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ABSTRACT

Objective: The purpose of this in-Vitro study was to assess the effect of two different bleaching 
techniques and topical fluoride application on the color and surface roughness of two types of  
CAD/CAM dental ceramics. 

Materials and methods: In this study 40 discs of two types of CAD/CAM dental ceramics 
were used {Lithium disilicate glass ceramic (IPS e.max CAD) (Group E) and Zirconia-reinforced 
lithium silicate ceramic (Vita Suprinity) (Group S)}. Baseline measurements for color and surface 
roughness (Ra) were taken using spectrophotometer and Atomic Force Microscope respectively. The 
specimens of each ceramic material were randomly divided into two subgroups (n=10) according to 
the bleaching agent used: a photo-activated Zoom bleaching agent (Z) and a chemically-activated 
Opalescence Boost 40% agent (O). Two measurements of color and surface roughness were done: 
immediately after bleaching application (Immediate I) and after one week from the last bleaching 
session (Delayed D). Then each specimen from each ceramic material was exposed to Acidulated 
Phosphate Fluoride (APF) application and final measurements of color and surface roughness 
values were done. The obtained data were collected, tabulated and statistically analyzed. 

Results: The results showed that, bleaching had a statistically significant effect on mean 
color change ∆E of the tested ceramic materials in all tested conditions (I, D &F). No significant 
difference on mean ∆E of the two ceramic materials. The Opalescence Boost 40% showed higher 
statistically significant difference in color parameters than the Zoom agent. Vita Suprinity showed 
higher statistical significant difference in color parameters than E.max CAD. Moreover, ceramic 
type and bleaching agents had a statistically significant effect on mean Ra. In immediate bleaching, 
the Vita Suprinity bleached with Zoom gel (SZ) showed the highest mean Ra value while in delayed 
bleaching and after fluoride treatments, E.max CAD bleached with Opalescence agent (EO) showed 
the highest mean Ra value. After fluoride treatment, the mean Ra of the tested ceramic materials 
demonstrated higher values than bleaching only. In addition, there was a positive correlation 
between color parameters and surface roughness. 
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INTRODUCTION 

Dental ceramics are used extensively as a restor-
ative material because of their esthetic properties, 
durability, and biocompatibility.1 A smart dentist 
should know how to satisfy his patients by solving 
their esthetic problems and fulfilling their esthetic 
demands using safe and relatively inexpensive ma-
terials and methods. Lithium disilicate glass ceram-
ic (IPS e.max CAD) was introduced in 2007 using 
the CAD/CAM technology. Because of its low re-
fractive index, it was considered very translucent 
thus offering outstanding esthetic properties, high 
strength (about 350 MPa) and can be adhesively 
bonded.2 In 2013, zirconia-reinforced lithium sili-
cate (ZLSs) was introduced, this  material compris-
es a lithium silicate glass ceramic that is strength-
ened with approximately 10% zirconia crystals by 
weight.3 The ZLSs offers excellent translucency, 
fluorescence, strength (flexural strength of 420 
MPa) and provides excellent esthetic properties. 3,4

Tooth bleaching is a valuable solution for esthetic 
problems, in-office and home vital bleaching 
are widely used because of their effectiveness 
in removing tooth discoloration and also their 
conservative approach.5 Recently, a broad range of 
bleaching agents containing different concentrations 
of carbamide peroxide (CP) and/or hydrogen 
peroxide (HP) are available.6 In-office bleaching 
technique has emerged because highly concentrated 
products can promote faster whitening.7 HP acts as a 

strong oxidizing agent through the formation of free 
radicals and reactive oxygen molecules which can 
cause morphologic alterations in the mineralized 
structures.2 

The color assessment is influenced by its 
physical properties, the incident light on the 
object, the surrounding objects and the subjective 
assessment of the observer.   Spectrophotometers 
are widely used for color measurements due to 
their precise measurements, repeatability, and 
reproducibility.8,9 Surface roughness of a restoration 
is one of the important factors that determine the 
long-term success of a restoration.10 Roughening of 
the restoration lead to more plaque accumulation 
and stain retention which is responsible for gingival 
inflammation, secondary caries and poor esthetic.1 
During bleaching procedure, bleaching agent could 
accidentally touch the dental restorations causing 
surface roughness. There are several reports on 
the effect of bleaching agents on properties related 
to different ceramic surface textures11,14-16, one of 
them12 found that, there was a significant increase in 
surface roughness of feldspathic porcelain surface, 

while others 16,17 found no significant alterations. So, 
there is inadequate information about the effect of 
bleaching agents on color and surface roughness of 
ZLSs ceramic.

Some authors13-16 have advocated the use of 
topical fluoride solution to counteract the side effects 
of bleaching agent on the tooth enamel. Although 

Conclusions: The influence of in-office bleaching agents on color was material dependent. 
The changes in color and surface roughness were time dependent. Fluoride application following 
the bleaching of the ceramic materials showed higher color and surface roughness changes than 
bleaching application only in all tested groups. 

Recommendation: The clinician should protect the ceramic restoration before bleaching sessions 
and/or fluoride application to avoid esthetic deteriorations. The effect of different concentrations 
and application times could be further being assessed to give better recommendations for the best 
protocols of bleaching and fluoride agents application that ensures optimum color stability and 
surface topography characteristics. 

 KEYWORDS: CAD/CAM dental ceramic, IPS E.max CAD, Vita Suprinity, bleaching agents, 
ceramics, Zoom, Opalescence, color, surface roughness, esthetics, APF.
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fluoride treatment proved to be beneficial to natural 
tooth structure, it may have adverse effects on the 
color and surface texture of dental ceramics.16

Therefore, this in-Vitro study was conducted 
to evaluate the effect of two different bleaching 
techniques and topical fluoride application on the 
color as well as the surface roughness of lithium 
disilicate and zirconia-reinforced lithium silicate 
ceramics. The null hypothesis was that, in-office 
bleaching agents and topical fluoride have no effect 
on the color and surface roughness of the glass 
ceramic materials.

MATERIALS AND METHODS

A total number of 40 discs were constructed with 
standardized dimensions (10mm diameter & 1.5mm 
thickness). The discs were divided into 2 equal 
groups (n=20) according to the type of the ceramic 
material used; either Lithium disilicate glass 
ceramic; Group E (IPS E.max CAD), or Zirconia 
re-inforced lithium silicate ceramic; Group S (Vita 
Suprinity). Each group was further subdivided 
into two equal subgroups (n=10) according to 
the bleaching agent used; either photo-activated 
bleaching agent Zoom (Z), or chemically-activated 
bleaching agent Opalescence Boost 40% (O).

In order to standardize the shape and dimensions 
of all discs, 3D Autodesk software was used to 
design the disc virtually. The blocks of the 2 
ceramic materials were selected from the milling 
file in CAD software and mounted in the milling 
machine to start the milling procedures. The milling 
procedure, firing cycle, separation of the discs, 
finishing, polishing and cleaning of the discs were 
done according to the manufacturer’s instructions 
for each ceramic material. Each disc was stored in 
labelled test tube containing artificial saliva that was 
changed daily till the end of measurements. Baseline 
measurements of color using Spectrophotometer and 
surface roughness using Atomic Force Microscope 
(AFM) were done to obtain color parameters and 

both qualitative and quantitative surface roughness 
values. Then, the discs were restored inside their 
numbered test tubes containing the fresh artificial 
saliva.

Ten specimens from each ceramic group were 
randomly selected and treated with Zoom agent 
(EZ&SZ) for 45 minutes (three sessions), 15 
minutes for each session. The other 10 specimens of 
each group were bleached with Opalescence 40% 
(EO&SO) for 40 minutes (two sessions), 20 minutes 
for each session. Immediate measurements of color 
and surface roughness (I) were done to detect the 
changes occurred immediately after bleaching (EZI, 
EOI, SZI, SOI) and to obtain the 3D images of 
surface roughness changes.

     After one week from last bleaching session, 
the specimens were dried and placed inside the 
chamber of the spectrophotometer first to calculate 
the delayed color changes then placed inside 
AFM to calculate the delayed surface roughness 
values. Delayed measurements (D) were done for 
all specimen’s groups (EZD, EOD, SZD, SOD) 
and also the 3D images were obtained. Acidulated 
Phosphate Fluoride (APF) was applied for 1 
minute as recommended by the manufacturer on 
glazed, bleached surface of each specimen. Then, 
the measurements of color and surface roughness 
were done after fluoride application (EZF, EOF, 
SZF, SOF) to assess the effect of fluoride following 
bleaching on tested ceramic materials and the 3D 
images were obtained.

All data were collected tabulated and statistically 
analyzed using SPSSTM software (Version 23, IBM, 
USA). 

RESULTS

a) 	 Color change: Regarding the color change ∆E, 
there was a statistically significant difference 
between the ceramic groups (EZ, EO, SZ, SO) 
in all tested conditions (I, D and F). Regarding 
each bleaching agent, there was no significant 
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difference between the color changes ∆E values 
of both ceramic materials (E & S) in all tested 
conditions (I, D and F). The SO group showed 
the highest ∆E in all conditions I, D and F 
3.51±0.33, 4.51±0.33&5.06±0.33 respectively 
while the EZ one showed the least ∆E values 
2.42±0.58, 3.21±0.58, 3.66±0.58 respectively. 

b)	 Surface roughness: The results of surface 
roughness (Ra) of the two ceramic materials (E 
& S) were shown in Table (1).

The 3D images of tested ceramic materials E & 
S followed by bleaching agents Z & O and topical 
fluoride treatments are represented in Figures 
(1&2).

Correlation between color parameters and (Ra)

The correlations between color parameters and 
surface roughness (Ra) for both types of ceramic and 
bleaching agents are positive (parallel) correlation. 
The Pearson correlation coefficient between the ∆E 
& Ra was 0.489 & 0.124 for E and S respectively. 

TABLE (1): Mean (Ra), standard deviation (SD)values and results of comparison between the four ceramic-
bleaching mean (Ra) regardless with other variables:

Bleaching procedures
Groups ANOVA

P-valueEZ EO SZ SO

Baseline
Mean 10.09 9.89 16.13 12.61

0.07
±SD 2.88 1.46 2.75 2.63

Immediate bleaching
Mean 4.44c 9.08ab 9.73a 5.69bc

0.002*
±SD 1.45 1.08 3.44 1.34

One Week
Mean 7.57b 40.76a 13.86b 15.73b

<0.001*
±SD .51 12.10 1.65 2.96

Fluoride
Mean 44.75b 73.94a 37.89b 21.30b

0.001*
±SD 4.18 29.12 11.13 3.56

Different superscripts in the same row are statistically different.

Fig. (1): 3D images of E.max CAD with different treatment.
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DISCUSSION

a) Discussion of the methodology: 

The continuous evolution in dentistry has allowed 
the remarkable success of all ceramic restorations, 
which in turn has encouraged manufacturer to 
develop new challenging materials supplied for 
CAD/CAM machines.4

Bleaching agents had reported adverse effects 
on different resin composite and hybrid ceramic 
materials5,17–22, however there was a controversy 
about the effect of bleaching agent regarding the 
ceramic materials.6,23,24 

At the end of the bleaching treatment, the 
presence of saliva and the use of fluorides are 
important to allow mineral saturation and increase 
the remineralization of tooth structure. Saliva could 
dilute the bleaching gel and reduce its concentration 
and the associated side effects on both tooth structure 
and restorative materials. To improve the uptake of 
fluoride and limit the amount of demineralization of 
the tooth, manufacturers have produced acidulated 
fluoride products. APF inhibits dental caries by 
approximately 30% to 40%.

Color changes can be assessed either by visual 
and/or instrumental mechanisms.25 Instrumental 
techniques for example such as spectrophotometer 
eliminate the subjective interpretation of visual color 
comparison. CIE lab system was used in this study 

to detect minor color difference. ∆E represents the 
numerical values between the 3 coordinates L*a*b* 
and demonstrates the color change values.26,27 It was 
reported that,28 if change in color value was (∆E) 
<1, it was considered undetectable by human eye. 
But, if the change in color value was 1< (∆E) <3.3, 
it was clinically acceptable and only skilled person 
can notice the changes. However, if color change 
was ∆E > 3.3, it was observed easily and referred as 
not clinically acceptable. 29,30

     In addition, surface roughness is an important 
criterion of restorative materials. There are different 
techniques for surface analysis,31 AFM was used 
in this study for both quantitative and qualitative 
analysis of the ceramic surface because it provides 
one of the most accurate surface roughness 
measurement, flexible, and demonstrates more 
detailed images (nanometer scale) also, it produces 
2D and 3D images which can be constructed at the 
same time.

b) Discussion of the results: 

Regarding the effect of the bleaching agent used; 
Zoom (Z) and Opalescence (O) agents on color 
changes ∆E of both tested ceramic specimens, the 
∆E values were increased in whitening effect in Vita 
Suprinity compared with that of the E.max CAD. 
This may be attributed to the higher translucency 
of Vita Suprinity compared to that of  E.max as the 

Fig. (2): 3D images of Vita Suprinity with different treatment.
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color space values (L*, a*, b*) of Vita Suprinity 
ceramic before treatment were higher than those of  
E.max CAD.32

Regarding the E.max CAD and Vita Suprinity 
ceramic materials, the Opalescence agent showed 
higher statistically significant difference in mean ∆E 
than that of the Zoom bleaching agent in all tested 
specimens of the ceramic materials. This may be 
attributed to the higher concentration of the active 
ingredients HP in the Opalescence agent.33

Comparing the four subgroups (EZ,EO,SZ&SO) 
of treated ceramic materials, the highest color 
changes ∆E occurred in Vita Suprinity treated with 
Opalescence agent (SO) for all tested conditions (I,D 
& F). This may be attributed to the fact of the higher 
color parameters (L*,a*&b*) in Vita Suprinity 
before treatment than that of E.max CAD and the 
aggressive high concentration of Opalescence gel 
as it was applied on the specimens for 40 minutes. 
In addition, the extended effect of chemically-
activated Opalescence agent leads to more color 
changes observed in all tested conditions. So, the 
effect of bleaching in the current study could be 
considered material dependent

Results of this study agreed with other studies34,35 
although they used different ceramic materials and 
different concentrations of the bleaching agents. 
Results of this study disagreed with Zaki and Fahmy11 
who reported no significant change in whitening 
after in-office bleaching agent and fluoride gel 
application in auto-glazed ceramic specimens. This 
may be related to the use of autoglazed ceramic 
where the firing cycle leads to sealing the milled 
ceramic surface without use of the external glaze.

Regarding the effect of fluoride application on 
the color of tested ceramic materials, there was a 
highly statistically significant difference in mean 
color change (∆E) than bleaching application 
only. This could be explained by the presence 
of hydrofluoric acid in the APF gel which results 
in dissolution of the silica in the glass ceramic 
materials and forming a precipitate on the surface 

that affect color stability. These effects could have 
been enhanced using high concentrations of HP. The 
effect of fluoride application was higher in e.max 
CAD than that of the Vita Suprinity; this may be 
attributed to the composition of the Vita Suprinity 
as the presence of zirconia particles makes the 
surface more resistant to hydrofluoric acid effect 
than e.max that contains only the glass matrix and 
some oxides. These results agreed with Artopoulou 
et al36 and Pires-de-Souza et al37 although they used 
different types of ceramic materials. On the other 
hand, the results disagreed with Windeler et al,38 
who reported the use of APF brushing gel on glass 
ceramics do not alter the ceramic and can be used 
without any negative effect on esthetic of ceramic 
used. This may be attributed to the less time of 
contact between APF and ceramic surface, different 
time of measurements, different bleaching agent 
concentrations and different measuring devices.

 The hypothesis of this study was rejected as 
the in-office bleaching agents produced significant 
color changes on the restorative materials selected.

The results of this study revealed that both tested 
materials showed noticeable color changes after 
bleaching and the ∆E values were greater than 3.3 
that were considered clinically unacceptable based 
on previous reports 28,29 except in the immediate 
measurements (EZI&SZI). In those subgroups, 
the ∆E values were greater than 2 that considered 
clinically acceptable but might be observed. This 
may be attributed to the mild effect of Zoom agent 
as it contains only 25% HP. 

The degree of surface roughness seemed to be 
related to the composition and the microstructure 
of tested ceramic materials used.11 Comparing the 
results of the baseline with that of the immediate 
bleaching, baseline showed higher surface 
roughness Ra. This may be attributed to the initial 
effect of the bleaching agent on the peaks present 
on the superficial surface of both ceramic materials 
leading to decrease in the distance between 
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peaks and valleys resulting in decrease in surface 
roughness (Ra) of tested ceramic materials. 

Comparing the results of immediate bleaching 
(I) with delayed one (D), there was an increase in 
the Ra values in delayed bleaching D especially 
with Opalescence agent. This might be attributed 
to the high concentration of chemically-activated 
Opalescence which extends its effect even after 
removal of bleaching gels as some residual active 
elements may be entrapped into the valleys of the 
rough surface while in the Zoom bleaching agent, it 
is photo-activated so the effect of bleaching may be 
stopped after removal of the light source.

These results were in agreement with other 
studies6,18,35 although they used different ceramic 
materials with different bleaching concentrations. 
The results of this study were in disagreement 
with those of 12,39 ,40, this may be related to the use 
of different types of ceramic materials, different 
bleaching concentration, and different measuring 
devices.

After fluoride treatment, the surface roughness 
increased more than after bleaching only in both 
tested ceramic materials. E.max CAD treated with 
Opalescence agent (EO) showed the highest Ra 
value changes. This may be attributed to the effect 
of APF combined with weak glass ceramic E.max 
and high concentration of Opalescence agent that 
extended its effect on surface dissolution leading to 
an exaggerated effect.

Results of this study were in agreement with 
those of Ural et al6 , Mokhtar and McIntyre 18  and 
Karakaya and Cengiz 35 although there were no 
bleaching session before fluoride treatment. The 
hypothesis of this study was rejected, as use of 
bleaching systems and application of fluoride gel 
produced significant surface roughness changes 
on tested ceramic materials. It was reported that, 
if the mean surface roughness change was > 200 
nm, it was referred as not clinically acceptable and 
produced plaque accumulation with higher risk of 
caries and periodontal diseases. This value was used 

in this study to evaluate the clinical effect of amount 
of surface roughness changes. Accordingly, the 
results of this study showed that bleaching and/or 
fluoride application resulted in clinically acceptable 
surface roughness changes (Ra values) as they were 
less than 200 nm. 

The results collected in this study proved that, 
there was a statistically significant positive (parallel) 
correlation between color parameters and roughness 
values (Ra). The high reported color change (∆E) 
values following the applied treatments might also 
be attributed to the reported increase in the mean 
surface roughness (Ra) in all tested ceramics; this 
is because the color of an object depends on its 
surface spectral reflectance. These results agreed 
with Motro and Kursoglu,41 who reported that the 
staining of ceramic is directly related to surface 
roughness changes which occur after different 
surface treatments. 

CONCLUSIONS 

Under the limitation of this study, it is concluded 
that: 

1. The influence of in-office bleaching agents on 
color was material dependent. 

2. The immediate in-office bleaching agents 
produced acceptable clinical effect on the color 
of tested ceramic materials. 

3. The delayed in-office bleaching and fluoride 
application produced unacceptable clinical 
effect on color of ceramic materials. 

4. The changes in color and surface roughness were 
time dependent. 

5. The in-office bleaching and fluoride gel 
application resulted in clinically acceptable 
surface roughness changes. 

6. Fluoride application following bleaching of the 
ceramic materials showed higher color and 
surface roughness changes than bleaching 
application only in all tested groups. 
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RECOMMENDATIONS 

Under the parameters of this study; the following 
recommendations could be derived: 

1.	 The clinician should protect the ceramic resto-
ration before bleaching sessions and/or fluoride 
application to avoid esthetic deteriorations. 

2.	 It would be useful to support the results of this 
study with the studies that aimed to assess the 
effect of fluoride application immediately after 
bleaching sessions on ceramic materials and oth-
ers that assess the effect of different remineral-
izing agents after bleaching of ceramic materials. 

3.	 The effect of different concentrations and ap-
plication times could be further assessed to give 
better recommendations for the best protocols 
of bleaching and fluoride agents application that 
ensures optimum color stability and surface to-
pography characteristics. 
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