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INTRODUCTION

Acid etching was proposed for enamel1 with the aim to
dissolve the hydroxyapatite crystals either at the rod
cores or at the rod peripheries for creating a superfi-

cial  microporosity2 Placed  onto  etched  enamel,  the
monomers of adhesive systems penetrate into microporosi-
ties thus forming resin tags that yield good micromechanical
retention.3 Nowadays,  a  number  of  adhesive  systems  are
used on dentin, some of them needing previous acid etching,
while others already contain weak acids among their com-
ponents.  The  adhesive  systems  are  usually  applied  onto 
both enamel and dentin with the same time of application.4

However,  acid  etching  promotes  the  complete  removal  of

some micrometers of  the outer  enamel because of  its high
mineral and small amounts of organic content,5 whereas  in
dentin  the  acids  remove  hydroxyapatite  crystals  while
exposing  the  organic  components,  in  special  collagen
 fibrils.6

Among the current adhesive systems there are two main
groups,  the  first  that  includes weak  acids,  and  the  second
that contains acidic monomers.4 Even though many authors
have  stated  that  these  two  conditioning  agents  promote  a
slight superficial etching of enamel that can be a disadvan-
tage  for  the success of adhesive procedures,7 they are  rou-
tinely  used  when  both  enamel  and  dentine  are  simultane-
ously conditioned.8 Moreover, some conditioning agents do
not  require  rinsing whereas  others  are  already  included  in
the adhesive system.
Few studies have devoted analysis to adhesive character-

istics of the main types of adhesive systems to enamel. The
present investigation has been addressed with the purpose to
evaluate  the  micro-shear  bond  strength  of  different
 adhesives to the outer enamel surface.

MATERIALS AND METHOD

This study was approved by the Research Ethics Committee
of the Sã o Jose dos Campos School of Dentistry - UNESP
(Protocol No. 024/2006-PH/CEP).
Forty  healthy  premolars,  extracted  for  orthodontic  rea-

sons, of patients of both sexes ranging from 14-16 years of
age  were  used,  after  obtaining  free  and  informed  consent
from their parents. In order to perform the microshear tests,
thirty teeth were used, the remaining 10 teeth were used for
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micromorphological analysis by SEM.
The teeth were stored in a 0.5% chloramine solution for

no longer than one week. After this, the roots were sectioned
and the crowns cleaned with rubber cups and pumice stone
paste  (S.S.White  Brasil  Ltda,  Brasil.)  and  water  for  10s.
Then they were cut in the mesio-distal direction using dou-
ble-faced  diamond  disks  (KG Sorensen  Ind.  e Com. Ltda,
Brasil.).
For the mechanical test, each face of the sectioned crown

was  embedded  in  fast  polymerizing  colorless  acrylic  resin
(Jet - Clássico Artigos Odontoló gicos Ind. Bras.), by using
silicone molds in order to obtain blocks with 3 cm length, 2
cm width, and 1 cm depth, with the enamel surface parallel
to the horizontal plane. The enamel surface of the specimens
was  flattened  by  using  400  and  600  grain  water  abrasive
papers  (3M  do  Brasil),  mounted  in  a  polishing  machine
(Struers DP10 - Panambra), with copious water to obtain a
smooth, flat enamel surface approximately 3 mm in diame-
ter.  The  specimens  were  randomly  divided  into  5  groups
(n=12) according to the adhesive system used (Table 1).
In Group 1, the specimens were etched with a 37% phos-

phoric acid (Dentsply) for 15 s, followed by air/water spray
washing for 20 s and drying with an air jet for 3 s. Then, the
Single Bond 2 adhesive system was applied  in accordance
with the manufacturer’s recommendations. In groups 2 to 5,
the  specimens did not  receive acid etching before applica-
tion  of  the  correspondent  adhesive,  which  were  placed  in
accordance with the manufacturers’ recommendations.
After  light  curing  the  adhesives  for 10  s,  samples were

placed in a metal device that has a two-piece Teflon matrix
with an orifice inside it, measuring 2 mm in diameter and 2
mm  high.  To  make  the  samples  for  the  microshear  bond
strength test Tygon R-3603 tubes (Norton Performance Plas-
tic  Co.),  with  an  outer  diameter  of  2mm  by  1  mm  high, 
and  0.8 mm  inner  diameter were  used,  for  the  purpose  of
delimiting the bonding area. By means of the Teflon matrix,
the Tygon tube was immobilized over the tooth enamel, and
the  resin  composite  Filtek  Z250  (3M  ESPE)  was  applied
with a calcium hydroxide applicator (SS White Duflex) in a

single  increment,  and  light  activated  for  40  s,  in  order  to
obtain small cylinders for the mechanical test. After this, the
test  specimen  was  removed  from  the  matrix  and  comple-
mentary light activation was performed for 40 s. After 1h at
room temperature, the Tygon tube was gently removed with
a #15 scalpel blade (Med Blade). All the test specimens were
stored  in  distilled water  at  37º C  in  a  oven  for  24  hours.
After  this,  they  were  thermocycled  (Ética  Equipamentos
Cientí ficos  S.A.)  with  baths  for  30  s  between  5(±2)  and
55(±2)º C, totaling 500 cycles.
After  thermocycling,  the  test specimens were submitted

to microshear bond strength evaluation performed in a uni-
versal test machine EMIC DL2000 with a 10kg load cell. To
place the test specimens correctly, a metal base was used and
0.2  mm  diameter  orthodontic  wire  was  fixed  to  the  top
mobile  extremity  of  the  machine.  When  the  test  was
 performed,  this wire was  placed  at  the  adhesive  interface,
forming  a  loop  around  the  resin  composite  cylinder.  The
speed  used  was  0.5mm/min  and  the  microshear  bond
strength  values were expressed in MPa.
The data were submitted to the single factor analysis of

variance (ANOVA) with a level of significance of 5%. After
this, the Tukey multiple comparison test was carried out to
verify  at  which  levels  the  difference  between  the  groups
occurs, and which of these produced the highest mean bond
strength values.
After the bond strength tests, the surfaces of the samples

were  examined  under  a  stereoscopic  microscope  Stemi
2000C (Carl Zeiss), at 16x magnification, to determine the
type  of  fracture  that  occurred  in  the  region  of  rupture
between the enamel and composite resin in each specimen.
The fractures were classified into: type a (adhesive fracture
at the resin/adhesive interface); type b (cohesive fracture in
enamel:  fracture  in  the  enamel  dental  structure);  type  c
(cohesive in resin composite: fracture in the resin composite
cylinder body), and type d (mixed fracture, with the fracture
involving the resin, adhesive and dental structure).
For  the  micromorphological  analysis  of  the  etched

enamel surface, ten teeth were used with their crowns previ-
ously prepared as previously described in order to obtain 20
enamel  surfaces  (buccal  or  lingual),  and  randomly  subdi-
vided into the five experimental groups (n=4).
Using the central region of the vestibular or lingual face,

for Group 1,  the specimens were etched with a 37% phos-
phoric acid for 15 s, followed by air/water spray washing for
20 s and drying with an air jet. For groups 2 and 3, only the
self-etching  primer  of  the  adhesive  systems  Clearfil  SE
Bond and AdheSE were applied, respectively. For Groups 4
and  5,  the  acid  solution  resulting  from  the mixture  of  the
components  of  the  self-etching  adhesive  systems  Adper
Prompt L-Pop and Xeno III were applied, respectively. The
etched enamel  surfaces of  the  specimens  in Groups 2  to 5
were completely washed with alternate baths of acetone for
20 s and ethanol for 20 s, with the purpose of removing the
self-etching primers and resinous components of  the adhe-
sive systems used. 
After etching  the enamel surface, all  the  test  specimens
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Group Adhesive System Composition

1 Single Bond 2
(3M ESPE)

Etching: 37% Phosphoric acid
Adhesive: 2-hydroxyethyl methacrylate
(HEMA), Bisphenol A diglycidyl ether
dimethacrylate (Bis-GMA), ethanol, water

2 Clearfil SE Bond
(Kuraray)

Primer A: 10-methacryloyloxy decyl 
diydrogenphosphate (MDP)
Primer B: HEMA, water
Adhesive: MDP, Bis-GMA, HEMA

3 AdheSE
(Ivoclar Vivadent)

Primer: dimethacrylates, phosphonic
acid acrylate, water
Adhesive: dimethacrylates, HEMA, SiO2

4 Adper Prompt L-Pop
(3M ESPE)

Methacrylated phosphoric acid esters,
water, Bis-GMA, HEMA

5 Xeno III
(Dentsply)

HEMA, water, ethanol, 2,6-Di-tert-butyl-p
hydroxyl toluene, Pyro-EMA-SK, PEM-F,
Urethane dimethacrylate, EPD, p-diethyl
amine ethyl benzoate

Table 1. Division of the experimental groups
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were dehydrated in ascending grades of ethanol (70%, 80%,
90% and 100%), for 15 min each. After this, they were air-
dried on a filter paper and mounted on aluminum stubs, and
sputter coated with gold in a Sputter ion appliance (SCD/050
- Bal-Tec). Specimens were evaluated in a scanning electron
microscopy (JSM-6100 - Jeol), operating at 10kV at an orig-
inal magnification of 750X.

RESULTS

The  statistical  description  is  presented  in Table  2,  and  the
graphic  representation of  the points  around  the mean  (Dot
Plot) and corresponding columns, means and standard devi-
ation, are shown in Figure 1
The  result  of  the  ANOVA (single  factor)  test  was

p=0.0001. By means of the Tukey multiple comparison test
(5%) two homogeneous groups were established.
After  analysis  under  stereomicroscope,  the  test  speci-

mens  were  classified  according  to  the  types  of  fracture
(Table 3).
Figure 2 shows the representative appearances of dental

enamel from specimens belonging to the five different adhe-
sives used. Phosphoric acid produced a potentially retentive

and porous structure with dissolution of enamel prisms cores
across  entire  surface. Self-etching primers  revealed  a  very
slight pattern of demineralization as well as unetched sites.
Self-etching  adhesives  produced  a  surface  with  slightly
greater  dissolution  than  self-etching  primers, with  shallow
depressions. 

DISCUSSION

The present study showed that the two self-etching primers
(Clearfil SE Bond and AdheseSE) and only one self-etching
adhesive  (Xeno  III)  exhibited  a  similar  microshear  bond
strength  on  human  dental  enamel  than  that  of  the  single
component adhesive (Single Bond 2), while  the other self-
etching adhesive (Adper Promp-L Pop) presented less bond
strength.
A microshear bond strength test was used because of the

higher friability of enamel when compared to dentin. In fact,
studies  focusing  dentin  usually  applied  microtensile  tests,
but they need a previous preparation of the adhesive surface.
On the other hand, microshear bond tests use a very small
bonding area, which avoids the problem of non-uniformity
of  the  stress  distribution  along  the  adhesive  interface.9 A
scanning  electron  microscopy  analysis  was  also  done  in
order  to determine how  the microporosities  created by  the
adhesive  systems  could  influence  on  microshear  bond
strength.  The  self-etching  primer/adhesives  groups  were
rinsed  with  acetone  and  alcohol  in  order  to  remove  resin
components  and  evaluate  only  the  etching  effect  on  the
enamel surface.10

Table 2. Statistical description of the bond strength data (MPa)
obtained in the microshear bond strength test (n=12), and
results of the Tukey Multiple Comparison Test (5%),
according to five different adhesive systems 

Adhesive Systems Mean ± Standard Homogeneous
Deviation Groups*

Single Bond 2 36.36 ± 3,34 A
AdheSE 33.03 ± 7,83 A
Xeno III 32.76 ± 5,61 A

Clearfil SE Bond 30.61 ± 6,68 A
Adper Prompt L-Pop 22.17 ± 6,05 B

*sets that present equal letters indicate no statistically significant difference.

Figure 1. Dot Plot Graph and corresponding mean and standard
deviation of the microshear data (in MPa), according to the groups.

Figure 2. Scanning electron micrographs obtained after the appli-
cation of: a) 37% phosphoric acid for 15 s; b) self-etching primer of
the adhesive system Clearfil SE Bond; c) self-etching primer of the
adhesive system AdheSE; d) acid solution resulting from the mixture
of the components of the adhesive system Adper Prompt L-Pop; e)
acid solution resulting from the mixture of the components of the
adhesive system Xeno III. Original magnifications: 750X.

Table 3. Types of fracture according to the experimental condition

Fracture
Experimental Cohesive Cohesive
Conditions Adhesive enamel Resin Mixed

1 Single Bond 2 10 2
2 Clearfil SE Bond 11 1
3 AdheSE 10 2
4 Adper Prompt L-Pop 12
5 Xeno III 11 1
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Although the micromorphological analysis revealed that
AdheSE,  Xeno  III  and  Clearfil  SE  Bond  yielded  discreet
enamel  etching  patterns,  they  obtained  statistically  similar
performance to that of Single Bond 2, which requires previ-
ous  etching  with  phosphoric  acid.  Many  factors  could
 tinfluence on the degree of demineralization of self-etching
systems, such as the type and concentration of the acid solu-
tion,  time  of  etching,  formulation  of  the  acidic monomers
and buffering capacity of hydroxyapatite.11

Bond strength to enamel would therefore be the product
of the slight increase in micromechanical retention added to
the chemical interaction,1 since the functional monomers of
the self-etching systems chemically interact with the enamel
hydroxyapatite  in spite of  their  low etching capacity.12 The
absence of relationship between the depth of demineraliza-
tion and the strength of bonds produced by the more aggres-
sive self-etching adhesive systems on enamel shown in the
present  investigation  is  consistent  with  previous
works.13,14,15,16,17 This means that other factors, apart from the
etching pattern, may have a more important role on the bond
strength  values.18 Variation  in  adhesive  viscosity,  surface
tension, acidity of the self-etch system, chemical interaction
of acidic monomers with enamel, water concentration, cohe-
sive  strength of  the  adhesives  are  important  features  to be
considered.19,20

The acidity of the etching agents contained in the differ-
ent adhesive systems used in the present study varied from
0.8 (Adper Promp-L Pop) up to 2.0 (Clearfil SE Bond). This
is a key factor that could have influenced on the microshear
bond  strength  findings.  Indeed,  in  spite  of  their  retentive
etching pattern, the self-etching systems with more acid pH
obtained the lowest bond strength values. It means that other
factors,  like  the  presence  of  solvents  within  the  polymer,
may render a thin the adhesive layer, possibly weakening the
polymer formed.13,20

Nevertheless,  in  spite  of  the  difference  between  the
microshear  bond  strength  values,  all  the  adhesive  systems
evaluated obtained values of bond strength to enamel ranged
from 22.17 to 36.36MPa, irrespective of the etching method
used on each material. This bond strength mean (20 MPa) is
considered  necessary  for  the  adequate maintenance  of  the
adhesive on enamel.3,15 On the other hand, the obtained val-
ues are below the tensile strength of enamel,2 which could be
responsible  for  the  high  predominance  (90%)  of  adhesive
failures, results similar to those obtained in previous inves-
tigations.4,15,16

CONCLUSION

Based on the experimental conditions under which the pre-
sent study was conducted, it could be concluded that:
The highest bond strength values obtained corresponded

to the single component adhesive Single Bond 2, however,
with  no  statistically  significant  difference  for  the  self-
 etching primers Clearfil SE Bond and AdheSE as well as for
the self-etching adhesive Xeno III

The  performance  of  the  self-etching  adhesive  Adper
Prompt L-Pop was significantly low to that of the others.
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