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ABSTRACT
Aim: This study aimed to examine the effect of postoperative
home bleaching using 20% carbamide peroxide on the shear
bond strengths of different adhesives to enamel and to verify
the failure mode for each test specimen.
Materials and methods: One hundred sound human molars
were used in this study. Bonding procedures were performed
on the flattened buccal enamel surfaces according to the
manufacturer’s instructions. OptiBond Solo Plus adhesive
(Kerr), Single Bond Universal adhesive (3M ESPE) applied
with both the total-etch and self-etch techniques, and Tetric
N-Bond Universal adhesive (Ivoclar Vivadent) applied with
both the total-etch and self-etch techniques were used, followed by resin composite post fabrication (Filtek Z350 XT; 3M
ESPE). All specimens were thermo-cycled for 5000 cycles
and then divided into the control (non-bleach) and postoperative bleaching groups (20% carbamide peroxide). The shear
bond strength values were measured and compared between
the two groups. Data were analyzed using one-way analysis
of variance with Tukey’s test (p ≤ 0.05). The failure modes of
debonded specimens were evaluated using a digital microscope
(50×). The bonding interfaces of the resin composite posts to
different enamel conditions (control and postoperative bleaching) were observed by a scanning electron microscope (SEM)
before the shear bond test.
Results: The shear bond strength values of all tested adhesives
were lower in the postoperative bleaching group than they were
in the control (non-bleach) group, particularly the bond strength
values of self-etch adhesives.
Conclusion: The stability of bonded resin composite restorations to enamel, using different dental adhesives, could
be compromised after the bleaching procedure at varying
sensitivity levels.
Clinical significance: Replacement of bonded resin composite
restorations to enamel might be considered after bleaching
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INTRODUCTION
In recent years, the demand for tooth bleaching has
increased because people are more concerned about
improving the aesthetic appearance of their smile, and
clinicians are considering more conservative, noninvasive dental treatments. Many studies in the literature
have described various tooth bleaching approaches using
different bleaching materials, concentrations, and lightactivation techniques.1 Dental bleaching can be divided
into vital and non-vital tooth bleaching. The three main
vital tooth-bleaching protocols include home bleaching,
in-office bleaching, and over-the-counter bleaching agents.
Bleaching procedures were primarily performed
in dental offices until Haywood and Heymann 2
introduced the first home tooth bleaching agent in 1989,
a 10% carbamide peroxide gel. Home tooth bleaching
is advantageous because it is cost-effective, can be selfapplied by the patient, is safe, and has fewer undesirable
side effects, all of which means the patient can spend
less time at dental clinics.3 Tooth bleaching approaches
that use oxidizing agents, such as hydrogen peroxide
and carbamide peroxide, involve their circulation from
the enamel to the dentin.4 Following this, the oxidizing
agent disintegrates, yielding unstable free radicals. The
oxidation of organic pigmented molecules is enhanced
by these free radicals, leading to the formation of less
heavily pigmented constituents; thus, bleaching of the
tooth tissues occurs.5-8
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Stained teeth are usually treated conservatively using
bleaching procedures. However, since the bleaching
material is held in intimate contact with the teeth and
any associated restorations, this may cause undesirable
effects on the natural tooth structure,9,10 bonding
interface, and restorative materials, such as softening
and degradation of the teeth and restorative materials.11-13
Thus, researching how bleaching agents react with preexisting or subsequent dental restorations is essential.
Many studies have examined the reduced bond strengths
of bonded restorations to enamel and dentin following
tooth bleaching procedure.14-16 Other studies evaluated the
effects of bleaching on pre-existing bonded restorations
using a variety of methods, including bond strength
measurements,17-20 fracture resistance measurements,21-23
and leakage analyses.24-26 Nevertheless, only a few studies
have investigated the effect of bleaching materials on
the bond strength and stability of pre-existing resin
composite restorations. The stability of bonded resin
composite restorations to tooth structure plays an
important role in determining the durability of these
restorations. The objectives of the current research were
to evaluate the effect of postoperative home bleaching
procedures using 20% carbamide peroxide on the shear
bond strengths of different adhesive systems to enamel
and to verify the failure mode for each test specimen.

Research Hypothesis
The tested null hypothesis was that bleaching with
20% carbamide peroxide would not reduce the shear
bond strength values of different adhesive systems to
enamel surface and would not affect the stability of resin
composite-enamel bonds.

MATERIALS AND METHODS
A total of 100 sound human molars were cleaned and kept
in distilled water with a 0.05% thymol solution. The roots
were cut from the teeth 2 mm below the cementoenamel
junction with a slow-speed diamond saw (Isomet 2000;
Buehler, Lake Bluff, IL, USA). The teeth were embedded
in a self-cure acrylic resin that was filled in polyvinyl
chloride cylindrical molds in a manner that permitted the
buccal surfaces to be exposed. Flattening and polishing
of the buccal surface of each tooth was performed using
a series of wet 240-, followed by 400-, and then 600-grit
silicon carbide paper disks (Buehler) mounted in an
Automata Machine (Jeanwirtz, GMBH, West Germany)
to yield a flat enamel surface. Table 1 lists all of the
materials that were used in this study. The samples were
randomly divided into two main groups (n = 50 teeth
per group), namely the control (non-bleach) group and
the postoperative bleaching group. Each group was then
subdivided into five subgroups depending on the type
of adhesive utilized (n = 10 teeth per subgroup). The five
adhesives were as follows:

• OptiBond (OB) Solo Plusadhesiveapplied (Kerr,
Orange, CA, USA) using the total-etch (also known
as etch-and-rinse) technique;
• Single Bond Universal adhesive (3M ESPE, Seefeld,
Germany) applied using the total-etch (SB-TE) or
etch-and-rinse technique; 3. Single Bond Universal
(3M ESPE) adhesive applied using the self-etch (SB-SE)
technique;
• Tetric N-Bond Universal adhesive (Ivoclar Vivadent,
Schaan, Liechtenstein) applied using the total-etch
(TNB-TE) or etch-and-rinse technique; and
• Tetric N-Bond Universal adhesive (Ivoclar Vivadent)
applied using the self-etch (TNB-SE) technique.
After dental adhesive application, resin composite
posts (Filtek Z350 XT; 3M ESPE Dental Products, St.
Paul, MN, USA) were fabricated in each specimen, using
custom-made silicone molds (3 mm in diameter, 2 mm
high) (Fig. 1A). To ensure proper condensation of the
composite, the material was placed in the tube in the
silicone mold, overfilled, and then pressed with a glass
slab before being light-cured for 20 seconds. Following
this, the silicone mold was gently removed, and the
excess composite was trimmed with a plastic instrument.
Manufacturer’s instructions were followed in all bonding
procedures (Table 1). An Elipar S10 LED curing light
(3M ESPE Dental Products) was used to perform the
light-curing procedures, with a light power density of
1000 mW/cm2, which was examined regularly using a
Bluephase Meter II radiometer (Ivoclar Vivadent, NY,
USA). Afterward, all specimens were kept in distilled
water at 37°C for 24 hours and thermo-cycled for 5000
cycles in a thermocycling apparatus (Thermocycler
1100/1200; SD Mechatronik, Germany). 27Once the
thermocycling procedures were complete, storage of
specimens was done in artificial saliva at 37°C for 1
week. Subsequently, the specimens in the control (nonbleach) group underwent shear bond testing. For the
postoperative bleaching group, a carbamide peroxide
bleaching material (Opalescence PF 20%; Ultradent®
Products, Inc., South Jordan, UT, USA) was applied on
each specimen’s bond interface daily for 14 consecutive
days to simulate the home bleaching technique (Fig. 1B).
The bleaching gel was placed on the specimen each day
for 4 hours; the specimens were subsequently washed
under running water to remove the bleaching gel
completely, followed by storage in artificial saliva at 37°
C. After the 14-day bleaching treatment, the specimens
were subjected to shear bond testing.
The shear bond testing procedures were accomplished
using a universal testing machine (Instron 5965; Instron,
Norwood, MA, USA) and a load cell of 10 kN at a crosshead speed of 0.5 mm/min.
The failure modes of the debonded specimens
were analyzed using a digital microscope (KH-7700;
Hirox, Hackensack, NJ, USA) at 50× magnification. The
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Figs 1A and B: (A) The specimen after resin composite post fabrication; (B) The specimen after bleaching gel application
Table 1: Materials used in the study

Material

Manufacturer

Chemical composition

Application technique

Filtek
Z350 XT
Universal
nanocomposite resin

3M ESPE Dental
products, St.
Paul, MN, USA

Bis-GMA, UDMA, TEGDMA,
Bis-EMA,20 nm nanosilica,
zirconia/silica particles

Application of the resin composite and light curing
of each applied increment for20 s.

Opalescence PF
20%

Ultradent®
Products, Inc.,
S. South Jordan,
UT, USA

20% carbamide peroxide,
sodium fluoride, potassium
nitrate, glycerin, water (aqua),
silica, sorbitol, xylitol, flavor
(aroma), poloxamer, sodium
lauryl sulfate, carbomer, sodium
benzoate, sodium hydroxide,
sparkle, sucralose, xanthan gum

Application of the bleaching material 4h/d for 14
consecutive days to simulate home bleaching
procedure.

Ultra-etch acid etchant

Ultradent
Products Inc.,
South Jordan,
UT, USA

35% Phosphoric acid

Enamel is etched with the acid etchant for
15 s; rinsed and air dried to produce a frosty
appearance of enamel.

OptiBond Solo Plus
Used as
Total-etch (etch-andrinse technique)

Kerr, Orange,
CA, USA

Bis-GMA, HEMA, GPDM,
ethanol, barium, aluminium
borosilicate glass, fumed silica,
sodium hexafluorosilicate, photo
initiator

Enamel is etched with the acid etchant for 15 s;
rinsed and air dried to produce a frosty appearance
of enamel, then, the adhesive is applied, airthinned for 3 s, and light cured for 20 s.

Single Bond Universal

3M ESPE,
Seefeld,
Germany

MDP phosphate monomer,
dimethacrylate resins, HEMA,
Vitrebond copolymer, filler,
ethanol, water, initiators, silane

If it is used as etch-and-rinse technique, enamel is
etched with the acid etchant for 15 s; rinsed and air
dried to produce a frosty appearance of enamel,
then, the adhesive is applied, air-thinned for 5 s,
and light cured for 10 s.

Used as
Total-etch (etch-andrinse) and self-etch
techniques
Tetric N-Bond Universal
Used as
Total-etch (etch-andrinse) and self-etch
techniques

If it is used as self-etch technique, the adhesive is
applied directly without enamel etching technique.
IvoclarVivadent,
Schaan,
Liechtenstein

HEMA,D3MA,bis-GMA, MDP,
MCAP, ethanol, water, highly
dispersed silicon dioxide,
initiators and stabilisers

If it is used as etch-and-rinse technique, enamel is
etched with the acid etchant for 15 s; rinsed and air
dried to produce a frosty appearance of enamel,
then, the adhesive is applied, air-thinned for 5 s,
and light cured for 10 s.
If it is used as self-etch technique, the adhesive is
applied directly without enamel etching technique.

*Statistically significant difference

fractures were assigned to one of the following categories
based on the position of the fracture line: (a) Adhesive
failures:fractures positioned between the adhesive
material and enamel or between the adhesive material

and resin composite; (b) Cohesive failures:fractures
propagated through the substrates, i.e. enamel tooth tissue
or resin composite; or (c) Mixed failures: mixed modes
of fracture, including adhesive and cohesive fractures.
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Scanning electron microscope (SEM) (JSM-6360LV;
JEOL, Tokyo, Japan) was used to observe the bonding
interfaces of the resin composite posts, which were
bonded using the five dental adhesives, under different
enamel conditions (non-bleach and postoperative
bleaching) before shear bond strength testing at 100×
magnification. Before performing SEM, the specimens
were dried and sputter-coated with gold (Fine Coater
JFC-1200; JEOL).
The shear bond strength data were analyzed using
SPSS version 21.0(IBM Corporation, Armonk, NY).
The shear bond strength values are reported using
descriptive statistics [mean, standard deviation (SD)].
The mean shear bond strength values of the five adhesive
material subgroups within each of the two main groups
(non-bleach, postoperative bleaching) were compared
using one-way analysis of variance followed by Tukey’s
multiple comparison tests. Comparisons of the mean
shear bond strength values between the non-bleach
and postoperative bleaching groups for each adhesive
material were conducted using Student’s t-test. Statistical
significance was set at p ≤ 0.05.

RESULTS
The shear bond strength at the maximum load was
identified for the five different adhesive materials
(OB, SB-TE, SB-SE, TNB-TE, and TNB-SE) under each
of the two enamel conditions (control non-bleach and
postoperative bleaching groups). The descriptive statistics
(mean and SD) of the shear bond strength values are
presented in Table 2.

Table 2: Shear bond strength means and SDs among tested
adhesive materials in the two enamel conditions (control non-bleach
and postoperative bleaching groups) (MPa)
Group
Control group
(Non-bleach)

Post-bleach
group

Adhesive material
OB
SB-TE
SB-SE
TNB-TE
TNB-SE
Total
OB
SB-TE
SB-SE
TNB-TE
TNB-SE
Total

N
10
10
10
10
10
50
10
10
10
10
10
50

Mean
18.8939
27.4972
19.5030
28.7076
21.7400
23.2683
16.8282
24.4362
17.1534
26.7203
17.1640
20.4604

SD
1.13092
1.3534
1.4084
1.4222
1.5693
4.3269
1.9757
1.3874
1.8998
2.0998
1.4290
4.6134

Table 3: Comparison of mean shear bond strength values among
the tested adhesive materials in control group (MPa)
Type of
material
OB
SB-TE
SB-SE
TNB-TE
TNB-SE

Mean
18.8939
27.4972
19.5030
28.7076
21.7400

SD
1.1309
1.3534
1.4084
1.4222
1.5693

F-value p-value
108.45 <0.0001*

*Statistically significant difference

Within-group Comparisons
Control Group (non-bleach)
The mean shear bond strength values among the
tested adhesive materials (OB, SB-TE, SB-SE, TNB-TE,
and TNB-SE) in the control group (non-bleach) were
significantly different (F = 108.45, p <0.0001) (Table 3 and
Graph 1). Tukey’s multiple comparison tests between
different pairs of adhesive materials demonstrated that
the mean shear bond strength values of the TNB-TE
and SB-TE adhesives were significantly higher than
were those of the other three adhesives, whereas the
mean shear bond strength value of the OB adhesive was
significantly lower than were those of the other four
adhesives (Table 4). The mean shear bond strength values
of all adhesive material pairs were significantly different,
except for OB vs. SB-SE and SB-SE vs.TNB-SE, which were
not significantly different in terms of the mean shear bond
strength value (Table 4).

Postoperative Bleaching Group
The mean shear bond strength values among the tested
adhesive materials (OB, SB-TE, SB-SE, TNB-TE, and

Graph 1: Comparison of mean shear bond strength values
among the tested adhesive materials in control group (MPa)

TNB-SE) in the postoperative bleaching group were
significantly different (F = 70.791, p <0.0001) (Table 5 and
Graph 2). Tukey’s multiple comparison test between
different pairs of adhesive materials demonstrated that
the mean shear bond strength values of the TNB-TE and
SB-TE adhesives were significantly higher than were
those of the other three adhesives (OB, SB-SE, and TNBSE), whereas the mean shear bond strength values of
the OB, SB-SE, and TNB-SE adhesives were significantly
lower than were those of the TNB-TE and SB-TE adhesives
(Table 6). The mean shear bond strength values of all
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Table 4: Multiple comparison of mean shear bond strength values among the tested adhesive materials in control group [MPa]
(I) Material
OB

SB-TE

SB-SE

TNB-TE

TNB-SE

(J) Material
SB-TE
SB-SE
TNB-TE
TNB-SE
OB
SB-SE
TNB-TE
TNB-SE
OB
SB-TE
TNB-TE
TNB-SE
OB
SB-TE
SB-SE
TNB-SE
OB
SB-TE
SB-SE
TNB-TE

Mean difference (I-J)
-8.6032*
-.6090
-9.8136*
-2.8460*
8.6032*
7.9942*
-1.2104
5.7572*
.6090
-7.9942*
-9.2046*
-2.2370*
9.8136*
1.2104
9.2046*
6.9676*
2.8460*
-5.7572*
2.2370*
-6.9676*

p value
<0.0001
.861
<0.0001
<0.0001
<0.0001
<0.0001
.304
<0.0001
.861
<0.0001
<0.0001
.006
<0.0001
.304
<0.0001
<0.0001
<0.0001
<0.0001
.006
<0.0001

95% Confidence interval
Lower bound
Upper bound
-10.3621
-6.8442
-2.3679
1.1499
-11.5726
-8.0547
-4.6049
-1.0870
6.8442
10.3621
6.2352
9.7531
-2.9693
.5484
3.9982
7.5161
-1.1499
2.3679
-9.7531
-6.2352
-10.9635
-7.4457
-3.9959
-.4780
8.0547
11.5726
-.5484
2.9693
7.4457
10.9635
5.2087
8.7265
1.0870
4.6049
-7.5161
-3.9982
.4780
3.9959
-8.7265
-5.2087

*Statistically significant difference

Table 5: Comparison of mean shear bond strength values among
the tested adhesive materials in postoperative bleaching group
(MPa)
Type of material
OB
SB-TE
SB-SE
TNB-TE
TNB-SE

Mean
16.8282
24.4362
17.1534
26.7203
17.1640

SD
1.9757
1.3874
1.8998
2.0998
1.4290

F value
70.791

p value
<0.0001*

*Statistically significant difference

Graph 2: Comparison of mean shear bond strength values among
the tested adhesive materials in postoperative bleaching group
(MPa)

adhesive material pairs were significantly different except
for OB vs. SB-SE, OB vs. TNB-SE, and SB-SE vs. TNB-SE,
which were not significantly different in terms of the
mean shear bond strength value (Table 6).

Table 6: Multiple comparison of mean shear bond strength values
among the tested adhesive materials in the postoperative bleaching
group (MPa)

(I)
(J)
Material Material
OB
SB-TE
SB-SE
TNB-TE
TNB-SE
SB-TE OB
SB-SE
TNB-TE
TNB-SE
SB-SE OB
SB-TE
TNB-TE
TNB-SE
TNB-TE OB
SB-TE
SB-SE
TNB-SE
TNBOB
SE
SB-TE
SB-SE
TNB-TE

p value
<0.0001
.994
<0.0001
.993
<0.0001
<0.0001
.047
<0.0001
.994
<0.0001
<0.0001
1.000
<0.0001
.047
<0.0001
<0.0001
.993
<0.0001
1.000
<0.0001

95% Confidence
interval
Lower
Upper
bound
bound
-9.8733
-5.3426
-2.5904
1.9401
-12.1574 -7.6267
-2.6010
1.9295
5.3426
9.8733
5.0175
9.5481
-4.5494
-.0187
5.0069
9.5375
-1.9401
2.5904
-9.5481
-5.0175
-11.8322 -7.3015
-2.2759
2.2547
7.6267
12.1574
.01875
4.5494
7.3015
11.8322
7.2909
11.8216
-1.9295
2.6010
-9.5375
-5.0069
-2.2547
2.2759
-11.8216 -7.2909

*Statistically significant difference

Between-group Comparisons
Comparisons of the mean shear bond strength values
between the control and postoperative bleaching
groups for each tested adhesive material demonstrated
statistically significant differences; specifically, the mean
bond strength values of all five adhesives (OB, SB-TE,
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Mean
Difference
(I-J)
-7.6080*
-.3251
-9.8920*
-.33576
7.6080*
7.2828*
-2.2840*
7.2722*
.3251
-7.2828*
-9.5669*
-.01059
9.8920*
2.2840*
9.5669*
9.5563*
.3357
-7.2722*
.01059
-9.5563*
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Table 7: Comparison of mean shear bond strength values between
control non-bleach and post-bleach groups in each of the tested
adhesive materials [Mpa]
Group
Type of
Material
OB
SB-TE
SB-SE
TNB-TE
TNB-SE

Control
18.89
(1.13)
27.49
(1.35)
19.50
(1.40)
28.70
(1.42)
21.74
(1.57)

Postbleach
16.83
(1.97)
24.43
(1.39)
17.15
(1.89)
26.72
(2.09)
17.16
(1.42)

95%
Confidence
interval
of mean
Mean
difference
difference p value
(0.55,3.57)
0.010*
2.06
<0.0001* (1.77,4.35)
3.06
(0.78,3.92)
0.006*
2.35
(0.30,3.67)
0.023*
1.98
<0.0001* (3.16,5.99)
4.58

*Statistically significant difference

Table 8: Specimen numbers and percentages of each failure mode

Group
Control
nonbleach
group

Postbleach
group

SB-TE

Failure Modes
Adhesive
AE
AR
0
4
(40%)
0
0

SB-SE

0

TNB-TE

0

TNB-SE

0

OB

0

SB-TE

1
(10%)
6
(60%)
1
(10%)
3
(30%)

Adhesive
material
OB

SB-SE
TNB-TE
TNB-SE

Cohesive
CE
CR
0
0
0

3
0
(30%)
0
0
1
(10%)
8
(80%)
6
(60%)
2
(20%)
6
(60%)
7
(70%)

0
0
0
0
0
0

Mixed
6
(60%)
0
10
(100%)
0
7
(70%)
1
9
(10%) (90%)
0
9
(90%)
0
2
(20%)
1
2
(10%) (20%)
0
2
(20%)
0
3
(30%)
0
0

(AE) Adhesive failure between the adhesive and enamel
(AR) Adhesive failure between the adhesive and resin composite
(CE) Cohesive failure in enamel
(CR) Cohesive failure in resin composite

Graph 3: Comparison of mean shear bond strength values between
control non-bleach and post-bleach groups in each of the tested
adhesive materials (Mpa)

SB-SE, TNB-TE, and TNB-SE) were significantly lower in
the postoperative bleaching group than they were in the
control group (Table 7 and Graph 3). The mean difference
in the shear bond strength was higher when using the
TNB-SE adhesive, whereas the mean difference was lower
when using the TNB-TE adhesive (Table 7 and Graph 3).

Failure Analysis
Table 8 presents the failure mode of each tested adhesive.
The bleached specimens of all five tested adhesives
exhibited higher adhesive failure percentages than did
the corresponding unbleached specimens.

Scanning Electron Microscope Testing
The SEM analysis proved that the bond strengths of the
five dental adhesives were significantly affected by the
condition of the enamel. The SEM images demonstrated
good contact between the resin composite posts and the

unbleached specimens, along with well-defined and
distinct interfaces(Figs 2A, 3A, 4A, 5A, and 6A). The
bonded interface of the resin composite posts with the
same tested adhesives exhibited poor adaptation in the
bleached specimens, and gaps and irregular interface
margins were observed (Figs 2B, 3B, 4B, 5B, and 6B).

DISCUSSION
The current research tested the effect of postoperative
home bleaching using 20% carbamide peroxide on the
shear bond strengths of different adhesives to enamel.
The results showed that the bleaching procedure reduced
the mean bond strength values of all five tested dental
adhesives (OB, SB-TE, SB-SE, TNB-TE, and TNB-SE) and
reduced the stability of resin composite-enamel bonds.
Therefore, the main hypothesis of this study, stating that
bleaching with 20% carbamide peroxide would not reduce
the shear bond strength values of different adhesive
systems to enamel surface and would not affect the
stability of resin composite-enamel bonds, was rejected.
Since the introduction of dental bleaching, the use
of bleaching agents for whitening discolored teeth has
become more popular. In this study, the home bleaching
protocol was performed using 20% carbamide peroxide.3
This concentration was used because it is considered a
safe and effective home bleaching treatment.5 However,
dental bleaching agents must come in close contact with
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A

B

Figs 2A and B: Scanning electron microscope images (×100) of the bonding interface of resin composite post with OptiBond Solo Plus
under different enamel conditions: (A) Control non-bleach group; (B) Postoperative bleaching group

A

B

Figs 3A and B: Scanning electron microscope images (×100) of the bonding interface of resin composite post with Single Bond Universal
adhesive applied using total-etch technique under different enamel conditions: (A) Control non-bleach group; (B) Postoperative bleaching
group

A

B

Figs 4A and B: Scanning electron microscope images (×100) of the bonding interface of resin composite post with Single Bond Universal
adhesive applied using self-etch technique under different enamel conditions: (A) Control non-bleach group; (B) Postoperative bleaching
group
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A

B

Figs 5A and B: Scanning electron microscope images (×100) of the bonding interface of resin composite post with Tetric N-Bond
Universal adhesive applied using total-etch technique under different enamel conditions: (A) Control non-bleach group, (B) Postoperative
bleaching group

A

B

Figs 6A and B: Scanning electron microscope images (×100) of the bonding interface of resin composite post with Tetric N-Bond
Universal adhesive applied using self-etch technique under different enamel conditions: (A) Control non-bleach group; (B) Postoperative
bleaching group

the tooth surface and must penetrate and react with
the dental substrate. This reaction is not specific, and,
because bleaching products contact the teeth and dental
restorations for extended periods of time, especially
during home bleaching treatments, the bleaching
agents may cause undesirable effects on both the tooth
structure and restorative materials.4 The current study
demonstrated that bleaching significantly reduced the
shear bond strength values of the five tested adhesive
materials when compared with the values of the
unbleached specimens.
Universal adhesives are one of the most recent
innovations in adhesive dentistry. These products are also
called multi-mode or multi-purpose adhesives because
they can be applied using the TE or SE approach.28,29
A variety of studies have tested the bonding efficiency
of these materials on dental substrates, the results of
which suggest that the performance of these universal

adhesives is materialdependent.30-32 In the present study,
two universal adhesives were used, namely the SB and
TNB adhesives. Both adhesives were applied using
the TE and SE techniques. The results of the current
study revealed that the mean bond strength values
of TE adhesives (TNB-TE and SB-TE) on unbleached
enamel were significantly higher than were those of SE
adhesives (TNB-SE and SB-SE) and the OB adhesive,
with no significant differences in the bond strength
values between the TNB-TE and SB-TE adhesives or
between the OB and SB-SE adhesives. These results
agree with those of many previous studies reporting
that stable resin composite bonding to enamel was
achieved using etch-and-rinse adhesives and less stable
resin composite bonding to enamel attained with selfetch ones.19,33-36However, in contrast to our study, other
studies did not identify a difference in the bond strength
to enamel between TE and SE adhesives.37-39The findings
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of the current study can be attributed to the unique
chemical composition of universal adhesives and the
use of the TE technique. When using the SB adhesive,
chemical bonding is achieved between the acidic
methacryloyloxydecyl dihydrogen phosphate (MDP)
and enamel, which permits the formation of stable and
durable interfaces, good mechanical properties, and an
improved rate of conversion of its hydrophobic resin.40,41
Therefore, the presence of MDP in the SBadhesive may
underlie the higher associated bond strength.42The
chemical composition of TNB is based on a combination
of hydrophilic hydroxyethyl methacrylate (HEMA),
hydrophobic decanediol dimethacrylate (D3MA),
intermediate bisphenol A glycidyl methacrylate (bisGMA)monomers, MDP, and methacrylated carboxylic
acid polymer (MCAP).42 This combination of properties
permits the TNB adhesive to dependably bridge the
gap between the hydrophilic tooth structure and the
hydrophobic restorative resin material under various
surface conditions.42 Moreover, both universal adhesives
showed better bond strengths when the enamel surface
was pre-treated with phosphoric acid. This finding agrees
with the findings of many previous studies showing
that applying acid etch in conjunction with SE adhesive
systems, mainly in the enamel, is important.30,31,43-46 The
bond strength relies mainly on the adhesive’s capability
to demineralize the smear layer and the underlying
tooth structure.47 Both the TNB-TE and SB-TE adhesives
showed high bond strength values to unbleached
and bleached enamel, likely owing to properly etched
enamel surfaces and to the many micro-retentions that
are achieved with phosphoric acid etching. Phosphoric
acid pre-treatment increases the enamel roughness and
removes the superficial layer of enamel, and as such, the
enamel is more receptive to the SE systems, which are
usually less capable than TE systems of dissolving the
smear layer and etching the enamel surface.48 Therefore,
both of the universal adhesives evaluated in this study
(SB and TNB) exhibited high bond strength values to
unbleached and bleached enamel when applied using
TE technique.
Here, the bond strength values for the OB adhesive
were not significantly different from those for the SB-SE
adhesive in the control (non-bleach) and postoperative
bleaching groups. This finding was consistent with those
of another study, which reported similar bond strength
values for the OB and SB-SE adhesives to bleached
enamel.17
In general, the SEM analysis displayed good contact
between the resin composite posts and the unbleached
control specimens, along with well-defined and distinct
interfaces, for all five tested dental adhesives. The major
failure mode for all of the tested adhesives in the control

group was the mixed type. Both SEM testing and failure
analysis findings for the control group can be attributed
to the stable and reliable bond strength of the tested
adhesives, especially TNB-TE and SB-TE.
All of the tested adhesives in this study, including
the TE adhesives, exhibited lower mean shear bond
strength values to enamel in the bleached vs.unbleached
specimens, particularly theSE adhesives. This is in
accordance with the results of other studies that
reported a significant decrease in bond strength values
of both TE and SE adhesives following bleaching
procedures.18,19 These findings can be explained
by the fact that peroxide radicals in the bleaching
materials usually penetrate the bonded interface
margins, resulting in deteriorated adhesive joints and
unpredictable bond strengths to enamel, especially
with SE adhesives with no pre-existing stable adhesive
bond strength. This detrimental effect of peroxide
radicals on adhesive bonds is reported to increase with
higher concentrations of carbamide peroxide.18 On the
other hand, the results of the current study disagree
with the results of other studies demonstrating that
bleaching treatment significantly decreased the bond
strength values of SE adhesives but not of TE adhesives
to enamel.17,20 The discrepant results might be explained
by the use of higher concentration of bleaching material
in the current and the other consistent studies which
could have caused damaging effects on both TE and SE
adhesives, particularly on the SE adhesives.18,19
The effects of bleaching were confirmed in the SEM
analysis, as the bonded interface of the resin composite
posts exhibited poor adaptation with all tested adhesives
in the bleached vs. unbleached specimens, and gaps and
irregular interface margins were observed in the bleached
specimens. The major failure mode in the postoperative
bleaching group for all tested adhesives was an adhesive
failure. Both SEM testing and failure analysis findings
for the postoperative group indicated that the bonded
interface was the weakened zone of the adhesive bond
and was the most vulnerable to deterioration by the
bleaching process.

CONCLUSION
Higher concentration of bleaching agents may significantly
deteriorate the bond strength of resin composite
restorations; therefore, using a lower concentration of
these agents might guarantee less detrimental effects on
the adhesive joints.
The stability of bonded resin composite restorations
to enamel, using different dental adhesives, could be
compromised after the bleaching procedure at varying
sensitivity levels.
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It is advisable to pre-treat the enamel with phosphoric
acid etching when using SE adhesives to ensure better
bond strength values.
Further investigations are needed to confirm the
results obtained from this research and to test the bond
strength of other adhesives following dental bleaching.

CLINICAL SIGNIFICANCE
Replacement of bonded resin composite restorations to
enamel might be considered after bleaching procedures,
especially if these restorations were previously bonded
with SE adhesives.
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