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Four categories of resin-based dentin/enamel adhesives are currently available. These include
the three-step etch-&-rinse, “one-bottle” etch-&-rinse, two-step self-etch primer systems, and

“all-in-one” self-etch adhesives. In consecutive issues of the Journal, the Critical Appraisal series
is presenting salient publications on research in each of the categories. The first two installments
focused on the etch-&-rinse systems. The series continues with this review of papers on the
two-step self-etch primer systems.
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A B S T R A C T

Objective: The objectives of this
study were (1) to evaluate the in
vitro and in vivo bond durability
of two self-etch adhesive systems,
and (2) to characterize morpho-
logical changes in resin-dentin
interfaces aged in the oral environ-
ment and under laboratory condi-
tions for 1 year.

Materials and Methods: For the in
vivo portion of the study, patients
with one or more erupted, unre-
stored third molars scheduled for
extraction were selected. Class I
preparations were made in 24
teeth under rubber dam isolation.

The teeth were randomly divided
into two groups for bonding with
either Clearfil SE Bond or Clearfil
Protect Bond (both Kuraray,
Tokyo, Japan). Both systems
include a mildly acidic self-etch
primer. These are similar materi-
als, but Protect Bond contains
an antibacterial monomer and
includes a fluoride-releasing
bonding agent. The preparations
were restored using a thin
flowable resin liner and two
increments of a light-activated
hybrid composite.

The adhesive groups were divided
into two sub-groups based on

extraction time—24 hours or 1
year following restoration. After
extraction at each time, four
teeth from each group were sec-
tioned for microtensile bond
strength (mTBS) testing, which was
accomplished using a universal
testing machine.

To compare bond degradation
in vivo and in vitro, the same
restorative procedures were done
in 25 extracted third molars.
The restored teeth were stored
in artificial saliva at 37°C, and
were retrieved and sectioned for
mTBS testing at 24 hours or
1 year.
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Two specimens from each in vivo
and in vitro group were processed
for examination with transmission
electron microscopy (TEM).

Results: For Clearfil SE Bond,
both aging conditions and time
had a significant effect on bond
strengths. Under in vivo condi-
tions, the mean mTBS was
21.3 MPa at 24 hours but only
13.8 MPa at 1 year, a significant
decrease. In vitro, the respective
means were 33.9 MPa and
21.4 MPa, and the decrease over
time was significant.

For Clearfil Protect Bond, only
aging conditions—not
time—significantly affected bond
strengths. Bond strengths were
greater under in vitro than under
in vivo conditions but did not
decrease with time in either case.
In vivo, the 24-hour mean mTBS
was 17.9 MPa and the 1-year
mean was 18.6 MPa. In vitro, the
respective means were 28.1 MPa
and 28.3 MPa.

TEM showed that both
adhesives formed thin, partially
demineralized hybrid layers
under both conditions.
Nanoleakage could be
observed even at 24 hours.

Conclusions: Bond strengths of
both self-etch adhesive systems
decreased over time under in vitro
and in vivo conditions. Bond
strengths were lower in vivo
than in vitro, but the pattern of
degradation was similar under
both conditions.

C O M M E N TA RY

This study is particularly interest-
ing because it measured bond
strengths achieved not only in
the laboratory but also under clini-
cal conditions. Not surprisingly,
the results were better in the
laboratory. Numerous clinical
factors, including but not limited
to dentin fluid movement and
functional stresses, very likely
have adverse effects on
bonding efficacy.

Some studies have reported that
Clearfil SE Bond mediates a
chemical bond to residual
hydroxyapatite in the hybrid
layer (see papers by Yoshida and
colleagues as well as Fukegawa
and colleagues under “Suggested
Reading”), which potentially
could improve the durability of
resin-dentin bonds. That was not
the case for SE Bond in this par-
ticular study, although a similar
material (Clearfil Protect Bond)
did provide a bond that was
stable at 1 year.
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A B S T R A C T

Objective: The purpose of this
study was to evaluate the hydro-
lytic stability of three self-etch
adhesive systems containing differ-
ent functional monomers.

Materials and Methods: Three
two-step self-etch adhesive systems
were used in this study—Clearfil
MegaBond (Kuraray; marketed as
Clearfil SE Bond outside Japan,
and referred to by the latter

name in this review), Unifil Bond
(GC, Tokyo, Japan), and Clearfil
Liner Bond II (Kuraray). The
adhesive monomers in these
materials are, respectively,
10-MDP, 4-MET, and phenyl-P.
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Each is a two-step system using
a self-etch primer.

Occlusal enamel was sectioned
from extracted human third
molars to expose mid-coronal
dentin, which was polished to
600-grit using silicon carbide abra-
sive paper to produce standardized
smear layers. The three adhesives
were applied according to manu-
facturers’ instructions, and Z100
(3M ESPE, St. Paul, MN, USA)
composite was applied and light-
activated in increments. Using a
water-cooled diamond saw, each
bonded specimen was sectioned
into small slabs of approximately
1 mm cross-sectional area. Speci-
mens were untouched (control)
or were thermocycled 10,000,
20,000, 30,000, 50,000, or
100,000 times between 5°C and
55°C, with a dwell time of 60
seconds in each water bath. Three
teeth were used for each condition
(combination of thermocycling and
adhesive type).

Microtensile bond strength
(mTBS) testing was performed
using a desktop materials tester
(EZ-Test, Shimadzu, Kyoto,
Japan). Additional specimens
of each adhesive (either controls
or thermocycled 100,000 times)
were fixed, dehydrated, and
embedded in epoxy resin for
transmission electron microscopy
(TEM) analysis of resin–
dentin interfaces.

Results: For the control groups,
mean mTBS values were
37.9 MPa for Unifil Bond,
40.8 MPa for Clearfil SE Bond,
and 44.7 MPa for Liner Bond II.
Bond strengths of all three adhe-
sives were reduced by thermocy-
cling, but the difference was not
statistically significant for SE Bond.
Mean bond strengths declined to
23.2 MPa for Liner Bond II after
100,000 thermocycles and to
22.5 MPa for Unifil Bond.
However, the mean bond strength
of SE Bond declined only to
35.3 MPa. All of the adhesives
produced shallow hybrid layers
containing residual hydroxyapatite
crystals, but this was particularly
true for Clearfil SE Bond. The
interfacial morphology of hybrid
layers formed by SE Bond was
similar regardless of whether the
specimens had not been ther-
mocycled or had been ther-
mocycled 100,000 times.

Conclusions: Long-term durability
of resin–dentin bonds might
depend on chemical bonding of
the functional monomer.

C O M M E N TA RY

Penetration of resin-based adhe-
sives into etched or conditioned
dentin surfaces results in the for-
mation of a hybrid layer, which
is called “hybrid” because it is a
mixture of resin and dentin. Some
mild self-etch materials do not
completely remove hydroxyapatite

crystals from the dentin surface,
and evidence suggests that some
adhesive monomers might bond
chemically with the residual
hydroxyapatite. As the present
study suggests, such chemical
bonding might improve the
durability of resin-dentin bonds.
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A B S T R A C T

Objective: This study was designed
to evaluate the clinical perfor-
mance of Clearfil SE Bond in resto-
ration of Class V lesions.

Materials and Methods: Twenty-
nine patients received two or four
restorations of non-carious cervical
lesions; the total number of resto-
rations was 100. Clearfil SE Bond,
which is a mildly acidic self-etch
primer system, was used according
to manufacturer’s directions for
half of the restorations. For the
others, enamel was selectively
etched using 40% phosphoric acid
before the adhesive system was
applied. The same composite resin
material was used for all restora-
tions. Tooth preparation involved
roughening of the dentin surfaces
with a coarse diamond and place-
ment of a 1–2 mm bevel on
enamel margins.

The restorations were evaluated
after 6 months, and 1, 2, 3, and
5 years of clinical service. The
recall rate was 84% at 5 years.
Two evaluators rated each
restoration using a standard set
of criteria for retention, marginal
integrity, marginal discoloration,
recurrent caries, post-operative
sensitivity, and preservation of
tooth vitality.

Results: At 5 years, only one resto-
ration had been lost from the
group of restorations placed using
manufacturer’s directions, and
none were lost from the selective
etching group. In both groups,
marginal integrity deteriorated over
time. However, the deterioration
was worse for the no-etch group,
in which significantly more enamel
margin defects were detected.
Marginal discoloration was more
frequent in the no-etch group. No
recurrent caries, post-operative
sensitivity, or loss of vitality
was observed.

Conclusions: Marginal defects
in the no-etch group were clini-
cally acceptable and did not
require any repair, indicating
that the bonding effectiveness
of Clearfil SE Bond remained
relatively good despite the
material’s superficial interaction
with enamel. Selective enamel
etching improved marginal
adaptation but did not affect
the overall clinical performance
of Class V restorations.

C O M M E N TA RY

Although laboratory testing can
be very useful for studying various
aspects of adhesive performance
and screening new materials
during product development,

the best evidence for efficacy of
resin-based adhesives is found in
controlled clinical trials. This
particular study was a relatively
long-term (5 years) clinical trial
of the most popular self-etch
primer system, Clearfil SE Bond.
It was a typical clinical trial
involving restoration of non-
carious cervical lesions.

Clearfil SE Bond is known to be
only mildly acidic, so one of the
primary objectives of the study was
to determine the durability of its
enamel bond and whether selective
acid-etching might improve dura-
bility. The authors concluded that
the overall performance of the
Class V restorations was similar
in both groups. However, marginal
integrity was better, and marginal
discoloration was less frequent
when enamel margins were
etched before the adhesive
system was applied.

Selective etching of enamel,
therefore, is an acceptable tech-
nique for self-etch primer systems
when the operator is concerned
about enamel marginal integrity.
Contact of the acid etchant with
dentin should be avoided as
much as possible because it
can reduce adhesion of self-etch
primers to dentin.
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A B S T R A C T

Objective: The purpose of this
study was to evaluate the effect of
direct and indirect water storage
on the microtensile dentin bond
strength (mTBS) of one etch-&-
rinse and two self-etch adhesives.

Materials and Methods: The mate-
rials used in this study were the
one-bottle etch-&-rinse system
Admira Bond (Voco, Cuxhaven,
Germany), the self-etch primer
system Clearfil SE Bond, and the
all-in-one self-etch adhesive Hybrid
Bond (Sun Medical, Shiga, Japan).
Standardized Class I cavity prepa-
rations were made in the occlusal
surfaces of 54 extracted human
mandibular molars. The prepara-
tions extended approximately
1 mm into dentin and had all
margins in enamel. The enamel
margins were beveled.

The prepared teeth were divided
into groups of 18, and the prepara-
tions were restored with composite

resin following application of the
adhesives according to manufactur-
ers’ directions. The restored teeth
in each group were divided into
three sub-groups based on time of
storage in water. The storage times
were 24 hours and 4 years. For the
24-hour group and one of the
4-year groups, the specimens were
sectioned for mTBS after storage in
water. In the other 4-year group,
specimens were sectioned before
storage in water. Thus, in this last
group, resin–dentin interfaces were
exposed directly to water. The
bond strength test was done using
a universal testing machine.

Results: At 24 hours, the mean
mTBS were 39 MPa for Admira
Bond, 41 MPa for Clearfil SE
Bond, and 37 MPa for Hybrid
Bond. After 4 years without direct
exposure of the resin–dentin inter-
faces to water, mean bond
strengths had declined very
little—the worst being a reduction
of 5 MPa for Hybrid Bond.

However, after four years of direct
exposure to water, the bond
strengths of all three adhesives
were significantly lower—22 MPa
for Admira Bond, 21 MPa for
Clearfil SE Bond, and 12 MPa for
Hybrid Bond.

Conclusions: Exposure to water
causes deterioration of resin bonds
to dentin. In restorations with
margins in enamel, etching the
enamel could protect the bond
from this effect. However, when
restoration margins extend into
dentin or cementum, bonds are
likely to degrade over time.

C O M M E N TA RY

Laboratory studies on resin–dentin
bond longevity tend to reach the
same conclusion as this one—that
is, when resin–dentin bonds are
directly exposed to water, they
deteriorate over time. In contrast,
when the resin–dentin interface is
protected by a bonded resin–
enamel interface, degradation is
much slower. This is an important
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consideration for Class II posterior
composites, where the gingival
enamel is frequently lacking in
quantity or quality.

The authors state in their conclu-
sions that etching enamel margins
can protect resin–dentin bonds,
presumably implying that phospho-
ric acid-etching is required.
However, their own results indicate
that the enamel bond is important

regardless of how it is achieved.
Two of the three adhesives tested
in this study did not use a separate
acid-etching step and yet had
stable dentin bonds when the
enamel was present during storage.

Clearfil SE Bond did not perform
as well in this study as it did in the
study by Inoue and colleagues
reviewed earlier. Another notewor-
thy, and perhaps unsurprising,

finding is that the simplest adhe-
sive was the one most affected by
exposure to water.
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T H E B O T T O M L I N E

• Much of the research on self-etch primer systems has focused on one commercial product, Kuraray’s
Clearfil SE Bond.

• Mildly acidic self-etch primers such as Clearfil SE Bond form partially demineralized hybrid layers
containing residual hydroxyapatite crystals. Because of this, there is potential for chemical interaction
between adhesive monomers and hydroxyapatite that could improve the durability of
resin–dentin bonds.

• Clinical trials have reported good results for self-etch primer systems.
• At least anecdotally, post-operative sensitivity occurs less frequently with self-etch primer systems than

with etch-&-rinse systems.
• The bond of mildly-acidic self-etch primers to enamel can be improved by selective etching of the

enamel before primer application. Contact of the etchant with dentin should be avoided as much
as possible.
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