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Dental bleaching gels do not alter the surface roughness
and microhardness of feldspathic porcelain

A rugosidade e a microdureza da superfície de porcelana 
feldspática não são alteradas pelo clareamento dental
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ABSTRACT

Objective: To evaluate whether two different bleaching gels affect the microhardness and surface roughness of feldspathic ceramic 
specimens, in vitro.  Methods:  A total of 48 feldspathic porcelain IPS In Line (Ivoclar-Vivadent) discs (16/treatment group) were immersed 
in distilled water (Group I, Untreated control, UN), or treated with the bleaching gels: Opalescence (15% carbamide peroxide; OPA) and 
Opalescence Xtra Boost (38%hydrogen peroxide; OPAXB), for 1h or 6h daily for 14 days. Surface roughness (Ra) and microhardness 
(Knoop, or KNP) measurements were made before and after treatment, and data were subjected to statistical analysis by paired 
Student’s t-test (p < 0.05). Results: Treatments using Opalescence and Opalescence Xtra Boost did not altered surface roughness 
(p=0.6199861) or microhardness (p=0.14286744) of the feldspathic porcelain tested in this study. Conclusion: Bleaching treatments 
using Opalescence and Opalescence Xtra Boost may be suitable for treatment in patients having ceramic prosthodontic treatment. 

Indexing terms: Bleaching agents. Dental porcelain. Hardness tests. 

RESUMO

Objetivo: Avaliar se dois géis clareadores diferentes afetam a microdureza e a rugosidade superficial de corpos de prova de cerâmica 
feldspática, in vitro. Métodos: um total de 48 discos de porcelana feldspática IPS In Line (Ivoclar-Vivadent) (16 / grupo de tratamento) 
foram imersos em água destilada (Grupo I, Controle não tratado, ONU), ou tratados com os géis clareadores: Opalescence (15 % 
peróxido de carbamida; OPA) e Opalescence Xtra Boost (38% peróxido de hidrogênio; OPAXB), por 1h ou 6h diariamente por 14 
dias. Medidas de rugosidade superficial (Ra) e microdureza (Knoop, ou KNP) foram regristradas antes e depois do tratamento, e os 
dados foram submetidos à análise estatística por teste t de Student pareado (p <0,05). Resultados: Os tratamentos com Opalescence 
e Opalescence Xtra Boost não alteraram a rugosidade superficial (p = 0,6199861) ou a microdureza (p = 0,14286744) da porcelana 
feldspática testada neste estudo. Conclusão: Os tratamentos clareadores com Opalescence e Opalescence Xtra Boost podem ser 
adequados para o tratamento de pacientes submetidos ao tratamento com prótese cerâmica.

Termos de indexação: Clareadores. Porcelana dentária. Testes de dureza. 
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INTRODUCTION

Tooth bleaching is an effective and non-invasive 
aesthetic treatment that has become popular in dentistry, 
and can be performed either by dentists at dental offices, 
or by patients themselves at home [1-4]. Depending on the 
etiology of color and intensity changes, teeth whitening 
is the treatment of choice to improve smile appearance 
[4]. As bleaching becomes increasingly popular, concerns 
on the adverse effects of bleaching agents on the enamel 
and restorative materials have emerged as a key issue for 
new research in dentistry. At home, tooth bleaching can be 
performed by long-term application of an oxidizing agent, 
such as a hydrogen peroxide or carbamide peroxide, at 
low concentrations. In contrast, bleaching in dental offices 
is achieved by the application of a highly concentrated 
hydrogen peroxide bleaching gel (usually at ~35%), over 
short periods [5]. 

Carbamide peroxide is very unstable and will 
immediately degrade into hydrogen peroxide and urea, 
upon contact with tissues and saliva [1,6].  Hydrogen 
peroxide acts as a strong oxidizing agent, through the 
formation of free radicals, reactive oxygen molecules, 
and anions [6]. Thus, the direct contact with bleaching 
agents may cause undesirable changes (such as softening 
and degradation) to teeth and restorative materials [2,6]. 
The alterations reported thus far represent changes in 
the surface morphology, roughness, hardness, marginal 
microleakage and color of restorative materials [5-13]. 
Indeed, some studies reported negative effects of bleaching 
agents on chemical and physical properties of restorative 
materials [2,4-13], while others found only slight changes, 
or no significant alterations [14-19]. Possible negative 
effects of bleaching agents on restorative materials are 
particularly relevant in clinical cases that have a restorative 
material for extended period, especially in areas that are 
not recommended to be replaced [1-3].

Currently, feldspathic porcelain (ceramic) occupies 
an outstanding position as a restorative material due to its 
optical properties mimicking natural teeth, high physical-
mechanical durability, chemical stability and biocompatibility 
with adjacent tissues, as well as a low biofilm adherence 
index [20-23]. Thus, ceramic fulfils aesthetic, biological, 
mechanical and functional requirements, and is widely 
used in the fields of dentistry and prosthetics [16]. Despite 
its high structural stability, ceramic can be degraded (albeit 
inefficiently) by agents in the oral environment, food, 

drink and cleaning products (such as mouthwash), which 
may lead to filling deterioration, and create the need for 
restoration replacement [18].  

Considering all the above mentioned, our 
focus was to evaluate whether two widely used tooth 
whitening gels Opalescence (15% carbamide peroxide) 
and Opalescence Xtra Boost (38% hydrogen peroxide) 
alters the surface roughness and microhardness of dental 
feldspathic ceramic (IPS In Line, from Ivoclar-Vivadent).

METHODS 

Specimen preparation

Forty-eight feldspathic porcelain IPS InLine (Ivoclair 
Vivadent, São Paulo, Brazil) discs (16/group) were prepared 
for use in this study. To produce porcelain discs, a porcelain 
and sculpting liquid mixture was placed into a mold (made 
from a C-silicone laboratory putty (Zetalabor - Zhermack 
SpA, Via Bovazecchino, Badia Polesine, Italy) and allowed 
to dry. Then, discs were removed from molds, placed on 
a sagger tray, and fired in a porcelain oven (GramCeram 
LCD; GDS equipamentos e controles Ltda, São Paulo, SP, 
Brasil), according to the manufacturer’s recommendations. 
Discs were trimmed on both sides with a diamond bur 
(717 G Series 4, KG Sorensen, São Paulo, SP Brazil), using 
a straight handpiece (to remove irregularities and create 
a flat surface), and then fired again in a porcelain oven, 
to obtain an auto-glazed surface. Discs were stored in 
deionized water at room temperature for 48 hours before 
treatments.

Restorative and bleaching materials

The following commercial dental products were 
used in this study: the feldspathic porcelain IPS InLine 
(Ivoclair Vivadent, São Paulo, Brazil), and the bleaching 
gels Opalescence (15% Carbamide peroxide, pH=6.5) 
and Opalescence Xtra Boost (38% hydrogen peroxide, 
pH=6.5), both from Ultradent (Utah, USA). 

Bleaching treatments

Discs were divided into 3 groups (16/group) and 
subjected to one of following treatments for 14 days: 
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a) untreated discs (UN) were kept in deionized 
water, which was changed daily; 

b) discs treated with Opalescence (15% Carbamide 
peroxide, pH=6.5; Ultradent [Utah, USA]) for 6 hours/day 
(OPA); 

c) discs treated with Opalescence Xtra Boost (38% 
hydrogen peroxide, pH=6.5; [Ultradent (Utah, USA]) for 1 
h/day (OPAXB). 

Discs were immersed daily in bleaching gels (or 
water) and left indisturbed for the entire duration of daily 
treatment periods. After each daily treatment, specimens 
were washed in running water and then measurements 
were made.

Surface roughness (Ra) was analyzed using an 
SJ-410 surface roughness tester (Mitutoyo, China), under 
constant pressure, and with a cutoff value of 2.5 mm. 

Surface microhardness (Knoop, or KNP) 
measurements were performed with a HMV 2000 Knoop 
hardness tester (Shimadzu, Tokyo, Japan) which applied a 
25g load to each specimen, for 10s. 

For both roughness and hardness, four 
measurements were performed at different positions on 
each specimen – at days 0 and 14 of treatment – and the 
mean value of the two measurements of each specimen 
was recorded.

Statistical analysis was performed using the 
paired t-test Student, at a confidence level of 95%. The 
null hypotheses tested were: (1) Opalescence and/or 
Opalescence Xtra Boost alter the roughness of feldspathic 
porcelain; (2) Opalescence and/or Opalescence Xtra Boost 
alter the microhardness of feldspathic porcelain used in 
this study.

RESULTS 

To mimic treatments performed in the clinic and at 
home, discs were treated with two different bleaching gels: 
for home use (Opalescence, 15% carbamide peroxide), 
and for professional use (Opalescence Xtra Boost, 38% 
hydrogen peroxide). Daily exposure periods were selected 
to mimic short or long-term treatments, used in office and 
at home, respectively.

Values of mean surface roughness and standard 
deviations (SD) for each combination of bleaching and 
restorative material are given in table 1. In table 2, values 

of mean microhardness and standard deviations (SD) for 
each combination of bleaching and restorative material.

Table 1.	 Effect of dental bleaching gels on the surface roughness (in Ra) of 

feldspathic porcelain.

Initial 14 days

  Mean SD Mean SD

Untreated 0.500 0.128 0.469 0.114

Opalescence 0.537 0.228 0.554 0.149

Opalescence
0.664 0.075 0.619 0.125

Xtra Boost 

Table 2.	 Effect of dental bleaching gels on the microhardness (KNP) of 

feldspathic porcelain.

Initial 14 days

  Mean SD Mean SD

Untreated 422.25 32.78 439.85 62.12

Opalescence 435.75 87.33 428.49 56.45

Opalescence
499.87 114.36 435.50 53.88

Xtra Boost 

In general, the action of bleaching agents resulted 
in a slight increase in surface roughness (p<0.6199861) 
and a slight decrease in microhardness (p<0.14286744).  
We did not detect statistically significant differences in 
surface roughness between specimens placed in different 
bleaching agents, compared with the untreated control 
(immersed in deionized water) (p=0.6199861) (table 3). 
Similarly, the evaluation of the microhardness did not show 
statistically significant differences between treatment with 
bleaching agents and the untreated control (p=0.14286744) 
(table 3).

Table 3.	 Tukey test of surface roughness and microhardness of eldspathic 

porcelain. Comparisons between Opalescence and palescence Xtra 

Boost.

 

 

Surface roughness  

 

Surface microhardness

Mean SD Mean SD

Deadline 0.57 0.17 455.04 86.28

Baseline 0.55 0.14   433.86 54.47

P value 0.6199861   0.14286744

DISCUSSION

Although bleaching agents are widely used for teeth 
bleaching, the effect of these agents on restorative materials 
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remains controversial [1-6,17-25]. Possible alterations to 
the physical properties (such as microhardness, flexural 
strength, flexural modulus, and fracture toughness) of 
restorative materials are important aspects to consider 
when performing bleaching, since changes to these 
properties may influence the quality and durability of 
restorations [2,4-13]. 

In the present study, we examined the effects 
of an ‘at-home’ bleaching agent (Opalescence) and an 
‘in-office’ bleaching agent (Opalescence Xtra Boost) on 
feldspathic porcelain, the preferred material used in dental 
restorations. The ceramic used in our study was reinforced 
with leucite and fluorapatite and is considered a ‘glass-
ceramic’. No statistically significant changes were observed 
in the surface roughness and microhardness of feldspathic 
porcelain after treatment with bleaching gels. These results 
confirm those of previous studies that reported no changes 
in either roughness or microhardness of feldspathic 
porcelain after treatment with bleaching gels [12,13].

In contrast, previously studies have shown that 
porcelains might suffer significant roughening when treated 
with 10% carbamide peroxide [7,26]. Another study reported 
that feldspathic porcelain had a significantly rougher surface 
after 21 days of exposure to either 10% or 35% carbamide 
peroxide agents [11]. Possibly the differences reported are due 
to a removal of components from the porcelain matrix, as a 
function of continued peroxide application. This hypothesis 
arose because of a previous research showing that exposure 
to carbamide peroxide agents decreases the SiO2 and K2O2 
contents of the same type of feldspathic porcelain tested 
here [23,27]. An increase in roughness and a reduction 
in microhardness – due to organic matrix erosion – may 
expose weaknesses in restorations, and decrease their wear 
resistance [18].

CONCLUSION

Considering clinical conditions reported in this 
study, bleaching gels do not have a significant effect on 
key surface properties of feldspathic porcelain, resulting in 
a suitable clinical choice when patients have this porcelain 
treatments.
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