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Abstract
Introduction and objective: Dental bleaching is an effective, 
relatively simple and noninvasive technique. The aim of this study 
was to evaluate the effects of catalase, 2% chlorhexidine gel, and 1% 
sodium hypochlorite on the microtensile bond strength to enamel of 
bovine teeth submitted to internal and external bleaching with 35% 
hydrogen peroxide. Material and methods: Sixty bovine incisors 
were used. They had their debris removed, washed in tap water and 
stored frozen. The samples were divided into five experimental groups 
according to the treatment applied after bleaching (n = 12): 1 − control/no 
bleaching (C); 2 − catalase (CA); 3 − 2% chlorhexidine gel (CG); 4 − 1% 
sodium hypochlorite (SH); 5 − distilled water (DW). For microtensile 
test, samples were prepared into blocks of enamel/resin, which were 
sectioned to obtain hourglass-like specimens. Bond strength was 
calculated in MPa and data analyzed statistically by Anova (p < 0.05). 
Results: Microtensile bond strength means decreased in comparison to 
control group, but no statistically significant difference between groups 
was found. Conclusion: The substances used after dental bleaching 
did not result in statistically significant microtensile bond strength 
means of the tested groups.
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Introduction

Among the several aesthetic dental treatments, 
bleaching has draw some attention by patients and 
dentists because represents a noninvasive, relatively 
simple procedure to be performed [9]. This treatment 
success is related to bleaching material’s ability of 
penetrating into dentinal tubules. The deeper the 
penetration, the more the pigment that causes chromatic 
alteration can be reversed by the oxidation reaction, 
converting dark molecules into carbon dioxide and 
water [6].

Dental bleaching has been classified into two types. 
The first comprises the application of the bleaching 
agent and/or an energy source (light), generally used 
in vital teeth. The second uses the bleaching agent 
inside root canal, after the biomechanical preparation, 
so-called the walking bleach technique [10]. In this 
technique, the bleaching agents are placed inside the 
root canal, directly in contact with dentin. The most 
two used agents are hydrogen peroxide and sodium 
perborate. Although these substances are efficient in 
altering tooth color, complications in dental bleaching 
have been reported, including alterations in dentin 
surface morphology, changes in dentin composition and 
permeability, and external root resorption [7, 11].

Hydrogen peroxide (H2O2) is a largely employed, 
safe, and effective bleaching agent whose exact 
mechanism of bleaching action is not completely 
understood. One possible theory is that H2O2 is 
decomposed to produce oxygen radicals, which attack 
organic pigment molecules, causing the whitening 
effect [12].  

According to Torneck et al. (1990) [22], the 
presence of residual peroxide after bleaching procedures 
may result in bond strength decreasing of esthetical 
restorations on enamel surface. Rotstein (1993) [15] 
reported that catalase application, for 3 minutes, would 
completely eliminate the residual H2O2.

Sodium hypochlorite is the chemical solution 
mostly used as adjuvant of root canal shaping. In 
addition to its bleaching property, sodium hypochlorite 
presents antimicrobial activity against bacteria, fungi, 
and virus; and, acts as a low surface tension organic 
solvent, deodorant, lubricant [14]. 

Chlorhexidine is a bactericide and bacteriostatic 
substance that inhibits the enzymatic activity and 
presents a relative lack of toxicity and odor. Also, it 
presents a broad spectrum antibacterial activity and 
substantivity, i.e., the ability of slow releasing as its 
concentration decreases, which enables a long action 
time period [14]. 

The aim of this study was to evaluate the effects 
of catalase, 2% chlorhexidine gel, and 1% sodium 
hypochlorite on the microtensile bond strength to 
enamel of bovine teeth, submitted to internal and 
external bleaching with 35% hydrogen peroxide.

Material and methods

Sixty bovine incisors were used and had their 
debris removed. Following, teeth were washed in tap 
water and kept frozen. Each sample was sectioned 
transversally at 10 mm of its crown portion and 
at 5 mm of its root portion, from enamel-cement 
junction, through double-face diamond discs (#7016, 
KG Sorensen), at low speed under water cooling. 

Pulp was removed by dental probe number 
#5 (Duflex, SS White) and pulp chamber width 
was standardized as the active point of a carbide 
round bur number #8 (Fava), at high speed under 
water cooling. Teeth were stored in a humidifier 
chamber at 37ºC before and after the bleaching 
procedure. 

35% hydrogen peroxide (Whiteness HP) was 
mixture according to the manufacturer’s instructions, 
using a bleaching agent/thickener ratio of 3:1. This 
was applied onto tooth’s labial surface and pulp 
chamber by using the application tips (approximately 
1 mm of thickness). Then, the agent was light-cured 
for 30 seconds by a LED device (LED Radii Cal, 
SDI, 1200 mW/cm2). This procedure was repeated 
twice, totalizing 45 minutes (15-min interval for 
each application). All this process comprising three 
applications of the bleaching agent was repeated 
at every 7 days, during three weeks. After the last 
week, the samples were stored in a humidifier 
chamber at 37ºC, for 1 week. 

Next, the samples were randomly divided into 
five test groups, according to the substance applied 
after dental bleaching (n = 12): 1 – control/no 
bleaching (C); 2 – catalase (CA); 3 – 2% chlorhexidine 
gel (CG); 4 – 1% sodium hypochlorite (SH); 5 
– distilled water (DW).

Samples were cut, longitudinally at mesiodistal 
direction, under water cooling (Isomet, Buehler, 
Ltd., USA). This allowed the discard of the lingual 
surface and the exposure of the pulp chamber’s 
internal surface. Prior to the bond procedures, the 
aforementioned substances were applied according 
to each test group, for 5 minutes. Following, the 
samples were washed with distilled water for 1 
minute and dried.

The outlined area of each sample (enamel 
fragment) was etched by 35% phosphoric acid, for 
30 seconds, washed for 10 seconds and dried. Two 
consecutive layers of the adhesive system Adper 
Single Bond 2 were applied, gently air dried, and 
light-cured for 10 seconds. A composite resin (Filtek 
Z350) was placed at 2-mm increments, which were 
light-cured for 20 seconds each. Table I shows the 
materials employed, and their manufacturers, batch 
numbers, and expiration dates.
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Table I – Materials, manufacturers, batch numbers, and expiration dates

Material Manufacturer Batch number Expiration date
37% phosphoric acid Villevie 236 e 276 3/2012
Adper Single Bond 2 3M Espe 9XMBR 3/2012

Filtek Z350 3M Espe
9EP, 8NT, 8BK,

N128202, 
N126259, N118032

1/2012
9/2012

35% hydrogen peroxide– Whiteness HP, 
Thickener and Neutralizing solution 

(Catalase)
FGM 020210 2/2012

chlorhexidine Visnature 2529 10/2010

1% sodium hypochlorite Visnature 2529 11/2010

For microtensile bond strength tests, enamel/
resin blocks were sectioned at about 1-mm cuts 
and prepared to obtain hourglass-like samples. 
Prior to this test, enamel/resin interface area were 
measured and calculated by using a digital caliper 
(Mahr 16ES, Carl Mahr, Germany). Samples were 
fixed into a device with cianoacrilate (Superbonder 
gel/Loctite) and microtensile bond strength test was 
performed in a universal test machine (Instron 4411, 
Instron Corp, USA), at 0.5 mm/min speed. 

Microtensile bond strength was calculated 
and expressed in MPa and data were statistically 
analyzed by analysis of variance (Anova), with level 
of significance set at 5%. 

Results

Anova did not show statistically significance 
differences at 5% of significance level. Microtensile 
bond strength mean values and standard deviation, 
for each group, are seen in graph 1.

Graph 1 – Microtensile bond strength means (MPa) and 
standard deviations ( | ). Legend: 1 – control/no bleaching 
(C); 2 – catalase (CA); 3 – 2% chlorhexidine gel (CG); 4 – 1% 
sodium hypochlorite (SH); 5 – distilled water (DW)

Discussion

Dental aesthetics has been an issue of great 
interest, nowadays. Accordingly, dental bleaching 
has been widely studied because it is a noninvasive 
aesthetic treatment showing very successful results. 
This present study did not observe statistically 
significant differences among the microtensile bond 
strength means of control and bleaching groups 
receiving application of catalase, 2% chlorhexidine 
gel, 1% sodium hypochlorite, and distilled water. 
Amaral et al. (2008) [1] also did not find any 
reduction in bond strength to enamel after dental 
bleaching by carbamide peroxide. Bating et al. 
(2004) [4] concluded that carbamide peroxide at 
different concentrations did not present statistically 
significant differences in bond strength, after 15-
day storage in saliva. Although this is relevant 
information, carbamide peroxide was not the agent 
used in this present study.

The findings of Teixeira et al. (2002) [20] stated 
that 7, 14, and 21 days after internal bleaching, the 
shear bond strength to bovine tooth’s enamel was 
not altered. However, shear bond strength values 
were affected by the mixture of sodium perborate 
and 30% hydrogen peroxide, immediately after 
dental bleaching. Following the same research line, 
Teixeira et al. (2004) [21] showed that bleaching 
procedures with 37% carbamide peroxide did 
not affect bond strength to enamel and dentin. 
Notwithstanding, these values decrease when 
sodium perborate was associated with 30% hydrogen 
peroxide, regardless of the time elapsed after the 
bleaching procedure. 

Lewinsten et al. (1994) [13] reported that 30% 
hydrogen peroxide reduced enamel and dentin’s 
microhardness and this reduction was statistically 
significant after 5 and 15 minutes for dentin and 
enamel, respectively. Also, Borges et al. (2010) [5] 
concluded that bleaching acid gels reduced enamel’s 
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microhardness and the use of remineralizing gels 
after the bleaching procedure may improve the 
microhardness values of the bleached enamel. In this 
present study, we did not use the dentin substrate 
and microhardness tests; however, microhardness 
data are relevant and largely studied concerning 
to bleaching agents. 

On the other hand, the findings of Barcellos 
et al. (2010) [2] showed significant differences in 
bond strength values after 14 days of bleaching in 
enamel substrate groups. Moreover, the damages 
caused by bleaching agents in bond strength of resin 
restoration to tooth structure are increased as the 
concentration of these agents increase. Concerning 
to the groups in which the restoration was inserted 
onto enamel, the authors affirmed that the control 
group presented the highest bond strength, with 
statistically significant differences. 

Barbosa et al. (2008) [3] recommended that 
bonding procedures to enamel be postponed 
until seven days post-bleaching treatment with 
35% hydrogen peroxide, while restorations onto 
dentin should be postponed until 14 days after 
bleaching. Our study followed these authors’ 
recommendations.

Accordingly, Shinohara et al. (2005) [16] stated 
that the decrease in shear bond strength values 
is time-dependent and, they recommended to wait 
longer periods for performing composite resin 
restorations. Accordingly, a satisfactory period, for 
composite restorations both on enamel and dentin, 
would be two weeks post-bleaching. 

Cavalli et al. (2001) [8] reported that, in the 
first two weeks after bleaching, the bond strength of 
composite resin to enamel was low. However, after 
three weeks, the bond strength values returned 
to those of the control group (without treatment). 
Torneck et al. (1990) [22] suspected that this 
decreased adhesive bond strength was caused by 
the presence of residual peroxide or peroxide-related 
substances at or near the enamel surface. Following 
this same line, Rotstein (1993) [15] reported that 
hydrogen peroxide at high concentrations may cause 
damages to tooth structure and periodontal tissues 
and, catalase may be efficiently applied after internal 
bleaching to eliminate the residual hydrogen. 

Sung et al. (1999) [18] still affirmed, based on 
the results of their study, that it would be more 
adequate to use alcohol-based adhesives because 
they result in higher shear bond strength values. 
Therefore, composite resin restorations could be 
performed immediately after bleaching. Our study 
used the adhesive system Adper Single Bond 2, 
which presents alcohol as solvent. Despite this 
fact, based on literature, we opt to wait one week 

after bleaching to perform the resin insertion, for 
all groups.

In agreement with the findings of our study, 
Tamura et al. (2008) [19], using tensile bond 
strength tests similar to those employed in this 
present study, found no statistically significant 
tensile bond strength mean values after three 
applications of in-office bleaching, regardless the 
site of application, the type of the bleaching agent, 
and the type of light-curing. 

Conclusion

Based on the obtained data and the applied 
statistical analysis, it can be concluded that the 
substances employed after bleaching procedures 
did not result in statistically significant microtensile 
bond strength mean values.
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