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Abstract
Aim  This study compared the effectiveness of several techniques in restoring compromised bonding to recently 
bleached enamel.

Methods  Seventy-five healthy bovine incisors were divided into five groups (n = 15). Fifteen teeth (Group 1) 
remained intact, whereas 60 (Groups 2 to 5) underwent at-home bleaching with 16% carbamide peroxide. The 
bonding procedures were as follows: Group 1: Bonding of resin composite to unbleached enamel; Group 2: Bonding 
immediately after bleaching; Group 3: Application of a 10% sodium ascorbate solution for 10 min before bonding; 
Group 4: Enamel removal to the depth of 0.5 mm; and Group 5: Increased curing time of the bonding agent to 
80 instead of 20 s. After 24 h, the specimens were subjected to micro-shear testing, and the failure mode was 
determined.

Results  ANOVA revealed a significant difference in bond strength among the groups (P < 0.001). The mean bond 
strength was significantly lower in group 2 than in other groups (P < 0.05), which showed comparable bond strength 
to each other (P > 0.05). Adhesive failure was the most predominant failure type in all groups. The mixed failure 
occurred with a frequency of 26.7% in groups 3 and 5. The Fisher’s exact test revealed a significant difference in failure 
modes among the groups (P = 0.047).

Conclusions  The three experimental procedures used in this study, including the application of 10% sodium 
ascorbate before bonding, enamel removal to the depth of 0.5 mm, and increasing the curing time of the bonding 
agent to 80 s, were effective in restoring the compromised bonding to recently bleached enamel.
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Introduction
In contemporary dental practice, a growing number of 
patients seek dental treatment to achieve whiter teeth. 
Among the various techniques available, tooth bleaching 
has emerged as a popular, cost-effective, and minimally 
invasive method for improving dental and smile aesthet-
ics [1, 2]. It is often employed either as a standalone treat-
ment or as a preliminary step before conducting more 
aggressive restorative procedures, such as composite 
resin or porcelain laminate veneers.

Tooth whitening relies on an oxidation reaction. The 
breakdown of hydrogen peroxide (H2O2) generates oxy-
gen free radicals that penetrate the enamel surface and 
fragment large pigment molecules into small ones, result-
ing in tooth whitening. However, the bleaching products 
may have detrimental effects on dental structures. The 
severity of these effects is dependent on the whitening 
technique applied, the concentration and the pH of the 
whitening agent used and the duration of treatment.

It has been demonstrated that the bleaching process 
can lead to morphological alterations in the tooth sur-
face, diminish calcium content, and increase enamel 
surface roughness [3–7]. Another side effect of tooth 
whitening is the reduction in bond strength of restora-
tions applied immediately after the bleaching treatment 
[4]. This reduction in adhesion strength is primarily 
attributed to the residual peroxide within the dental sub-
strate, which hinders the polymerization of resin-based 
materials and interferes with resin infiltration [4, 8–10]. 
Others believe that the changes in morphological, com-
positional, and mechanical properties of bleached enamel 
may contribute to the decline in bond strength [4, 11].

Several strategies have been proposed to mitigate 
the adverse impact of bleaching on the bond strength 
of composite resin restorations. One widely advocated 
strategy involves postponing the bonding process for 
a period ranging from 1 to 3 weeks following bleaching 
[4, 12–14]. This delay allows for the removal of residual 
materials through the buffering action of saliva. How-
ever, this approach may not be feasible for all patients, 
particularly those with time constraints [15]. Another 
option is the application of antioxidants to react with the 
remaining oxygen radicals on the tooth surface, thereby 
restoring the adhesion interface [16–19]. Although vari-
ous anti-oxidants have been proposed in the literature, 
sodium ascorbate is a commonly utilized choice among 
clinicians [20].

An alternative approach that can be employed in cer-
tain patients to enhance bond strength is the removal 
of the outermost layer of bleached enamel to a depth of 
0.5–1 mm. This technique is suitable for individuals who 
require tooth reduction before undergoing esthetic pro-
cedures such as laminate or composite veneers, or those 
requiring extensive correction for abnormally shaped 

teeth. Since most of the changes induced by bleaching 
are believed to occur on the tooth surface, flattening the 
enamel may yield sufficient bond strength for adhesive 
restorations by eliminating the affected enamel [4].

Another possible option to restore compromised adhe-
sion to bleached enamel is increasing the polymerization 
duration of dental adhesives. A previous study demon-
strated that the extent of polymerization of adhesives 
on recently bleached dentin was enhanced by extending 
the curing period to 40–60 s as compared to 20 s [21]. It 
can be assumed that increasing the extent of polymeriza-
tion would enhance bond strength to recently bleached 
enamel.

There are a few studies concerning the effect of enamel 
removal on enhancing bond strength to bleached sub-
strate. Furthermore, little information is available on 
the impact of prolonged curing of adhesive on the bond 
strength of composite resin to bleached enamel. There-
fore, this study aimed to compare the effectiveness of 
several techniques, including the application of a 10% 
sodium ascorbate solution before bonding, enamel 
removal to the depth of 0.5 mm, and an extended polym-
erization time of the bonding agent, in enhancing the 
micro-shear bond strength (µSBS) between composite 
resin and recently bleached enamel.

Materials and methods
The research protocol was approved by the ethics com-
mittee of Mashhad University of Medical Sciences (IR.
MUMS.DENTISTRY.REC.1398.025).  Seventy-five 
extracted bovine incisors were used in this in vitro study. 
They were obtained from sacrificed animals in a slaugh-
terhouse. After cleaning off the tissue remnants and 
debris with a scaler, the teeth were evaluated under a ste-
reomicroscope to discard those showing cracks, enamel 
detects, or caries. The selected teeth were kept in a 0.1% 
thymol solution for 1 week, then stored in normal saline 
until the time of the experiment.

Sample preparation
The roots were cut just below the cementoenamel junc-
tion by a diamond disk attached to a dental headpiece. 
Then, the crowns were mounted in polyvinyl chloride 
molds using self-curing acrylic resin, so that the enamel 
surface was faced upward and aligned with the horizon. 
The enamel surfaces were further flattened by wet grind-
ing using 600, 1200, and 2500 grit silicon carbide papers.

Grouping and bonding procedure
The specimens were randomly divided into 5 groups of 
15 each. In group 1 (positive control), no bleaching treat-
ment was performed, whereas the teeth in groups 2 to 5 
underwent at-home bleaching with 16% carbamide per-
oxide (Whiteness simple; FGM, Joinville, SC, Brazil). The 
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bleaching gel was applied in 2–3 mm thickness over the 
enamel surface, for 8  h a day over 14 consecutive days. 
After each bleaching cycle, the teeth were thoroughly 
rinsed under running tap water and then kept in 100% 
humidity inside an incubator at 37  °C. The teeth in the 
control group were kept in deionized water at 37  °C for 
14 days. After the last application of the bleaching gel, the 
teeth were thoroughly rinsed and underwent the bonding 
process, as explained in the following:

Group 1 (positive control): In this group, composite 
resin was bonded to unbleached enamel. The tooth sur-
face was pumiced, etched with 37% phosphoric acid gel 
for 30  s, thoroughly rinsed with water, and dried. Then, 
a coat of bonding agent (Peak Universal Bond; Ultradent 
Products, Inc., South Jordan, UT, USA) was rubbed on 
the enamel surface and light-polymerized for 20 s using 
an LED unit at the intensity of 650 mW/cm2 (Blue-
phase C8; Ivoclar Vivadent, Liechtenstein). Afterwards, 
a tigon tube (internal diameter of 0.7  mm and a height 
of 1.5 mm) was placed on the enamel surface and filled 
with Filtek Z100 resin composite (A3 shade; 3 M ESPE, 
St Paul, MN, USA). The excess material surrounding the 
tube was removed and the specimen was photopolymer-
ized for 40 s at the intensity of 650 mW/cm2.

Group 2 (negative control): In group 2, the composite 
resin was bonded to the enamel surface immediately after 
bleaching. The bonding procedure was performed as 
explained in group 1.

Group 3 (10% sodium ascorbate solution): The bleached 
specimens were treated with a 10% sodium ascorbate 
solution for 10 min before the bonding process. The solu-
tion was refreshed several times over the enamel surface. 
The samples were then thoroughly rinsed and subjected 
to the bonding process, as explained in group 1.

Group 4 (removal of bleached enamel): The bleached 
enamel surface was removed up to the depth of 0.0.5 mm 
using a diamond bur. The surface was then ground flat 
by 600, 1200, and 2500 grit silicon carbide papers under 
water irrigation and rinsed to remove any debris. The 
extent of enamel reduction was continuously measured 
by a micrometer (Mitutoyo, Kyoto, Japan). The speci-
mens were then bonded, as explained previously.

Group 5 (increased curing time of the bonding agent): 
The bleached enamel surface was immediately bonded 
with resin composite, but the curing time of the bonding 
agent was extended to 80  s. The other procedures were 
similar to that explained in group 1.

Measurement of micro-shear bond strength (µSBS)
After the bonding process, the composite cylinders were 
stored in deionized water at 37ºC for 24 h. Then the tubes 
were separated with a blade and the specimens were sub-
jected to micro shear testing in a universal machine (San-
tam, Tehran, Iran). A 0.2 mm diameter stainless steel wire 

loop was placed around the composite cylinder at the 
enamel interface, and the debonding force was applied at 
a cross-head speed of 1.0  mm/min. The maximum fail-
ure load was recorded in Newton (N) and divided by the 
surface area of the composite cylinder (mm2) to give the 
bond strength in megapascals (MPa).

Failure mode analysis
After the bond strength test, the fracture surface was 
examined at x 20 magnification to determine the type of 
failure. Bond failures were classified as adhesive (fracture 
at the interface of enamel and composite resin), cohe-
sive (fracture within the enamel or the composite resin), 
or mixed (the simultaneous occurrence of adhesive and 
cohesive fractures).

Statistical analysis
The results were analyzed by the SPSS software (ver-
sion 16.0, SPSS Inc, Chicago, IL, USA). The assumption 
of normality was confirmed using the Shapiro-Wilk test 
(P>0.05). One-way analysis of variance (ANOVA) was 
run to detect any significant difference in bond strength 
among the study groups, followed by the post hoc 
Tukey test for pairwise comparisons. The difference in 
the type of failure was assessed by Fisher’s exact test. A 
P-value<0.05 was considered significant.

Results
Table  1 presents the mean, standard deviation (SD), 
minimum (Min), and maximum (Max) values of micro-
shear bond strength (MPa) in the study groups. The 
lowest bond strength (4.83 ± 3.28) was observed in the 
negative control group (group 2), in which the specimens 
underwent bonding immediately after bleaching. The 
highest µSBS value was observed in group 4 (removal of 
bleached enamel) and group 3 (10% sodium ascorbate), 
showing values of 11.87 ± 4.02 MPa and 11.79 ± 2.96 MPa, 
respectively. Bond strength in group 5 (increased curing 

Table 1  Mean, standard deviation (SD), minimum (Min), and 
maximum (Max) values of micro-shear bond strength (MPa) in 
the study groups
Group Definition Mean SD Min Max
1 Unbleached enamel (positive 

control)
10.91b 3.82 5.23 17.93

2 Bonding immediately after 
bleaching (negative control)

4.83a 3.28 0.70 13.72

3 10% sodium ascorbate 
solution

11.79b 2.96 7.76 19.66

4 Removal of bleached enamel 11.87b 4.02 5.70 19.95
5 Increased curing time of the 

bonding agent
8.93b 2.92 3.75 14.12

P-value <0.001
The groups that have been defined with different lowercase letters indicate 
statistically significant differences at P<0.05
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time of the bonding agent) was 8.93 ± 2.92  MPa, which 
was lower than that of the unbleached control group 
(10.91 ± 3.82 MPa).

ANOVA revealed a significant difference in bond 
strength among the study groups (p<0.001; Table  1). 
Tukey test revealed that the mean bond strength was sig-
nificantly lower in group 2 than in all the other groups 
(P>0.05; Table 1). Bond strength in the three experimen-
tal groups (groups 3, 4, and 5) was comparable to each 
other and to the positive control group (P>0.05; Table 1). 
Figure 1 illustrates a comparison of bond strength values 
in the study groups.

Table  2 presents the frequency and percentage of dif-
ferent failure modes in the study groups. Adhesive fail-
ure was the most predominant failure type and occurred 
in 82.7% of all specimens, whereas cohesive failure was 
observed in only 3 teeth (4%). Fisher’s exact test revealed 
a significant difference in the type of failure among the 
study groups (P = 0.047; Table  2). In the positive con-
trol group, all teeth showed adhesive failure. The mixed 
type of failure was observed in 26.7% of the specimens in 
groups 3 and 5.

Discussion
The present investigation examined various techniques 
to enhance the adhesive strength between resin compos-
ite and bovine enamel immediately following a bleaching 
procedure. Bovine incisors were employed due to their 
availability, flat surface, and morphological and chemical 
similarities to human teeth [4, 22, 23]. At-home bleach-
ing was selected in this study employing a 16% carbamide 
peroxide gel for two weeks. This bleaching method is 
associated with several advantages including low cost, 
ease of application, desirable efficacy, and good stabil-
ity, making it a popular choice among both patients and 
dental professionals [5, 24]. Bond strength was measured 
by the µSBS test, as it provides a more consistent distri-
bution of stress at the bonded interface than the macro-
shear bond test [4, 22].

The outcomes of this study revealed a significantly 
lower bond strength (4.83 ± 3.28  MPa) in specimens 
bonded immediately after the bleaching process, as com-
pared to the other study groups. The three experimental 
procedures were effective in enhancing the bond strength 
of resin composite to bleached enamel and yielded bond 
strength values that were comparable to that of the 
unbleached specimens (10.91 ± 3.82  MPa). Among these 
procedures, enamel removal (11.87 ± 4.02  MPa) and the 
application of a 10% sodium ascorbate solution before 
the bonding process (11.79 ± 2.96  MPa) demonstrated 
the highest bond strength among the groups. Extending 
the curing time of the bonding agent resulted in slightly 
lower but comparable adhesion (8.93 ± 2.92  MPa) when 
compared to the unbleached control specimens.

Numerous studies exhibited a decrease in bond 
strength immediately following a bleaching procedure 
[14, 25–29]. This decrease is attributed to the presence 
of peroxide within the bleached substrate, which can 
inhibit resin polymerization and diminish the formation 
and penetration of resin tags into bleached enamel [4, 8–
10]. Additionally, alterations in the mineral and organic 
composition of enamel, as well as surface morphological 
changes, can contribute to reduced adhesion to recently 
bleached enamel [4, 11].

In the present study, the bleached teeth treated with a 
10% sodium ascorbate solution showed comparable bond 
strength to that of the unbleached specimens. The ascor-
bic acid salt is well known as a powerful anti-oxidant 
agent and there is ample evidence supporting its ability 
to counteract the oxidizing effect of peroxide-containing 
materials [15, 20, 28]. However, the efficacy of sodium 
ascorbate in mitigating the effects of bleaching agents 
depends on various factors such as its concentration and 
the duration of application, as well as the concentration 
and application time of the bleaching agent [30, 31].

In this study, a 10% sodium ascorbate solution was 
applied to the tooth surface for 10  min. Previous 

Table 2  The frequency and percentage (%) of bond failure 
modes in the study groups
Group Definition Adhesive Cohesive Mixed
1 Unbleached enamel (posi-

tive control)
15 (100) 0 (0) 0 (0)

2 Bonding immediately after 
bleaching (negative control)

13 (86.7) 1 (6.7) 1 (6.7)

3 10% sodium ascorbate 
solution

9 (60) 2 (13.3) 4 
(26.7)

4 Removal of bleached 
enamel

14 (93.3) 0 (0) 1 (6.7)

5 Increased curing time of the 
bonding agent

11 (73.3) 0 (0) 4 
(26.7)

P-value 0.047

Fig. 1  Comparison of micro-shear bond strength (µSBS) values (MPa) 
among the study groups (Group 1: Unbleached enamel; Group 2: Bond-
ing immediately after bleaching; Group 3: 10% sodium ascorbate solution; 
Group 4: Removal of bleached enamel; Group 5: Increased curing time of 
the bonding agent)
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investigations have explored different concentrations of 
sodium ascorbate, ranging from 2.5 to 35% [20]. There 
is evidence suggesting that a minimum concentration 
of 10% is necessary to provide an antioxidant effect [20, 
32]. Regarding the duration of sodium ascorbate appli-
cation, prior studies have employed intervals ranging 
from 2  min to 180  min [20, 33]. However, it has been 
noted that prolonged intervals do not necessarily lead 
to enhanced bond strength, as the majority of reactions 
occur within the initial minutes after antioxidant appli-
cation. Furthermore, long application intervals can be 
impractical in a clinical setting. Given the rapid loss of 
antioxidant efficacy, it is assumed that the frequency of 
antioxidant application is more critical than the dura-
tion of contact with tooth structure [15]. For this reason, 
the sodium ascorbate solution was frequently reapplied 
to the tooth surface in this study. Although some stud-
ies have advocated for the use of sodium ascorbate in gel 
form as opposed to liquid [15, 20], Kimyai and Valizadeh 
[34] indicated that both hydrogel and solution forms of 
sodium ascorbate effectively enhance the bond strength 
of resin composite to bleached enamel.

Enamel reduction to a depth of 0.5 to 1  mm is com-
monly performed in dental procedures involving veneers 
and other restorative treatments. The outcomes of this 
study revealed that removing 0.5  mm of enamel is an 
effective approach to enhance the bond strength of resin 
materials to teeth immediately after the bleaching treat-
ment. Cheng et al. [4] also indicated that reducing the 
enamel surface by 0.5 mm resulted in micro shear bond 
strength (µSBS) values similar to those of the unbleached 
group. They argued that the release of free oxygen radi-
cals and the resulting structural changes primarily occur 
at the surface, making the enamel reduction very effec-
tive in neutralizing the detrimental effects of bleach-
ing procedures [4]. Surmelioglu et al. [35] reported that 
both enamel surface reduction and Er, Cr: YSGG laser 
conditioning were effective in eliminating the unde-
sirable effects of the bleaching treatment, resulting in 
bond strength values comparable to that of the control 
specimens.

Based on the findings of this research, extending the 
curing time of the bonding agent to 80 s, as opposed to 
the standard 20 s, resulted in comparable bond strength 
to that of the unbleached control group. This finding 
supports the hypothesis that the extended curing time 
enhances the degree of polymerization. This can neutral-
ize to some extent the inhibitory effects of oxygen free 
radicals trapped in the enamel structure on polymeriza-
tion of dental adhesives, thereby improving adhesion 
to bleached enamel. It is also possible that increasing 
the curing time leads to raising the temperature of the 
enamel surface, which helps to release oxygen-free radi-
cals from the tooth structure. However, further research 

is required to confirm this assumption. The outcomes of 
this study confirm the study of Cadenaro et al. [21]. They 
noted reduced polymerization (degree of monomer con-
version) in adhesive systems bonded to dentin immedi-
ately after the whitening process when curing was limited 
to 20 s. However, longer curing periods (40–60 s) led to 
a significantly higher rate of monomer conversion for 
all the tested adhesive formulations [21]. The findings 
of the present study also demonstrate that incomplete 
polymerization is probably the main reason for decreased 
bond strength immediately after bleaching, as pro-
longed polymerization resulted in improved adhesion to 
bleached enamel. In contrast to the findings of this study, 
our previous investigation [22] indicated that extend-
ing the polymerization time of adhesive systems did not 
effectively counteract the inhibition of polymerization 
induced by the bleaching procedure on dentin. The dis-
parities in these results may be attributed to variations in 
the substrates used (dentin versus enamel) or differences 
in the methodology across these studies.

In the present study, the mode of bond failure was 
predominantly adhesive in all groups, with an overall 
frequency of 82.7%, whereas cohesive failure was rarely 
observed in the sample. A mixed mode of failure was 
observed in 26.7% of specimens within groups 3 (10% 
sodium ascorbate) and 5 (prolonged curing time of 
adhesive). All specimens in the positive control groups 
showed adhesive type of failure. The type of bond fail-
ure exhibited significant variations among the study 
groups. However, teeth bonded immediately after bleach-
ing exhibited a failure mode similar to that observed in 
groups with substantially higher bond strength values, 
suggesting a lack of correlation between the failure mode 
and bond strength in bleached enamel.

Consistent with the findings of this study, Kılınç et 
al. [12] reported a higher incidence of adhesive failure 
across all groups, with other failure modes being rare. 
In contrast, Türkün et al. [32] and Cheng et al. [4] noted 
a mixed type of failure occurring more frequently in all 
groups. Miranda et al. [36] reported that 52% of failures 
were of a mixed nature, whereas 28% were adhesive. 
These discrepancies between our results and those of 
previous studies may be attributed to variations in con-
centrations and contact durations of bleaching agents, 
and differences in immediate versus delayed bonding 
procedures.

The in vitro setting of this study should be considered 
as its main limitation. Moreover, the investigation exam-
ined a single type of bleaching material and one specific 
adhesive system. It is worth noting that the efficacy of 
sodium ascorbate may diminish when applied to teeth 
treated with greater concentrations of bleaching prod-
ucts, as they release an increased amount of oxygen into 
the dental substrate [20]. It is essential to exercise caution 



Page 6 of 7Moosavi et al. BMC Oral Health          (2024) 24:942 

when extrapolating the findings of this study to office-
based bleaching, which employs higher hydrogen per-
oxide concentrations. Further research is recommended 
to explore the effects of enamel removal and extended 
curing times of bonding agents within a clinical scenario, 
using various adhesive systems, and bleaching products 
and protocols.

Conclusion
Within the limitations of this study, the following conclu-
sions can be established:

1.	 A significant reduction in bond strength was 
observed when bonding to enamel was performed 
immediately after the bleaching treatment.

2.	 The three experimental procedures employed in 
this study, including the application of 10% sodium 
ascorbate solution, enamel removal to a depth of 
0.5 mm, and extension of adhesive curing time to 
80 s, proved effective in restoring the compromised 
bonding to recently bleached enamel.

3.	 There was a significant difference in the mode of 
failure among the groups. However, it appeared 
that the mode of bond failure did not exhibit 
any correlation with the bond strength of resin 
composite to bleached enamel.
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