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ABSTRACT

Introduction: The adhesive systems and the techniques cur-
rently used are designed to provide a more effective adhesion 
with reduction of the protocol application. The objective of this 
study was to evaluate the bond strength of universal adhesive 
systems on enamel in different etching modes (self-etch and 
total etch).

Materials and methods: The mesial and distal halves of 52 
bovine incisors, healthy, freshly extracted, were used and 
divided into seven experimental groups (n = 13). The enamel 
was treated in accordance with the following experimental 
conditions: FUE-Universal System – Futurabond U (VOCO) 
with etching; FUWE – Futurabond U (VOCO) without etching; 
SB-Total Etch System – Single Bond 2 (3M); SBUE-Universal 
System – Single Bond Universal (3M ESPE) with etching; 
SBUWE – Single Bond Universal (3M ESPE) without etching; 
CLE-Self-etch System – Clearfil SE Bond (Kuraray) was applied 
with etching; CLWE – Clearfil SE Bond (Kuraray) without 
etching. The specimens were made using the composite spec-
trum TPH (Dentsply) and stored in distilled water (37 ± 1°C) for  
1 month. The microshear test was performed using the universal 
testing machine EMIC DL 2000 with the crosshead speed of 
0.5 mm/minute. The bond strength values were analyzed using 
statistical tests (Kruskal–Wallis test and Mann–Whitney test) 
with Bonferroni correction.
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Results: There was no statistically significant difference 
between groups (p < 0.05), where FUE (36.83 ± 4.9 MPa) showed 
the highest bond strength values and SBUWE (18.40 ± 2.2 MPa) 
showed the lowest bond strength values. The analysis of adhe-
sive interface revealed that most failures occurred between the 
interface composite resin and adhesive.

Conclusion: The universal adhesive system used in dental 
enamel varies according to the trademark, and the previous 
enamel etching for universal systems and the self-etch both 
induced greater bond strength values.

Clinical significance: Selective enamel etching prior to the 
application of a universal adhesive system is a relevant strategy 
for better performance bonding.
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INTRODUCTION

The simplification of procedures performed daily in 
dental practice is a great gain for dentists. Thus, the 
adhesive systems and the techniques currently used are 
designed to provide a more effective adhesion with reduc-
tion of the protocol application.1 Thus, the introduction of 
new materials and changes in the chemical composition 
can lead to an improvement in the quality of adhesion.

Etch-and-rinse and the total-etch techniques are 
applied through the full conditioning of dental substrate 
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with phosphoric acid followed by the application of primer 
and bond, which can be presented in a single or in separate 
bottles.2 The self-etching systems are relevant because of 
the convenience, simplicity, and time saving by eliminat-
ing the need for acid etching before its application.3

When phosphoric acid is used, a pattern more remark-
able and retentive is found in enamel. The use of total-etch 
adhesive systems is usually preferred for indirect restora-
tions or when there is the presence of large areas of enamel.4 
In dentin, it is observed that the use of 37% phosphoric acid, 
in some cases, may promote excessive demineralization by 
avoiding proper infiltration and impregnation of resin in 
the collagen fibers,5 compromising, therefore, the union, 
unlike what happens when self-etch adhesives are used.6 
However, enamel etching seems to promote the best  
adhesion results for the self-etch adhesive systems.7

Considering the number of clinical steps, a more 
versatile adhesive system has been developed that can be 
used as etch-and-rinse (two steps) or self-etch (one or two 
steps) mode. These new materials are “multipurpose,” 
“multimode,” or “universal” adhesives.8 Currently, 
studies9,10 are being conducted in order to verify the 
applicability and efficiency of these materials on dental 
substrates, and some results have shown that the univer-
sal systems seem to be material dependent.8 Some results 
seem to indicate that this new category of adhesives when 
used in the dentin, with or without etching, presents 
lower bond strength values, nanoleakage, and degree of 
conversion when compared with self-etch and the already 
established total-etch adhesive systems.8

However, the effectiveness of multipurpose or univer-
sal adhesives in dental enamel is a factor that deserves to 
be studied, once adhesive systems are tested in vitro and 
compared with the results and parameters previously 
established before being used in the patient.11

According to the questions raised as well as the need 
for a study that improves its use in daily clinical prac-
tice, the objective of this study was to evaluate the bond 
strength of different universal adhesive systems with or 
without enamel pretreatment with 37% phosphoric acid, 
comparing them with total-etch and self-etch systems. The 
null hypothesis in this study is that there is no statistically 
significant difference in bond strength with or without 
enamel etching and between the tested adhesive systems 
(etch-and-rinse, self-etching, and multipurpose systems).

MATERIALS AND METHODS

A total of 52 healthy, freshly extracted, bovine incisors 
were employed and stored in distilled water. The teeth 
were sectioned at the cervical third with carborundum 
disk, and the roots were discarted. This study was 
approved by the Ethics Committee on Animal Use – 
CEUA UNICEUMA, number 09/2013.

The coronal pulp was removed by the aid of dentin 
curette (Duflex Lucas #86, SS White, Rio de Janeiro, 
RJ, Brazil) and endodontic files of type Kerr, and pulp 
chamber was irrigated with distilled water and dried with 
brief jets of air. The pulp chamber was obliterated with 
wax (Epoxiglass Ind Com, Diadema, São Paulo, Brazil) to 
prevent the penetration of acrylic resin. The bovine teeth 
were divided into mesial and distal part, so each adhesive 
system applied with or without acid etching was applied 
to one of these parts of the same tooth. Seven experimental 
groups with 13 samples each were formed. The specimens 
were placed in polyvinyl chloride pipe for embedding in 
acrylic resin (Jet-classical, São Paulo, São Paulo, Brazil) in 
order to allow the correct positioning of dental crowns for 
making the samples with composite resin. These samples 
were attached to a walrus that allowed the positioning of 
the vestibular crowns parallel to the microshear device.

Adhesive systems, following the specifications indi-
cated by the manufacturer (Table 1), were used. The 
groups were divided according to the type of adhesive 
treatment performed: FUE-System Universal – Futurabond 
U (VOCO) with acid etching; FUWE – Futurabond U 
(VOCO) without etching; SB-Total etch system – Single 
Bond 2 (3M/ESPE); SBUE-Universal System – Universal 
Single Bond (3M/ESPE) with acid etching; SBUWE – 
Single Bond Universal (3M/ESPE) without etching; CLE-
Self etch system – Clearfil SE Bond (KURARAY) with 
acid etching; CLWE-Self etch system – Clearfil SE Bond 
(KURARAY) without etching.

The specimens of the FUE, SBUE, and CLE groups 
were prepared at the mesial part of the teeth and those 
of FUWE, SBUWE, and CLWE groups were made in  
the distal part. The SB group was a control group, where 
the specimens were randomly manufactured using  
the mesial and distal halves. The buccal surfaces of the 
teeth were smoothed with grit paper 220 for 5 seconds, 
and then prophylaxis was performed with a mixture 
of pumice and water, applied with Robson brush for  
10 seconds; for every 10 applications the brush was 
replaced. The FUE in groups SB, SBUE, and CLE was held 
in the third middle of the etching of the enamel surface 
using 37% phosphoric acid for 30 seconds and removed 
with water for the same period. The FUWE groups 
SBUWE and CLWE did not receive previous treatment 
with phosphoric acid.

The adhesive systems were light cured for 20 seconds 
with the aid of Optilux 501 (Demetron®) apparatus at a light 
intensity of 600 mW/cm2. Plastic tubes (TYGON®54-HL 
Medical Tubing, Saint Gobain, Akron, OH, USA) with an 
internal diameter of 0.4 mm were placed on the enamel 
surface. The resin microhybrid composite TPH (Dentsply, 
Petrópolis, RJ, Brazil) was inserted into the tube and photo-
polymerization resin increment consisting of 40 seconds 
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at a light intensity of 600 mW/cm2 was held for a total of 
four composite restorations per sample. All samples were 
stored in distilled water at 37°C for 24 hours. After this 
period, the tubes were removed carefully with the aid of 
a no. 11 scalpel blade.

For microshear test, samples were placed in a metal 
base, and a stainless steel wire (Morelli Ortodontia, São 
Paulo, Brazil) with 0.2 mm diameter was placed around 
the resin cylinder, in line with the adhesive bonding 
interface, allowing the stay force vector parallel to the 
sample surface. The test was conducted in the univer-
sal testing machine EMIC (DL2000) with the speed of 
0.5 mm/minute until its fracture. The average value of 
fracture of the four composite resin cylinders was used 
as the sample value of fracture.

The results were evaluated and statistically analyzed 
using Kruskal–Wallis and Mann–Whitney statistical 
tests followed by Bonferroni correction. After the bond 
strength tests, buccal surface through images evaluated 
in stereomicroscope (u Eye®, Germany) was analyzed. 
The type of fracture that occurred in the rupture area 
between the enamel and the composite was determined 
according to the scores indicated in Table 2. The kappa 

test was applied among the two evaluators and adequate 
reliability coefficient (0.59) was considered.

RESULTS

Descriptive statistics of the different experimental groups 
is presented in Table 3, along with the minimum and 
maximum bond strength.

The Kruskal–Wallis statistical test showed significant 
statistical differences among the treated groups (p < 0.05). 
Mann–Whitney post hoc test identified that the groups that 
have been conditioned with acid obtained higher bond 
strength than the untreated group. It was also observed 
that the FUE group obtained the highest bond strength 
than other groups, while FUWE showed bond strength 
equivalent to that of other groups (Graph 1).

After the bond strength verification, there was a 
predominance of adhesive failures between the com-
posite resin and adhesive (score 1). There was no enamel 

Table 1: General information about the tested adhesive systems

Material Composition Form of application
Futurabond U 
(VOCO, Cuxhaven, 
Germany)

Liquid 1: DMAs, fumed silica, acid-modified  
methacrylates (MDP), camphorquinone, BHT, UDMA
Liquid 2: Ethanol, water, DC catalyst

1  Mix the liquids contained in the blister.
2  Single application, active frictional manner with the 

aid of microbrush for 20 seconds.
3  Light curing for 20 seconds.

Adper Single Bond 
Universal (3M/
ESPE, St. Paul, 
MN, Estados 
Unidos)

Bis-GMA, HEMA, decamethylene DMA, ethanol,  
water, silane-treated silica, 2-propenoic acid,  
−methyl-, reaction products with 1,10-decanediol and 
phosphorous oxide, copolymer of acrylic and itaconic 
acid, dimethylaminobenzoate(-4), camphorquinone, 
(dimethylamino)ethyl methacrylate, methyl ethyl ketone

1  Single application, active frictional manner with the 
aid of microbrush for 15 seconds.

2  Light curing for 20 seconds.

Adper Single Bond 
2 (3M/ESPE, St. 
Paul, MN, USA)

Bis-GMA, HEMA, DMAs, ethanol, water, a new 
photoinitiator system with functional polymer 
methacrylate, and polyacrylic acids

1  Acid conditioning for 30 seconds.
2  Acid removal with water for 30 seconds.
3  Enamel drying with compressed air for 10 seconds.
4  Application of the only actively frictional adhesive 

with the aid of microbrush for 15 seconds.
5  Light curing for 20 seconds.

Clearfil (KURARAY, 
Sakazu, Kurashiki, 
Okayama, Japan)

Primer: HEMA, MDP, hydrophilic DMA, water,  
ethanol, dl-camphorquinone, N,N-diethanol-p-toluidine; 
Adhesive: HEMA, MDP, Bis-GMA, hydrophilic DMA,  
dl-camphorquinone, N,N-diethanol-p-toluidine,  
silanized colloidal silica

1  Application of frictional mode active primer with the 
help of microbrush for 20 seconds.

2  Take air jet to the back.
3  Active bond application with the aid of microbrush 

for 20 seconds.
4  Light curing for 20 seconds.

UDMA: Urethane dimethacrylate; Bis-GMA: Bisphenol-A diglycidyl ether dimethacrylate; DMA: Dimethacrylate; HEMA: Hydroxyethyl 
methacrylate

Table 2: Type of fracture after samples shear

Score Fracture type
1 Adhesive fracture–resin interface composite/adhesive
2 Cohesive fracture in enamel
3 Cohesive fracture in composite
4 Mixed fracture–composite/enamel/adhesive

Table 3: Mean (standard deviation, SD), maximum and 
minimum values of bond strength

Experimental 
groups

MPa
n Mean (SD) Max Min IC

FUE 13 36.83 (4.9)a 43.6 28.0 33.81–39.85
FUWE 13 28.43 (1.9)b 31.3 24.0 27.26–29.60
SB 13 28.12 (3.1)b 35.0 24.0 26.22–30.02
SBUE 13 30.33 (3.3)b 39.0 26.0 28.31–32.36
SBUWE 13 18.40 (2.2)c 23.3 16.0 17.02–19.79
CLE 13 27.85 (4.7)b 35.3 22.0 24.99–30.71
CLWE 13 23.73 (3.5)c 28.5 19.0 21.57–25.88
*Different letters indicate statistically significant difference (p<0.05)



Influence of Different Etching Modes on Bond Strength to Enamel using Universal Adhesive Systems

The Journal of Contemporary Dental Practice, October 2016;17(10):820-825 823

JCDP

cohesive fracture (score 2) (Table 4). The reliability of the 
evaluation scores of the types of interrater fractures was 
assessed using the kappa coefficient (0.59), which was 
presented with an appropriate degree of evaluation of 
the agreement.

DISCUSSION

The use of total-etching adhesive systems has been effec-
tive and lasting for adhesion on dental enamel.7 However, 
with the development and incorporation of new materi-
als and restorative techniques, it is necessary to carry 
out studies in order to validate the application of these 
materials in practice. In this study, it was observed that 
the total etching promoted an increase in bond strength 
before the use of evaluated adhesive systems. The uni-
versal adhesive system (SBU) had a behavior similar to 
self-etching (CL), and the universal multipurpose adhe-
sive FU showed high bond strength values. Thus, the null 
hypothesis was rejected.

Bovine teeth were used because it is known that they 
are a viable alternative to carry out studies in vitro.12,13 
Due to the difficulty in obtaining human teeth, this 
substitution has been viable as they present micromor-
phological characteristics similar to human teeth.14 The 
microshear test was performed in this study as it is a suit-
able means for measuring the bond strength of adhesive 
restorations, allows better analysis, and promotes a better 
stress distribution on the surface of samples.15

To study the bond strength of different adhesive 
systems, the adhesive system was applied actively and 
vigorously,10 since better adhesion results are obtained 
immediately or long-term.

The bond strength results found for the conventional 
adhesive system, the total-etch SB (28.12 ± 3.1 MPa), were 
almost similar to those already found in the literature.16 

The self-etch adhesive and multipurpose systems pre-
sented greater values of bond strength when enamel acid 
etching was performed, corroborating the literature and 
the manufacturer’s recommendations.7,17 The pretreat-
ment of the enamel with phosphoric acid increases the 
bond strength9,18and results in the formation of longer 
resin tags and greater depth of penetration of the intact 
enamel adhesive.18 However, the depth of penetration 
of the adhesive does not necessarily predict increased 
bond strength.11

According to Borges et al,19 self-etch adhesive systems 
associated with the prior acid etching of the CLE enamel 
(27.85 ± 4.7) bond strength values are similar to the 
group treated with the conventional total-etch system. 
Self-etch systems are composed of weaker acidic mono-
mers when compared with phosphoric acid; thus, the 
interprismatic enamel decalcifies up selectively, not 
promoting an improvement in the bond strength.17 The 
self-etch Clearfil SE adhesive has in its composition 
10-metacriloiloxidecil dihydrogen phosphate (10-MDP), 
which is a monomer of functional phosphate ester. The 
phosphate group has the potential to interact with the 
hydroxyapatite, and it is able to form strong ionic bonds 
with calcium due to relatively low calcium dissolution 
rate that contributes significantly to the durability of the 
restorations.20,21

The evolution of self-etch systems made possible 
the development of universal adhesive systems, which 
in addition to other components also has the 10-MDP 
molecule. Thus, the coupling mechanism occurs due 
to a micromechanical and chemical nanointeraction. 
Nanolayers of 10-MDP molecules form a stable MDP-Ca 
salt, capable of making the adhesive interface more 
resistant to biodegradation. This factor may explain 
the documented clinical longevity of dentin interfaces, 
obtained from the use of adhesive systems based on 
10-MDP.22

Although studies show that acid etching improves the 
penetration of universal adhesives, it is worth remem-
bering that in dentin,23 total etching systems remove 

Graph 1: Mann–Whitney test mean, standard deviation, 25 
percentile, and 75 MPa of bond strength in different experimental 
groups

Table 4: Distribution of the scores by the type of fracture

Experimental 
groups

Type of fracture – Scores (%)
1* 2** 3*** 4****

G1 (FUE) 13 (100) 0 0 0
G2 (FUWE) 11 (85) 0 0 2 (15)
G3 (SB) 13 (100) 0 0 (0) 0 (0)
G4 (SBUE) 10 (77) 0 1 (8) 2 (15)
G5 (SBUWE) 2 (15) 0 9 (70) 2 (15)
G6 (CLE) 2 (15) 0 4 (31) 7 (54)
G7 (CLWE) 11 (85) 0 0 2 (15)

*Adhesive fracture – resin interface composite/adhesive; **Cohesive 
fracture in enamel; ***Cohesive fracture in composite; ****Mixed 
fracture – composite/enamel/adhesive
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the filler content exposing the organic matrix. Thus, it 
becomes more difficult to form the MDP-Ca salt, which 
ensures the chemical interaction of the nanomaterial. This 
chemical interaction, in the dentin, is favored by its partial 
demineralization, preserving the integrity of collagen 
fibers that interact chemically with the 10-MDP forming 
a stable layer. Moreover, the lowest rate of dissolution 
of calcium salts that carries in high potential of chemical 
bond also favors the interaction.1,22

Among the universal adhesive systems studied, 
FUE was the one with the highest bond strength values 
(36.83 ± 4.9 MPa), and the FUWE group (28.43 ± 1.9 MPa) 
showed similar results to the adhesive full-etch system. 
Therefore, the behavior of multipurpose adhesive systems 
seems to be material dependent,24 since SBUE group 
presented bond strength values lower than FU group 
respectively, the SBUWE (18.40 ± 2.2) and conditioning 
group (30.33 ± 3.3).

In addition, butylated hydroxytoluene (BHT), a com-
ponent of FU, acts as an inhibitor, preventing spontaneous 
polymerization system and promoting increased durabil-
ity of adhesion to resins, which could explain the higher 
values of resistance of this adhesive system.25

Therefore, it was observed that among the adhesive 
systems evaluated, the multipurpose systems have their 
bond strength varying according to the composition 
of the material and that even if the enamel etching is 
necessary to obtain better retention standards, only FU 
system showed behavior similar to the control group. 
Future studies are needed to verify the performance of 
this new category of long-term materials and their clinical 
effectiveness. It was found that the most prevalent type 
of fracture occurred in the interface composite resin/
adhesive (score 1) in the study group.

According to the data and statistical analysis applied 
to the results, it is concluded that the enamel acid etching 
provides the best bond strength results for the self-etch and 
multipurpose systems. Also, it is possible to highlight that 
the multipurpose systems have varied their bond strength 
according to the brand and composition of the material.
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