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Abstract
Background. Aesthetic expectations have increased the use of aesthetic materials in dentistry. 
Lithium disilicates are frequently used materials for these expectations. Bleaching is another 
method used to provide aesthetics. Bleaching processes on restorative materials are not fully 
known. This study investigated the effect of at-home and in-office bleaching methods on the 
color change, surface roughness, and topography of lithium disilicate glass-ceramic materials 
produced with two different techniques and subjected to different polishing procedures.
Methods. A total of 144 disc-shaped pressed and computer-aided design (CAD) lithium 
disilicate glass-ceramic specimens were randomly divided into four groups. Glazing and three 
different chair-side polishing procedures were performed. The specimens in each group were 
randomly divided into two groups and subjected to at-home and in-office bleaching processes 
(n = 9). The home bleaching process was repeated with 16% carbamide peroxide agent for six 
hours for seven days, while the in-office bleaching process was applied with 40% hydrogen 
peroxide agent for two sessions of 20 minutes. After the bleaching processes, the final color 
and surface roughness experiments of the specimens were carried out, and the results were 
recorded. ANOVA and Tukey multiple comparison tests were used FOR the statistical analysis 
of the data (α = 0.05). 
Results. The material*polish*bleaching, polish*bleaching, material*bleaching, and 
material*polishing interactions were not statistically significant regarding color and roughness 
changes of both specimens (P > 0.05). 
Conclusion. Both bleaching processes can be safely applied to lithium disilicate glass-ceramic 
materials. 
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Introduction
The increase in aesthetic expectations has affected 
dentistry and numerous other fields. The rehabilitation 
of functional, phonation, and aesthetic discrepancies 
with prosthetic restorations positively affects the patient’s 
quality of life. An ideal restorative material should be 
biocompatible with tooth and bone structures, be in 
natural harmony with teeth and gingiva, have light 
transmittance similar to enamel and dentin, and maintain 
the function of lost or damaged tissues. 1 Lithium disilicate 
glass ceramics (LDGCs), which can be produced by both 
pressing and computer-aided design‒computer-aided 
manufacturing (CAD-CAM) technology, are frequently 
preferred in the manufacture of aesthetic restorations 
today because of their superior aesthetic properties, 
controllable translucency, flexural strength, and fracture 
toughness.2

In clinical practice, occlusal adjustment is required 
before the cementation procedure. Although this 

adjustment is made for aesthetic purposes and to correct 
inadequate contours, during this process, the glazed 
surface of the ceramic restoration is removed by abrasion.3,4 
Although the glazed porcelain surface has been thought 
to be ideal,4 small modifications made on the porcelain 
surface, especially in cases with time problems, can be 
corrected with the chair-side polishing method instead 
of the “reglazing” process.4 When the operator cannot 
check occlusion before bonding due to the low thickness/
strength of the material, post-bonding, intraoral occlusal 
adjustment, and polishing become necessary. Intraoral 
polishing aims to reduce biofilm retention, discoloration, 
and discomfort and minimize residual defects that can 
lead to crack propagation and subsequent biomechanical 
failure.5 Rubber and silicone discs, felts, abrasive stones, 
and diamond pastes are some materials used for chair-side 
polishing. All these procedures aim to provide the long-
term success of restorations, clinical infection control, 
and better oral hygiene. In addition, these procedures 
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have the benefit of being effective and fast methods.6 
Bleaching is a widespread aesthetic treatment option 

for patients who want whiter, more natural-looking teeth. 
Although there are other methods to improve dental 
aesthetics, bleaching is the most preferred option by 
patients.7 Vital tooth bleaching is one treatment performed 
to remove internal and external discolorations.8 At-home 
and in-office bleaching methods are treatment options 
to prevent discoloration.9 The bleaching agents, such as 
hydrogen peroxide and carbamide peroxide, are used at 
different concentrations.10 When the bleaching process is 
applied, not only do the tooth surfaces but also the surface 
of the pre-existing restorative materials come into contact 
with the bleaching agents. Although bleaching is safe and 
effective for dental hard tissues, it may not be safe for 
restorative materials with corrosive properties and may 
have different effects on these materials.11,12 The incorrect 
application of the bleaching agent may cause problems 
on the surface of prosthetic restorations, especially when 
the bleaching agent is not applied by the patient under 
the supervision of a dentist, which may affect the clinical 
duration of the use of restorations.13 

The color stability of a restoration is as important as 
the mechanical properties throughout the long-term use 
of the material. Color changes may limit the longevity 
and quality of restorations over time.14 Changes in the 
material’s color can be calculated using various parameters 
and formulas. The color parameters of the materials 
(L*, a*, b*) have been described by the Commission 
Internationale de l’Eclairage (CIE) and can be calculated 
from a transmittance spectrum or reflection using a 
standard observer, illuminator, and suggested geometry.15 
The CIEDE2000 color difference formula is superior to 
the CIELab formula, having the feature of correcting 
the nonuniformity of the color space in the CIELab, 
especially for small color differences.15 Also, Ghinea et 
al16 showed that the CIEDE2000 color difference formula 
provides a better fit than the CIELab formula for assessing 
the acceptability, perceptibility, and color difference 
thresholds for dental ceramics.

The current study evaluated the effect of at-home and 
in-office bleaching methods on the color changes, surface 
roughness, and topography of LDGC materials produced 
with two different production techniques and subjected 
to different polishing procedures. The null hypothesis 
of the present study was that none of the bleaching and 
polishing procedures would change the color and surface 
characteristics of the LDGC materials. 

Methods
A power analysis was carried out using the G*Power 
software (v3.0.10) to obtain the highest power level with 
the smallest specimen size. The analysis showed that at 
least nine specimens were required for the highest power 
level (power = 80, α = 0.05), and 144 specimens were used.

Specimen preparation
In the present study, 144 LDGC specimens were used 
(12 × 4 × 2 mm). Seventy-two specimens were produced by 
pressing from ingots (IPS e.max Press; Ivoclar Vivadent 
AG, Schaan, Liechtenstein), and the remaining 72 were 
produced by milling from blocks (IPS e.max CAD; 
Ivoclar Vivadent AG, Schaan, Liechtenstein). Under the 
manufacturer’s instructions, the firing processes of the 
IPS e.max Press (IP) specimens were applied, as indicated 
in Table 1; the crystallization process of the IPS e.max 
CAD (IC) specimens was completed at 840°C, and the 
glaze processes were applied as indicated in Table 1. 
The specimens belonging to the IP and IC groups were 
randomly divided into four groups according to their 
polishing processes and polished with 600-, 800-, and 
1200-grit silicon carbide paper under water for 60 seconds 
to standardize the surface quality. The polishing kits 
specified in Table 2 were used unidirectionally for 60 s 
each, with a maximum tip rotating speed of 8000 rpm, 
according to the manufacturer’s instructions, with an 
average pressure of 2 N. All procedures were performed 
by the same operator to apply uniform pressure and 
application procedures during polishing.

Bleaching procedures
After the polishing processes, the specimens were 
numbered, and the color evaluations of each specimen 
before bleaching were measured on a gray background 
in the “single tooth” format of the spectrophotometer 
(VITA Easyshade V; VITA Zahnfabrik, Bad Sackingen, 
Germany). 17 The spectrophotometer probe was settled 
at the center of the specimens, and measurements were 
repeated three times. Finally, the average of these three 
measurements was recorded for each specimen. Then, the 
specimens were randomly assigned to two groups for the 
bleaching procedures, and the bleaching procedures were 
performed according to the manufacturer’s instructions 
as follows (n = 9):
• At-home bleaching: A home bleaching agent 

(Opalescence; Ultradent Products Inc., South Jordan, 
Utah, USA) containing 16% carbamide peroxide was 
applied to the polished surfaces of the specimens 
using an applicator, by the same clinician, at room 
temperature (according to the manufacturer’s 
instructions) and then stored at 37°C during the 
bleaching period for six hours. Then, the specimen 
surfaces were washed for one minute and stored in 
distilled water at 37°C. This process was repeated for 

Table 1. Description of firing treatments applied to ceramic materials

Firing program
Ingot 

pressing
Dentin 
firing

Glaze 
firing

Initial temperature (°C) 700 403 440

Temperature increase rate (°C/min) 60 60 60

Final temperature (°C) 920 750 740

Dwell time at final temperature (min) 25 6.5 6.5
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seven days.
• In-office bleaching: An in-office bleaching agent 

(Opalescence Boost; Ultradent Products Inc., South 
Jordan, Utah, USA) containing 40% hydrogen 
peroxide was applied to the polished surfaces of the 
specimens for a total of 40 minutes in two 20-minute 
sessions. Then, the specimen surfaces were washed 
for one minute and stored in distilled water at 37°C.

After polishing and bleaching procedures, 
environmental scanning electron microscope (ESEM) 
imaging of a randomly selected specimen from each group 
was carried out using an ion beam-SEM tomography 
electron microscope (Quanta 250 FEG; FEI, Hillsboro, 
OR, USA) device at × 1000 magnification.

Color and roughness evaluation
After bleaching, the color measurements of the specimens 
were made and recorded with a spectrophotometer 
(VITA Easyshade V, VITA Zahnfabrik) by applying the 
color measurement protocols before bleaching. The color 
differences of the specimens before and after bleaching 
were calculated using the following formula CIEDE2000 
(∆E00):

∆E00 = [(∆Lʹ/KLSL)
2 + (∆Cʹ/KCSC)2 + (∆Hʹ/KHSH)2 + RT(∆Cʹ/

KCSC)(∆Hʹ/KHSH)]1/2

where ∆L0, ∆C0, and ∆H0 are the differences in lightness, 
chroma, and hue between the two specimens that were 
compared. SL, SC, and SH are the weighting functions for 
the lightness, chroma, and hue components, respectively. 
KL, KC, and KH are the parametric factors to be adjusted 
according to different viewing parameters. In the current 
study, KL, KC, and KH were set to 1.18

The roughness measurements and 3D surface 
topographies of the specimens whose color measurements 
were completed were made with a 0.008 mm cutoff in a 
contact scanning profilometer (Tencor P-7 Stylus Profiler; 
KLA-Tencor, Milpitas, CA, USA) that was capable of up 
to 360° measurements. Measurements were repeated 
three times for each specimen, and the average of these 
three measurements was recorded. Figures 1 to 8 show 
the 3D topography and ESEM images of the specimens 
at × 1000 magnification.

Statistical analysis
Statistical analyses of the data were performed with a 

statistical software program (IBM SPSS Statistics, v20; 
IBM Corp, Armonk, NY, USA). Analyses included the 
Kolmogorov-Smirnov test for a normality test and an 
analysis of variance (ANOVA). The Tukey multiple 
comparison tests were used to compare the group means 
(α = 0.05).

Results 
Table 3 shows the results of the ANOVA, and Table 4 
shows the mean and standard deviation values.

The ANOVA showed no significant differences 
in the interaction of material*polishing*bleaching, 
polishing*bleaching, material*bleaching, and 
material*polishing on color and surface roughness 
(P > 0.05). According to the Tukey multiple comparison 
tests, there were no differences between the materials, 
polishing kits, and bleaching procedures (P > 0.05) in the 
color measurement. There were no significant differences 
between the materials and bleaching procedures 
(P > 0.05); however, there were significant differences 
between the polishing kits (P < 0.001) concerning surface 
roughness. The D + Z polishing kit resulted in lower Ra 
values (1.33 ± 0.80 μm) than the other polishing kits.

ESEM examination of the IP specimens showed 
that the specimens undergoing at-home and at-office 
bleaching in group G had similar images. Although the 
specimens undergoing at-office bleaching in group M 
exhibited a smooth surface, there were areas of dense 
mesh structure spread over the entire surface in the 
specimens undergoing at-home bleaching. Unlike group 
M, the specimens undergoing at-office bleaching in group 
O showed a smoother surface. Although the specimens 
undergoing at-home bleaching had slightly indented 
areas, the specimens undergoing at-home and at-office 
bleaching in group D showed very similar images, with 
recessed areas spread over the entire surface (Figures 1-4). 

ESEM examination of the IC specimens showed that 
in group G, the home-bleached specimen had slightly 
indented areas, while the specimen undergoing at-
office bleaching had very smooth surfaces. In group M, 
the specimens undergoing at-home bleaching showed 
smooth surfaces, while the office-bleached specimens 
had scattered crater areas. In group O, the specimens 
undergoing at-home and at-office bleaching procedures 
exhibited smooth surfaces quite similar to each other. 
Finally, in group D, the specimens undergoing at-

Table 2. Instructions and manufacturer information of polishing systems

Group Material Manufacturer Instruction

Glaze (G)
IPS e.max Press Ceram 
Glaze Paste

Ivoclar Vivadent AG, Schaan, 
Liechtenstein

-

Meisinger (M) Luster Intraoral Twist Kit Hager & Meisinger, Neuss, Germany Respectively; green-blue-red-yellow rubbers without water cooling

OptraFine (O) OptraFine Assortment;
Ivoclar Vivadent AG, Schaan, 
Liechtenstein

Respectively; light
blue-dark blue under water cooling after OptraFine
HP Polishing Paste (Ivoclar Vivadent AG) without water cooling

D + Z (D) D + Z Polishing Kit
Drendel + Zweilling Diamant GmbH, 
Kalletal, Germany

Respectively; blue-pink-gray with water cooling
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home bleaching contained many irregularly dispersed 
areas, while the specimen surfaces undergoing at-office 
bleaching had irregularly distributed large, crater-like 
areas (Figures 5-8).

Discussion
The current study investigated the effects of at-home and 

in-office bleaching agents on the surface roughness and 
color changes of IP and IC specimens treated with four 
different polishing procedures. According to the results, 
since the bleaching and polishing processes did not 
change the color and surface roughness of the specimens, 
the null hypothesis was accepted. 

Roughness and color are important factors affecting 

Figure 3. Environmental scanning electron microscope and 3D images 
of surface topography in group O specimens from the IP group. Original 
magnification × 1000 (H: At-home bleaching, O: In-office bleaching)

Figure 1. Environmental scanning electron microscope and 3D images 
of surface topography in group G specimens from the IP group. Original 
magnification × 1000 (H: At-home bleaching, O: In-office bleaching)

Figure 2. Environmental scanning electron microscope and 3D images 
of surface topography in group M specimens from the IP group. Original 
magnification × 1000 (H: At-home bleaching, O: In-office bleaching)

Figure 4. Environmental scanning electron microscope and 3D images 
of surface topography in group D specimens from the IP group. Original 
magnification × 1000 (H: At-home bleaching, O: In-office bleaching)

Figure 5. Environmental scanning electron microscope and 3D images 
of surface topography in group G specimens from the IC group. Original 
magnification × 1000 (H: At-home bleaching, O: In-office bleaching)

Figure 6. Environmental scanning electron microscope and 3D images 
of surface topography in group M specimens from the IC group. Original 
magnification × 1000 (H: At-home bleaching, O: In-office bleaching).
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the long-term success of restorative materials.19,20 During 
clinical applications, the polish of the restoration might 
be removed, resulting in changes in surface smoothness. 
In such cases, glazing or polishing is required for the 
aesthetics and long-term stability of the restoration.21 
However, a smooth surface structure is very important 
for the color of the restoration because it reflects a greater 
amount of light than a rough surface. 22 Various discs, 
polishing kits, and pastes are offered by manufacturers 
for mechanical polishing. 19 It has been reported that 
there is no difference in the effect of laboratory and chair-
side polishing methods on color stability.23 In one study, 
the effect of different polishing kits and rubbers on the 
surface roughness of different porcelain types was similar 
to the glazed specimens. 24 In contrast, in another study, 
polishing methods were more unsuccessful in reducing 
surface roughness compared with the glazing process.25 
Although there was no material*polishing*bleaching 
interaction in the current study, and there was no 
difference between the effects of polishing processes on 
color stability, there were differences in the effect on 
surface roughness. This difference was observed in group 
D, which exhibited the lowest surface roughness values. 
Perceptible and acceptable color changes, according to 
the CIEDE2000 system, are ΔE00 > 0.8 and ΔE00 ≤ 1.8.18,26 
In the current study, the mean color change was found to 
be 1.67 ± 1.18 for the IP specimens and 2.05 ± 1.47 for the 

Figure 7. Environmental scanning electron microscope and 3D images 
of surface topography in group O specimens from the IC group. Original 
magnification × 1000 (H: At-home bleaching, O: In-office bleaching)

Figure 8. Environmental scanning electron microscope and 3D images 
of surface topography in group D specimens from the IC group. Original 
magnification × 1000 (H: At-home bleaching, O: In-office bleaching)

Table 3. ANOVA for color and surface roughness

Color Surface roughness

df Mean square F P Mean square F P

Material 1 5.367 1.525 0.219 4.612 3.878 0.051

Polishing 3 1.967 0.559 0.643 17.355 14.595  < .001

Bleaching 1 0.121 0.034 0.853 2.622 2.205 0.140

Material*Polishing 3 6.344 1.803 0.150 2.728 2.294 0.081

Material*Bleaching 1 0.595 0.169 0.681 2.288 1.924 0.168

Polishing*Bleaching 3 1.771 .503 0.681 1.280 1.076 0.362

Material*Polishing*Bleaching 3 4.091 1.163 0.327 0.642 0.540 0.656

Error 128 3.519 1.189

Table 4. Least square means and standard deviation (SD) for color and 
surface roughness

Material Polishing Bleaching
Color (∆E)

Surface 
roughness (µm) N

Mean ± SD Mean ± SD

IPS e.max 
Press

Glaze
Home 1.12 ± 0.57 2.39 ± 0.95 9

Office 1.11 ± 0.47 3.01 ± 1.45 9

Meisinger
Home 1.76 ± 1.71 2.51 ± 1.02 9

Office 0.99 ± 0.34 2.96 ± 1.68 9

OptraFine
Home 1.65 ± 0.96 2.18 ± 0.82 9

Office 1.54 ± 0.94 1.60 ± 1.15 9

D + Z
Home 2.29 ± 1.67 1.61 ± 0.83 9

Office 2.88 ± 2.54 1.06 ± 0.75 9

IPS e.max 
CAD

Glaze
Home 1.64 ± 1.36 2.82 ± 1.15 9

Office 2.67 ± 1.04 2.51 ± 1.38 9

Meisinger
Home 1.79 ± 1.16 3.33 ± 1.11 9

Office 2.79 ± 1.47 2.77 ± 1.09 9

OptraFine
Home 2.48 ± 1.84 3.37 ± 1.25 9

Office 1.49 ± 0.95 2.71 ± 0.51 9

D + Z
Home 1.93 ± 1.28 1.61 ± 0.83 9

Office 1.64 ± 0.42 1.06 ± 0.75 9
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IC specimens. Although color changes were acceptable for 
IP specimens, IC specimens were beyond this limit. The 
effect of at-home (1.83 ± 1.55) and in-office (1.89 ± 1.75) 
bleaching on color change was beyond the acceptable 
limits. In surface polishing processes, the mean values 
of the G (1.63 ± 1.1) and O (1.79 ± 1.62) groups were 
below the acceptable limits, while the mean values of the 
M (1.83 ± 1.38) and D (2.19 ± 1.88) groups were beyond 
them.

Bleaching agents may cause deterioration within the 
material by changing the structural and mechanical 
properties of the restorative material.27 Some studies20,28-30 
have examined the effect of bleaching processes on the 
surface properties of ceramic and LDGC materials. In 
the literature, surface roughness values are between 0.55 
and 1.68 µm for IP31-33 and 0.2 and 4.75 µm for IC.34-38 
In the current study, mean surface roughness values 
were 2.16 ± 1.15 µm for IP specimens and 2.52 ± 1.25 
µm for IC specimens. Demir et al34 reported that home 
bleaching applied with 16% carbamide peroxide for seven 
days increased the surface roughness of IPS e. max CAD 
specimens. While the Ra value of the control group was 
(0.59 ± 0.21 µm), the Ra value of the bleaching group was 
(1.09 ± 0.24 µm). Tinastepe et al39 reported that bleaching 
with 15% Opalescence PF (Ultradent) and 6% Opalescence 
Go (Ultradent) did not affect the color changes and 
roughness of IC specimens. In the current study, there 
were no significant differences in roughness and color 
between the bleaching processes in all double and triple 
interactions and between themselves, consistent with the 
study by Tinastepe et al.39 

In at-home bleaching, the bleaching agent may even 
contact the restorative material as it is not under the direct 
supervision of the professional. However, during in-office 
bleaching, as the operator applies the bleaching agent by 
considering only the patient’s natural teeth, the operator 
can prevent contact between the bleaching agent and 
ceramics. Therefore, until the effects of bleaching agents 
on ceramics are fully understood, in-office bleaching may 
be safer for patients with restorations in their oral cavities.

One of the limitations of this study is that it was 
performed in vitro. Another limitation is that in addition 
to the surface roughness measurements of the specimens, 
bacterial adhesion was not included.

Conclusion
Based on the findings of this in vitro study, the following 
conclusions were drawn:
1. Bleaching and polishing processes did not adversely 

affect the roughness and color changes of LDGCs 
produced by press and CAD-CAM techniques.

2. Although there were no statistically significant 
differences between materials, polishing processes, 
and bleaching methods in terms of color changes, 
based on the tests performed, many Delta E values 
exceeded the 50:50% perceptibility threshold, which 
would certainly have clinical significance.

3. Although there was no significant difference between 
the materials and bleaching methods in terms of 
surface roughness, the D + Z polishing kit produced 
the lowest roughness values regardless of the material 
and the bleaching technique. 

Author Contributions
Conceptualization: Alper Ozdogan.
Methodology: Nihan Kaya.
Validation: Nihan Kaya.
Formal analysis: Nihan Kaya.
Investigation: Alper Ozdogan, Nihan Kaya.
Writing-original draft preparation: Alper Ozdogan, Nihan Kaya.
Writing-review and editing: Alper Ozdogan.
Supervision: Alper Ozdogan.
Project administration: Nihan Kaya.
Funding acquisition: Alper Ozdogan.

Funding
The study was supported by the Department of Scientific Research 
Projects (THD-2021-9220), 

Ethics Approval
The ethics committee of faculty of dentistry, Ataturk university, 
Erzurum, Turkey approved this study (11.02.2021-02/12).

Competing Interests
The authors declare no conflict(s) of interest related to the 
publication of this work.

References
1. Polydorou O, Mönting JS, Hellwig E, Auschill TM. Effect of 

in-office tooth bleaching on the microhardness of six dental 
esthetic restorative materials. Dent Mater. 2007;23(2):153-8. 
doi: 10.1016/j.dental.2006.01.004.

2. Bakeman EM, Rego N, Chaiyabutr Y, Kois JC. Influence 
of ceramic thickness and ceramic materials on fracture 
resistance of posterior partial coverage restorations. Oper 
Dent. 2015;40(2):211-7. doi: 10.2341/12-459-l.

3. Patterson CJ, McLundie AC, Stirrups DR, Taylor WG. Efficacy 
of a porcelain refinishing system in restoring surface finish 
after grinding with fine and extra-fine diamond burs. J Prosthet 
Dent. 1992;68(3):402-6. doi: 10.1016/0022-3913(92)90400-
5.

4. Wright MD, Masri R, Driscoll CF, Romberg E, Thompson GA, 
Runyan DA. Comparison of three systems for the polishing 
of an ultra-low fusing dental porcelain. J Prosthet Dent. 
2004;92(5):486-90. doi: 10.1016/j.prosdent.2004.07.021.

5. Jum’ah AA, Brunton PA, Li KC, Waddell JN. Simulated 
clinical adjustment and intra-oral polishing of two translucent, 
monolithic zirconia dental ceramics: an in vitro investigation 
of surface roughness. J Dent. 2020;101:103447. doi: 
10.1016/j.jdent.2020.103447.

6. Türkün LS, Türkün M. Effect of bleaching and repolishing 
procedures on coffee and tea stain removal from three 
anterior composite veneering materials. J Esthet Restor 
Dent. 2004;16(5):290-301. doi: 10.1111/j.1708-8240.2004.
tb00056.x.

7. Tin-Oo MM, Saddki N, Hassan N. Factors influencing patient 
satisfaction with dental appearance and treatments they desire 
to improve aesthetics. BMC Oral Health. 2011;11:6. doi: 
10.1186/1472-6831-11-6.

8. Haywood VB. History, safety, and effectiveness of current 
bleaching techniques and applications of the nightguard vital 
bleaching technique. Quintessence Int. 1992;23(7):471-88.

9. Alqahtani MQ. Tooth-bleaching procedures and their 
controversial effects: a literature review. Saudi Dent J. 

https://doi.org/10.1016/j.dental.2006.01.004
https://doi.org/10.2341/12-459-l
https://doi.org/10.1016/0022-3913(92)90400-5
https://doi.org/10.1016/0022-3913(92)90400-5
https://doi.org/10.1016/j.prosdent.2004.07.021
https://doi.org/10.1016/j.jdent.2020.103447
https://doi.org/10.1111/j.1708-8240.2004.tb00056.x
https://doi.org/10.1111/j.1708-8240.2004.tb00056.x
https://doi.org/10.1186/1472-6831-11-6


Ozdogan et al

          J Dent Res Dent Clin Dent Prospects, 2022, Volume 16, Issue 4 257

2014;26(2):33-46. doi: 10.1016/j.sdentj.2014.02.002.
10. Goldberg M, Grootveld M, Lynch E. Undesirable and adverse 

effects of tooth-whitening products: a review. Clin Oral 
Investig. 2010;14(1):1-10. doi: 10.1007/s00784-009-0302-4.

11. Cengiz E, Kurtulmus-Yilmaz S, Ulusoy N, Deniz ST, Yuksel-
Devrim E. The effect of home bleaching agents on the surface 
roughness of five different composite resins: a SEM evaluation. 
Scanning. 2016;38(3):277-83. doi: 10.1002/sca.21307.

12. Hafez R, Ahmed D, Yousry M, El-Badrawy W, El-Mowafy O. 
Effect of in-office bleaching on color and surface roughness 
of composite restoratives. Eur J Dent. 2010;4(2):118-27. doi: 
10.1055/s-0039-1697819.

13. Li Q, Yu H, Wang Y. Colour and surface analysis of 
carbamide peroxide bleaching effects on the dental restorative 
materials in situ. J Dent. 2009;37(5):348-56. doi: 10.1016/j.
jdent.2009.01.003.

14. de Oliveira AL, Botta AC, Campos J, Garcia PP. Effects of 
immersion media and repolishing on color stability and 
superficial morphology of nanofilled composite resin. 
Microsc Microanal. 2014;20(4):1234-9. doi: 10.1017/
s1431927614001299.

15. CIE. Colorimetry. 3rd ed. Vienna, Austria: Commission 
Internationale De L’eclairage; 2004.

16. Ghinea R, Pérez MM, Herrera LJ, Rivas MJ, Yebra A, Paravina 
RD. Color difference thresholds in dental ceramics. J Dent. 
2010;38 Suppl 2:e57-64. doi: 10.1016/j.jdent.2010.07.008.

17. Shokry TE, Shen C, Elhosary MM, Elkhodary AM. Effect of 
core and veneer thicknesses on the color parameters of two 
all-ceramic systems. J Prosthet Dent. 2006;95(2):124-9. doi: 
10.1016/j.prosdent.2005.12.001.

18. Luo MR, Cui G, Rigg B. The development of the CIE 2000 
colour-difference formula: CIEDE2000. Color Res Appl. 
2001;26(5):340-50. doi: 10.1002/col.1049.

19. Kanat-Ertürk B. Color stability of CAD/CAM ceramics prepared 
with different surface finishing procedures. J Prosthodont. 
2020;29(2):166-72. doi: 10.1111/jopr.13019.

20. Zaki AA, Fahmy NZ. The effect of a bleaching system on 
properties related to different ceramic surface textures. 
J Prosthodont. 2009;18(3):223-9. doi: 10.1111/j.1532-
849X.2008.00419.x.

21. Al-Wahadni A, Martin DM. Glazing and finishing 
dental porcelain: a literature review. J Can Dent Assoc. 
1998;64(8):580-3.

22. Lee YK, Lim BS, Kim CW. Effect of surface conditions on 
the color of dental resin composites. J Biomed Mater Res. 
2002;63(5):657-63. doi: 10.1002/jbm.10383.

23. Stamenković DD, Tango RN, Todorović A, Karasan D, Sailer I, 
Paravina RD. Staining and aging-dependent changes in color 
of CAD-CAM materials. J Prosthet Dent. 2021;126(5):672-8. 
doi: 10.1016/j.prosdent.2020.09.005.

24. Sarikaya I, Güler AU. Effects of different polishing techniques 
on the surface roughness of dental porcelains. J Appl Oral Sci. 
2010;18(1):10-6. doi: 10.1590/s1678-77572010000100004.

25. Brodine BA, Korioth TV, Morrow B, Shafter MA, Hollis WC, 
Cagna DR. Surface roughness of milled lithium disilicate with 
and without reinforcement after finishing and polishing: an in 
vitro study. J Prosthodont. 2021;30(3):245-51. doi: 10.1111/
jopr.13249.

26. Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C, 

Linninger M, et al. Color difference thresholds in dentistry. 
J Esthet Restor Dent. 2015;27 Suppl 1:S1-9. doi: 10.1111/
jerd.12149.

27. Wattanapayungkul P, Yap AU, Chooi KW, Lee MF, Selamat 
RS, Zhou RD. The effect of home bleaching agents on the 
surface roughness of tooth-colored restoratives with time. 
Oper Dent. 2004;29(4):398-403.

28. Moraes RR, Marimon JL, Schneider LF, Correr Sobrinho L, 
Camacho GB, Bueno M. Carbamide peroxide bleaching 
agents: effects on surface roughness of enamel, composite and 
porcelain. Clin Oral Investig. 2006;10(1):23-8. doi: 10.1007/
s00784-005-0016-1.

29. Turker SB, Biskin T. Effect of three bleaching agents on the 
surface properties of three different esthetic restorative 
materials. J Prosthet Dent. 2003;89(5):466-73. doi: 10.1016/
s0022-3913(03)00105-7.

30. Ourique SA, Arrais CA, Cassoni A, Ota-Tsuzuki C, Rodrigues 
JA. Effects of different concentrations of carbamide peroxide 
and bleaching periods on the roughness of dental ceramics. 
Braz Oral Res. 2011;25(5):453-8. doi: 10.1590/s1806-
83242011000500013.

31. Lawson NC, Janyavula S, Syklawer S, McLaren EA, Burgess JO. 
Wear of enamel opposing zirconia and lithium disilicate after 
adjustment, polishing and glazing. J Dent. 2014;42(12):1586-
91. doi: 10.1016/j.jdent.2014.09.008.

32. Maciel LC, Silva CFB, de Jesus RH, Concílio L, Kano SC, 
Xible AA. Influence of polishing systems on roughness and 
color change of two dental ceramics. J Adv Prosthodont. 
2019;11(4):215-22. doi: 10.4047/jap.2019.11.4.215.

33. Trindade FZ, Kleverlaan CJ, da Silva LH, Feilzer AJ, Cesar 
PF, Bottino MA, et al. Ceramic inlays: effect of mechanical 
cycling and ceramic type on restoration-dentin bond strength. 
Oper Dent. 2016;41(4):E102-17. doi: 10.2341/14-155-l.

34. Demir N, Karci M, Ozcan M. Effects of 16% carbamide 
peroxide bleaching on the surface properties of glazed glassy 
matrix ceramics. Biomed Res Int. 2020;2020:1864298. doi: 
10.1155/2020/1864298.

35. Kurt M, Bankoğlu Güngör M, Karakoca Nemli S, Turhan Bal B. 
Effects of glazing methods on the optical and surface properties 
of silicate ceramics. J Prosthodont Res. 2020;64(2):202-9. doi: 
10.1016/j.jpor.2019.07.005.

36. Miranda JS, Barcellos ASP, MartinelliLobo CM, Caneppele 
TMF, Amaral M, Kimpara ET. Effect of staining and repeated 
firing on the surface and optical properties of lithium disilicate. 
J Esthet Restor Dent. 2020;32(1):113-8. doi: 10.1111/
jerd.12558.

37. Mota EG, Smidt LN, Fracasso LM, Burnett LH Jr, Spohr AM. 
The effect of milling and postmilling procedures on the 
surface roughness of CAD/CAM materials. J Esthet Restor 
Dent. 2017;29(6):450-8. doi: 10.1111/jerd.12326.

38. Sehovic E, Ioannidis A, Hämmerle CH, Özcan M, Mühlemann 
S. Effect of tooth brush abrasion on the color, gloss and surface 
roughness of internally and externally stained monolithic 
ceramic materials. J Prosthodont Res. 2022;66(2):303-11. doi: 
10.2186/jpr.JPR_D_20_00276.

39. Tinastepe N, Malkondu O, Iscan I, Kazazoglu E. Effect of 
home and over the contour bleaching on stainability of CAD/
CAM esthetic restorative materials. J Esthet Restor Dent. 
2021;33(2):303-13. doi: 10.1111/jerd.12604.

https://doi.org/10.1016/j.sdentj.2014.02.002
https://doi.org/10.1007/s00784-009-0302-4
https://doi.org/10.1002/sca.21307
https://doi.org/10.1055/s-0039-1697819
https://doi.org/10.1016/j.jdent.2009.01.003
https://doi.org/10.1016/j.jdent.2009.01.003
https://doi.org/10.1017/s1431927614001299
https://doi.org/10.1017/s1431927614001299
https://doi.org/10.1016/j.jdent.2010.07.008
https://doi.org/10.1016/j.prosdent.2005.12.001
https://doi.org/10.1002/col.1049
https://doi.org/10.1111/jopr.13019
https://doi.org/10.1111/j.1532-849X.2008.00419.x
https://doi.org/10.1111/j.1532-849X.2008.00419.x
https://doi.org/10.1002/jbm.10383
https://doi.org/10.1016/j.prosdent.2020.09.005
https://doi.org/10.1590/s1678-77572010000100004
https://doi.org/10.1111/jopr.13249
https://doi.org/10.1111/jopr.13249
https://doi.org/10.1111/jerd.12149
https://doi.org/10.1111/jerd.12149
https://doi.org/10.1007/s00784-005-0016-1
https://doi.org/10.1007/s00784-005-0016-1
https://doi.org/10.1016/s0022-3913(03)00105-7
https://doi.org/10.1016/s0022-3913(03)00105-7
https://doi.org/10.1590/s1806-83242011000500013
https://doi.org/10.1590/s1806-83242011000500013
https://doi.org/10.1016/j.jdent.2014.09.008
https://doi.org/10.4047/jap.2019.11.4.215
https://doi.org/10.2341/14-155-l
https://doi.org/10.1155/2020/1864298
https://doi.org/10.1016/j.jpor.2019.07.005
https://doi.org/10.1111/jerd.12558
https://doi.org/10.1111/jerd.12558
https://doi.org/10.1111/jerd.12326
https://doi.org/10.2186/jpr.JPR_D_20_00276
https://doi.org/10.1111/jerd.12604

