (P<0.05). 
Subgroup analysis: 

One-way ANOVA was applied to analyze the 
∆E of each ceramic after different interventions. 
The results showed significant differences in all 
three ceramics after different interventions 
(P<0.001 for all three). Pairwise comparisons of 
different interventions within each ceramic 
group were performed by the Bonferroni test 
which revealed that: 

 In e.max ceramic, ∆E3 was significantly lower 
than ∆E1 (P=0.0027), and ∆E4 was significantly 
lower than ∆E2 (P=0.007). Other differences 
were not significant (P>0.05). 

In Enamic, ∆E3 was significantly lower than 
∆E1 (P=0.016) and ∆E2 (P=0.010). Also, ∆E5 was 
significantly lower than ∆E2 (P=0.025). Other 
differences were not significant (P>0.05). 

In Cerasmart, ∆E3 was significantly lower than 
∆E1 (P<0.001), ∆E4 (P<0.001), ∆E5 (P<0.001), 
and ∆E6 (P=0.013). Also, ∆E4 and ∆E6 were 
significantly lower than ∆E1 (P=0.004 and 
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P=0.006, respectively) and ∆E2 (P=0.001 and 
P=0.004, respectively). ∆E5 was also significantly 
higher than ∆E4 (P=0.008) and ∆E6 (P=0.008). 
 
Results of ∆L: 

Table 4 shows the ∆L of different ceramics 
after different interventions. Two-way ANOVA 
showed that the effects of type of ceramic and 
different interventions, and their interaction 
effect were all significant on ∆L (P<0.001). 
Subgroup analysis revealed significant 
differences in ∆L of each ceramic after different 

interventions (P=0.05). Pairwise comparisons by 
the Tukey’s HSD test showed that ∆L1 of e.max 
was significantly lower than that of Enamic 
(P=0.021), and ∆L1 of Enamic was significantly 
lower than that of Cerasmart (P=0.0009). ∆L2 of 
e.max was significantly lower than that of Enamic 
(P=0.028). ∆L3 values of e.max (P=0.006) and 
Cerasmart (P=0.037) were significantly lower 
than that of Enamic, and ∆L4 of Cerasmart was 
significantly higher than that of e.max (P=0.001) 
and Enamic (P=0.024). The results for ∆L5 and 
∆L6 were similar to those for ∆L4 (Table 5). 

 
Table 2. ∆E of different ceramics in different conditions 
 

 Mean Std. error 95% CI Minimum Maximum P-value Upper bound Lower bound 
E-max 1.24 .46 1.05 .5666 .10242 .8088 

<0.001 Enamic           ΔE1 3.64 1.33 2.67 1.4959 .24966 2.0863 
Cerasmart 7.69 4.66 6.52 4.8717 .35028 5.7000 
E-max 2.44 .69 1.62 .6871 .19787 1.1550 

<0.001 Enamic            ΔE2 5.51 2.22 4.31 2.5870 .36550 3.4513 
Cerasmart 5.72 3.84 5.40 4.4960 .19307 4.9525 
E-max .64 .09 .53 .2381 .06318 .3875 

0.028 Enamic            ΔE3  1.23 .53 1.1268 .6582 .09910 .8925 
Cerasmart 1.89 .13 1.1949 .3176 .18549 .7563 
E-max 2.07 .54 1.3770 .5605 .17265 .9688 

0.001 Enamic            ΔE4 3.77 1.22 2.6252 1.2823 .28396 1.9538 
Cerasmart 3.64 2.61 3.3686 2.7739 .12576 3.0713 
E-max 1.15 .32 1.0082 .4493 .11819 .7288 

 Enamic            ΔE5 2.79 .77 2.2210 .8965 .28006 1.5588 
Cerasmart 7.72 4.25 6.9068 4.8207 .44112 5.8638 
E-max 2.04 .76 1.5950 .8400 .15963 1.2175 0.008 

 Enamic            ΔE6 4.09 .77 3.3767 1.6133 .37288 2.4950 
Cerasmart 3.71 1.67 3.0287 1.7163 .27749 2.3725 

 
Table 3. Pairwise comparisons of the ∆E of ceramics after different interventions by the Tukey’s test 
 

Dependent Variable (I) group (J) group Difference (I-J) Std. error P-value 

DE1 E-max Enamic -1.27750 .36103 .005 
Cerasmart -4.89125 .36103 .000 

Enamic Cerasmart -3.61375 .36103 .000 

DE2 
 

E-max 
Enamic -2.29625 .37418 .000 

Cerasmart -3.79750 .37418 .000 
Enamic Cerasmart -1.50125 .37418 .002 

DE3 E-max Enamic -.50500 .17929 .027 
Cerasmart -.36875 .17929 .124 

Enamic Cerasmart .13625 .17929 .731 

DE4 E-max Enamic -.98500 .29013 .007 
Cerasmart -2.10250 .29013 .000 

Enamic Cerasmart -1.11750 .29013 .003 

DE5 E-max Enamic -.83000 .43741 .164 
Cerasmart -5.13500 .43741 .000 

Enamic Cerasmart -4.30500 .43741 .000 

DE6 E-max Enamic -1.27750 .40127 .012 
Cerasmart -1.15500 .40127 .023 

Enamic Cerasmart .12250 .40127 .950 
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Table 4. ∆L of different ceramics after different interventions 
 

 Mean Std. error 95% CI Minimum Maximum P-value Upper bound Lower bound 
Cerasmart 2.3113 .28077 1.6473 2.9752 1.49 1.49 

<0.001 E-max .6988 .09313 .4785 .9190 .39 1.10 
Enamic           ΔL1 1.7825 .27064 1.1425 2.4225 .59 3.24 
Cerasmart 5.6400 .35233 4.8069 6.4731 4.64 7.68 

0.035 E-max .9800 .15200 .6206 1.3394 .66 1.97 
Enamic            ΔL2 2.3338 .45876 1.2490 3.4185 .73 5.10 
Cerasmart 1.7363 .34231 .9268 2.5457 .30 3.10 

0.006 E-max .3650 .05979 .2236 .5064 .09 .56 
Enamic            ΔL3 .8050 .11855 .5247 1.0853 .25 1.21 
Cerasmart .4663 .08117 .2743 .6582 .04 .69 

<0.001 E-max .7100 .14777 .3606 1.0594 .21 1.54 
Enamic            ΔL4 1.2263 .24863 .6383 1.8142 .30 2.55 
Cerasmart 2.2700 .33995 1.4661 3.0739 .35 3.33 

<0.001 E-max .6313 .10773 .3765 .8860 .24 .98 
Enamic            ΔL5 1.3225 .27521 .6717 1.9733 .34 2.63 
Cerasmart 5.6975 .39807 4.7562 6.6388 4.17 7.34 

0.034 E-max 1.1050 .15563 .7370 1.4730 .65 1.89 
Enamic            ΔL6 2.1575 .46923 1.0479 3.2671 .08 4.08 

 
Table 5. Pairwise comparisons of ΔL of the groups after different interventions by the Tukey’s HSD test 
 

Condition (I) group (J) group Mean difference (I-J) Std. error P-value 

DL1 E-max Enamic -1.08375 .37063 .021 
Cerasmart -4.94125 .37063 .000 

Enamic Cerasmart -3.85750 .37063 .000 

DL2 E-max Enamic -1.35375 .48356 .028 
Cerasmart -.75625 .48356 .283 

Enamic Cerasmart .59750 .48356 .446 

DL3 E-max Enamic -.44000 .12706 .006 
Cerasmart -.10125 .12706 .709 

Enamic Cerasmart .33875 .12706 .037 

DL4 E-max Enamic -.51625 .36444 .351 
Cerasmart -1.56000 .36444 .001 

Enamic Cerasmart -1.04375 .36444 .024 

DL5 E-max Enamic -.69125 .40481 .226 
Cerasmart -5.06625 .40481 .000 

Enamic Cerasmart -4.37500 .40481 .000 

DL6 E-max Enamic -1.05250 .46421 .083 
Cerasmart -1.20625 .46421 .043 

Enamic Cerasmart -.15375 .46421 .941 
 

Discussion  
This study assessed the effect of bleaching on 

stained hybrid ceramics in comparison with IPS 
e.max, which is a routinely used ceramic for 
cosmetic prosthetic restorations. The results 
showed that IPS e.max experienced minimum 
discoloration while Cerasmart hybrid ceramic 
had maximum discoloration. The CIEL*a*b* color 
space was used in this study for the calculation of 
∆E. Evidence shows that ∆E=1 is detectable by 
50% of the observers under controlled conditions 

[16]. The clinically acceptable threshold for ∆E 
varies from 2.72 to 3.3 and even 3.7 [17]. In the 
present study, ∆E<1 was considered 
undetectable by the human eye; values between 
1 and 3.3 were considered clinically acceptable, 
and values>3.3 were considered clinically 
unacceptable. The present results showed 
maximum ∆E following immersion in tea and 
minimum ∆E following bleaching of aged 
ceramics. Accelerated aging was performed for 
aging of specimens in the present study. This 
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process does not affect external stains and 
focuses on internal discoloration of materials. 
Accelerated aging is widely used for assessment 
of color stability of dental materials such as 
composite resins, and resin cements [18]. It easily 
simulates the effects of long-term clinical service 
in the oral environment, and its validity has been 
previously confirmed [12, 19, 20]. Discoloration 
of dental restorative materials as the result of UV 
irradiation depends on chemical changes in the 
initiator system and the activator in the resin 
matrix. Destruction of residual amine and 
residual unreacted carbon-carbon double bonds 
result in formation of yellow compounds [21, 22]. 
It is not well understood that 1 year of clinical 
service equals how many hours of accelerated 
aging. However, the aging chamber manufacturer 
claims that 300 hours of aging corresponds to 1 
year of clinical service [23]. A previous study 
demonstrated that 168 hours of UV irradiation 
caused detectable, but clinically acceptable, color 
change (∆E=2.07) in all composite resins [24]. In 
the present study, the maximum ∆E after aging 
was noted in Cerasmart (∆E=5.7), which was 
clinically unacceptable, followed by Vita Enamic 
(∆E=2.08). It is possible that chemical 
composition of materials and their resin content 
play a role in discoloration due to aging. Resin 
matrix, due to its polymer base, undergoes 
degradation and surface roughness following 
aging and clinical service, which adversely affects 
the color stability and stainability [14, 25]. Also, 
Cerasmart hybrid ceramic has higher 
translucency than Enamic despite having similar 
color shade, which may also explain higher 
discoloration of Cerasmart after aging.  

Discoloration of dental ceramics in the oral 
environment directly depends on their 
appropriate polishing, non-critical cracks, and no 
reactivity of materials. Surface roughness 
adversely affects the biomechanical and esthetic 
properties of these restorations, and makes them 
susceptible to further aging [26-28]. In this study, 

the minimum ∆E (0.80) was recorded in IPS 
e.max CAD, which was not clinically perceivable. 
Slight discoloration of ceramics due to aging may 
be due to the breakdown of metal oxides, tints 
added to ceramics, or coloring agents used to 
achieve a desirable color match [29]. Breakdown 
of metal oxides as the result of UV              
irradiation leads to formation of peroxide 
compounds which may cause discoloration of 
ceramic materials [30].  

Discoloration also occurs due to water 
sorption by the resin component. Thus, type of 
resin matrix plays an important role in color 
stability of restorative materials [31]. Higher 
resin matrix content of Cerasmart can explain its 
higher staining compared with Vita Enamic. 
According to the manufacturer, the resin 
component of Cerasmart is composed of DMA, 
UDMA, and bis-MMEP. Bis-MMEP is a polymer 
with a molecular weight almost twice that of 
TEGDMA. Materials containing high molecular 
weight polymers have higher water sorption due 
to lower cross-linking of molecular chains [32], 
which can be the case for Cerasmart hybrid 
ceramic. Vita Enamic contains 66wt% UDMA and 
33wt% TEGDMA. Water sorption by TEGDMA is 
higher than that by bis-GMA [33-35]. Considering 
the high weight percentage of TEGDMA in Vita 
Enamic, it may allow the penetration of 
hydrophilic coloring agents into the resin matrix. 
However, UDMA is much more hydrophobic than 
bis-GMA, and therefore has higher color stability 
as well. It has been stated that dimethacrylate 
creates a cross-linked network of trapped 
unreacted monomers that serve as plasticizer and 
create a permeable structure for water sorption 
[36-38]. This may explain the greater 
discoloration of Vita Enamic and Cerasmart 
following immersion in tea solution. Immersion 
in tea solution causes adsorption of polar stains, 
resulting in superficial discoloration with no 
internal absorption [39]. 
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The presence of higher amounts of organic 
matrix in the composition of composite resins 
compared with ceramics makes the composites 
more susceptible to chemical changes. Bleaching 
may cause discoloration of composite 
restorations, depending on the type of material. 
Some authors have reported that bleaching 
cannot clinically affect the color of tooth-colored 
restorations [13]; while, some others have 
reported discoloration of composite resins by 
bleaching [40, 41]. In the present study, the ΔE 
caused by bleaching of aged specimens was lower 
than other ΔE values. The minimum value was 
recorded for IPS e.max CAD (ΔE=0.38) and the 
maximum value was recorded for Vita Enamic 
(ΔE=0.89). Aging changes the internal structure 
of materials; thus, it causes internal staining. The 
ΔE of tea-stained and bleached materials was 
higher than the ΔE of aged and bleached 
materials. In other words, the bleaching agent 
had a greater effect on tea-stained ceramic 
specimens, probably due to the external nature of 
staining. The effect of bleaching on IPS e.max 
ceramic was lower than that on other hybrid 
ceramics, which may be attributed to its very low 
permeability to hydrogen peroxide. Polished 
ceramics are more susceptible to staining with 
external stains such as tea solution due to their 
rougher surface. The ΔE of IPS e.max CAD after 
bleaching can be due to the effect of bleaching on 
external stains. The ΔE of Cerasmart was higher 
than that of Vita Enamic after bleaching due to its 
higher polymer content and greater effect of 
bleaching agents on the resin component. 

The ΔE5 value indicated the color difference of 
aged and bleached specimens with the control 
specimens, and was maximum in Cerasmart 
(almost equal to the value obtained after aging 
alone). This finding highlights the insignificant 
effect of the bleaching agent on aged Cerasmart 
ceramic; however, the ΔE5 of Vita Enamic and IPS 
e.max CAD was lower than the detectable 
threshold by the human eye (indicating their 

acceptable esthetics). The ΔE6 values of 
Cerasmart and Vita Enamic were almost equal, 
indicating that the color difference between tea-
stained and bleached hybrid ceramics and the 
control specimens, although detectable by the 
human eye, was clinically acceptable. According 
to the present results, the null hypothesis of the 
study regarding no discoloration of hybrid 
ceramics due to aging or immersion in tea 
solution was rejected. The second part of the null 
hypothesis regarding no significant difference in 
ΔE of the three ceramic types was also rejected.  

The ΔL indicates the change in lightness. In the 
present study, a direct correlation was noted 
between ΔE and ΔL after different interventions 
except for ΔL2 of Cerasmart which did not show 
such a correlation. The ΔE of ceramics following 
immersion in tea solution does not depend on the 
L* parameter; instead, it depends on Δb (which 
indicates yellowness-blueness) due to the effect 
of yellow tea stains on hybrid ceramics.  

Kara et al. [9] evaluated the effect of bleaching 
on color stability of porcelains and Ceromer and 
showed that carbamide peroxide caused 
discoloration of both Ceromer and IPS Empress 2; 
their results were in agreement with ours, 
although they did not stain or age the specimens 
before the bleaching treatment. The present 
results were also in agreement with those of 
Canay and Çehreli [42], Kurtulmus-Yilmaz et al, 
[19] and Kwon et al, [43] on the effects of 
bleaching on composite resins and Culic et al, [41] 
on the effects of bleaching on hybrid ceramics. 
Mansour et al. [44] assessed the effects of 
bleaching on the conventional and hybrid 
ceramics and reported results in line with the 
present findings. However, they did not stain the 
specimens before bleaching. Catelan et al. [23] 
showed that aging with UV irradiation caused 
discoloration of composite resins. Their results 
were in accordance with ours. However, since we 
used hybrid ceramics which are a combination of 
composite resin and ceramic, the magnitude of 
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discoloration was lower in the present study. 
Turgut et al. [20] assessed the effect of aging on 
IPS e.max ceramic laminates and showed their 
discoloration before and after cementation with 
resin cement. Their results were in line with ours 
although we assessed hybrid ceramics as well. 
Hamza et al. [11] assessed the effect of 
accelerated aging on color stability and surface 
roughness of ceramics. They compared three 
CAD/CAM ceramic blocks of translucent zirconia, 
Lava Ultimate, and zirconia veneered with VM9 
feldspathic porcelain. They reported that aging 
had no significant effect on the color stability of 
ceramics and only caused surface roughening of 
Lava Ultimate. Their results were different from 
ours, which may be due to glazing of ceramics 
prior to aging in their study.  

Further studies are required on the effects of 
bleaching on surface roughness of hybrid 
ceramics in the long-term. Also, the color stability 
of hybrid ceramics in other staining 
environments should be investigated. 

 
Conclusion 

The present results showed that both 
accelerated aging and immersion in tea solution 
caused staining of hybrid ceramics. The minimum 
ΔE following bleaching was noted in aged 
ceramics. Bleaching of stained ceramics 
improved their color. 
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