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Adhesive systems are important for the success 
of minimally invasive dentistry, given that superior 
performance in the maintenance and seal of the 
restorations is essential for the longevity of the res-
toration process. Two categories of adhesive sys-
tems are currently used in dentistry: total-etching 
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or etch-and-rinse adhesives and self-etching ad-
hesive systems. Etch-and-rinse adhesive systems 
require previous acid etching of the surface, which 
creates micro-retentions that permits the micro-
mechanical interlocking of the adhesive system 
to the dental substrate.1 On the other hand, self-
etching adhesive systems include a primer that 
performs the surface conditioning with concomi-
tant monomer infiltration, promoting the formation 
of the hybrid layer.1

However, the effectiveness and longevity of the 
bonding to the dental substrate is influenced not 
only by the adhesive system used, but also by the 
moisture of the substrate2 and type of surface on 
which the adhesive procedure is executed.3-5

Even with adequate bond strength to the den-
tin,6-9 the results of self-etching systems on enamel 
are still inferior to those obtained through etch-
and-rinse adhesives.10,11 Numerous researchers 
have evaluated the bond strength of self-etching 
adhesives subsequent to the acid etching of the 
enamel surface and highlighted the inefficiency of 
this method in increasing bond strength values.12-14 
However, most of the studies evaluate the vestibu-
lar and/or lingual enamel, not the adhesion of the 
self-etching systems to the cavosurface enamel, 
which is an important region in the seal and clinical 
success of Class I and II restorations.

Therefore, the objectives of the present study 
were: (1) to evaluate the bond strength of a etch-
and-rinse and a self-etching adhesive system to 
the cavosurface enamel; (2) to investigate the influ-
ence of acid etching prior to the application of the 
self-etching adhesive on bond strength values; (3) 
to examine the substrate's morphology after dif-
ferent etching protocols, with the use of a scanning 
electron microscope (SEM). The first null hypoth-
esis of the present study was that all the adhesive 
systems would show similar bond strengths, re-
gardless of the conditioning type of the cavosurface 
enamel. The second null hypothesis was that the 
morphological characteristics of the conditioned 
region would not differ.

MATERIALS AND METHODS
After obtaining approval to conduct the present 

study from the Commission for Ethics (#105/2007), 
24 freshly extracted human third molars were 
stored in thymol solution 0.1%. The teeth were 
cleaned, and one section was done on mesio-distal 

direction, resulting in two halves. The specimens 
presented the cavosurface enamel exposition simi-
lar to that which is obtained in Class I restorations. 
This surface was ground flat with 600-grit alumi-
num oxide papers (Arotec Ind. Com. Ltd., Cotia, SP, 
Brazil) under constant water cooling to promote 
smear layer compatibility with the clinical situa-
tion. After the confection of the samples, they were 
randomly divided into three groups (n=12). 

Group 1 (Control Group): Acid etching with 35% 
phosphoric acid (Scotchbond, 3M ESPE, St. Paul, 
MN, EUA) for 15 s. Then, the surfaces were washed 
with distilled water for 15 s and air dried. The etch-
and-rinse adhesive system was subsequently ap-
plied (Adper Single Bond 2 Plus, 3M ESPE, St. Paul, 
MN, EUA) according to the manufacturer’s instruc-
tions and light cured for 10 s.

Group 2: Self-etching adhesive (Clearfil SE Bond, 
Kuraray Medical, Osaka, Japan) was used accord-
ing the manufacturer’s instructions. The samples 
were prepared through the following steps: appli-
cation of the primer agent, airflow gently for 20 s, 
bond application, airflow gently for 20 s, and light 
cured for 10 s. 

Group 3: The samples were prepared through 
the following steps: acid etching with 35% phos-
phoric acid  of the cavosurface enamel for 15 s, 
washed with distilled water for 15 s, and air dried. 
Then, the application of the self-etching adhesive 
(Clearfil SE Bond) was carried out using a similar 
procedure to group 2.

After the adhesive protocol respective to each 
group, four molds with a cylinder shape (0.75 mm 
diameter, 1 mm height) were positioned on the ca-
vosurface enamel, filled with a flow composite res-
in (Opallis Flow; FGM, Joinvile, SC, Brazil), and light 
cured for 40 s. This composite resin was used due 
to its lower viscosity, facilitating the insertion of the 
material on the molds.

For the polymerization process, was standard-
ized a 1 mm distance between the tip of the light 
source and dentin. Both adhesive systems and the 
composite resin were light cured with a halogen 
lamp device (Optilux 501, Sybron Kerr, Danbury, CT, 
USA). The device’s irradiance was constantly moni-
tored and remained around 600 mW/cm2. After the 
confection of the cylinders, the specimens were an-
alyzed with a stereomicroscope (×20 magnification, 
Meiji 200, Meiji Techno, Tokyo, Japan) to observe 
the integrity of the teeth-restoration interface.
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After 24 hours, the specimens were fixed to a 
micro-shear device adapted to a load testing ma-
chine (EMIC DL 500, EMIC Equipamentos e Siste-
mas de Ensaio Ltda, São José dos Pinhais, SC, Bra-
zil.). A thin wire (0.3 mm thickness) was also looped 
around the interface between the tooth and resin 
composite. The shear force was then applied at a 
cross-head speed of 0.5 mm/minute until debond-
ing. The values were obtained in KgF and were 
converted in MPa, which involved dividing the force 
(KgF) by the adhesive interface (cm2).

The normality of the data was evaluated by Sha-
piro-Wilk and Kolmogorov-Smirnov tests. In addi-
tion, a one-way analysis of variance (ANOVA) was 
performed to compare the experimental and con-
trol group. Finally, a Tukey post-hoc test was con-
ducted for multiple pairwise comparisons (α=.05).

Morphological analysis of the cavosurface 
enamel on SEM

Four specimens for each group were observed 
in an SEM for the morphology analysis of the ca-
vosurface enamel submitted to different surface 

treatments. The teeth were prepared in a similar 
way as in the adhesive procedure. The etching with 
35% phosphoric acid of the enamel was performed 
by 15 s. Then, the surface was washed for 15 s and 
air dried. In group 2, the primer was applied ac-
cording to the manufacturer’s instructions. It was 
removed after 20 s and washed with ethanol and 
acetone for 10 s in each solution, alternating the 
solutions for 1 min. In group 3, the acid etching was 
performed for 15 s prior to the application of the 
primer. In addition, the surface was washed for 15 
s and air dried. Finally, the primer was applied and 
removed in the same way as in group 2.

All specimens were submitted to dehydration 
in ascending concentrations of ethanol (30%, 50%, 
70%, 90%, and 100%). The samples were subse-
quently gold sputtered (Desk II, Denton Vacuun Inc., 
NJ, USA) and analyzed using an SEM (JSM – 5600 
– JEOL USA, Inc., Peabody, MA, USA). The etching 
pattern was performed with a descriptive analysis 
related to the morphologic characteristics. 

Figure 1. View of grounded cavosurface enamel without acid etching. (A ×1000; B 

×3000).

Figure 2. Cavosurface enamel after acid-etch with 35% phosphoric acid. Note the 

demineralization of the central region of the prisms (A ×1000; B ×3000).
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RESULTS
Microshear Bond Strength
The results collected regarding bond strength 

obtained through the microshear test are present-
ed in Table 1. The group in which the self-etching 
adhesive method was used presented statistically 
similar results to the group in which the adhesive 
procedure using the etch-and-rinse adhesive sys-
tem was performed. When the etching with 35% 
phosphoric acid was carried out prior to the ap-
plication of the self-etching adhesive system, the 
bond strength was significantly greater than the 
other groups.

Analysis of the morphology of the conditioned 
surface through SEM

When a cavosurface region without conditioning 

was observed, the surface appeared smooth, with-
out any possibility of visualization of the enamel 
prisms constituting the region (Figures 1a and 1b). 
However, when this surface was etched with 35% 
phosphoric acid for 15 s, the presence of the enam-
el prisms was noted in the longitudinal cut with the 
etching of the whole central region of the prisms 
and slight etching of the peripheral region (Figures 
2a and 2b).

When only the application of the self-etching 
primer was performed, the surface enamel ap-
peared slightly etched, with removal of the smear 
layer, presence of the outline of enamel prisms and 
absence of exposure of the enamel crystals (Fig-
ures 3a and 3b). The etching with the use of 35% 
phosphoric acid and the subsequent application 
of the self-etching primer developed an extensive 

Figure 3. Cavosurface enamel etched only with the primer of the self-etching ad-

hesive. Note the slight etching, with only remove of the smear layer, and discrete 

delimitation of the enamel prisms (A ×1000; B ×3000).

Figure 4. Enamel etched with the combination of the treatments: 15 s of phosphoric 

acid  and  20 s of self-etching primer. Note the demineralization of both central and 

peripheral region of the prisms. (A ×1000; B ×3000).

Treatment Means ± SD  

Single Bond 2 14,84 ± 4,49 b

Clearfil SE Bond 14,85 ± 4,57 b

Etching with phosphoric acid 35% + Clearfil SE 18,63 ± 4,93 a

Table 1. Means (MPa) and standard deviations of experimental groups.

Means followed by distinct letters are significantly different (P=.026).
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etching of the surface, with exposure of not only 
the enamel crystals, but also their peripheral area 
(Figures 4a and 4b).

DISCUSSION
Due to the group with the double etching (35% 

phosphoric acid by 15s and primer application) 
presents the better values on the bond strength, the 
first hypothesis of the present study was rejected.

Through the morphological analysis of the 
etched enamel, it was noted that the deminer-
alization of the central region of the prisms (Fig-
ures 2a and 2b) in the specimens etched with 35% 
phosphoric acid was more expressed than the one 
found when only the primer of the adhesive sys-
tem Clearfil SE Bond was applied (Figures 3a and 
3b). Regardless, the results for both groups were 
statistically similar, which is inconsistent with the 
findings of other researchers.12,14,15 This can be ex-
plained by the use of different methodologies as 
well as the region evaluated. In several studies, the 
bond strength was assessed in the vestibular and 
lingual region of the teeth,12,13,16 with a different ori-
entation of the prisms, which could have influenced 
the retention of the various adhesive systems. In 
the vestibular regions, the enamel prisms are con-
ditioned in a sagital way, which can influence the 
demineralization by the self-etching adhesive sys-
tem primer and the monomer infiltration.17 

Another factor that can explain the differences 
between the results obtained in this study with the 
others involves the presence of aprismatic enamel 
on vestibular or lingual surfaces, and absents on 
cavosurface enamel. The aprismatic enamel cre-
ates greater resistance to acid etching, which can 
interfere in the bond of the self-etching adhesive 
systems, decreasing their effectiveness.18

Despite the lower level of enamel etching asso-
ciated with the self-etching adhesive primer used in 
the study, this etching pattern was able to produces 
bond strength values similar to those obtained with 
the etch-and-rinse adhesive system. This finding 
can be attributed to the intra-substrate differences 
presented by the dental enamel, like presence or 
absences of aprismatic enamel, or orientation of 
the prisms. The absence of aprismatic enamel and 
the prisms in a longitudinal way can favor the bond-
ing of the self-etching systems to the cavosurface 
region, due to this surface be more susceptible to 
etching.

When the groups with etch-and-rinse or primer 
only were compared to the group with both methods, 
different characteristics of etching was observed. 
On the cavosurface enamel etched with 35% phos-
phoric acid, a demineralization of the central region 
of the prisms known as type-1 conditioning19 was 
obtained. The self-etching system allowed a slight 
conditioning, with a withdrawal of the smear layer 
and negligible increase of the visible roughness. 
When both etching types were used, one following 
the other, on the same surface, a demineralization 
of their peripheral area (Figures 4a and 4b) apart 
from the etching of the central region of the prisms 
occurred. This conditioning type called type A20 is 
considered to be ideal. 

Another factor that may have impacted the in-
crease of the bond strength of the double etching 
group is the primer application. It not only led to an 
increasing of etching after the phosphoric acid ap-
plication, but also facilitated the hydrophobic resin 
infiltration on the etched enamel. Consequently, it 
increased the mechanical interaction and the bond 
strength of the adhesive. The effectiveness of the 
self-etching primer in increasing the bond strength 
to the surface enamel is related to the fact that 
most of this etched region consists of the inter-
prismatic region, which presents a deeper etching, 
increasing the interlocking of the adhesive system.

The self-etch adhesive used in this study is a 
two-bottle system. After the phosphoric acid etch-
ing and primer application, a hydrophobic resin 
solvent-free is applied at the surface. The better 
properties of the solvent-free adhesives,21,22 allied 
with the etching pattern obtained on the group with 
the two types of acid etching, can be responsible for 
the obtained results.

In light of the different etching patterns imposed 
by the superficial treatments performed in the 
present study and confirmed by the images in the 
SEM, the second hypothesis of the study was re-
jected. It should be noted that it is not the objective 
of the authors of the present study to compare the 
results of different studies to show the minimum 
bond strength of the self-etching system on the 
enamel, despite previous conditioning, to advocate 
for the use of this an adhesive in all situations. On 
the contrary, in cases involving the bonding of the 
resin-based composites to the vestibular and/or 
lingual-palatal regions of the teeth, the use of this 
procedure must be avoided due to the lower bond 
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strength of the self-etching systems, even with the 
previous acid application, to the enamel of these 
regions.12-16 However, on restorations that involve 
the occlusal and/or proximal regions of the poste-
rior teeth, the self-etching adhesive system can be 
used, with previous etching of the cavosurface pro-
moting an efficient bond between adhesive system/
substrate. 

CONCLUSIONS
Based on the findings of this study, it can be 

concluded that: 
• In the cavosurface region, the evaluated self-

etching system produced bond strength values 
similar to those obtained with the etch-and-rinse 
adhesive system.

• When the cavosurface enamel was previously 
conditioned to the application of the self-etching 
adhesive system, the results of the bond strength 
were statistically superior to those observed in the 
other experimental groups. 
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