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

and “all-in-one” self-etch adhesives. In consecutive issues of the journal, the Critical Appraisal
series will present salient publications on research in each of the categories. The first installment
focused on the three-step etch-and-rinse systems and the series continues with this paper on the
one-bottle etch-and-rinse systems.

T H E E F F E C T O F S I X Y E A R S O F WAT E R S T O R A G E O N R E S I N C O M P O S I T E B O N D I N G T O
H U M A N D E N T I N
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Journal of Biomedical Research Part B: Applied Biomaterials 2004 (69B:25–32)

A B S T R A C T

Objective: This study evaluated the
effects of water storage for up to 6
years on the push-out bond
strength and marginal adaptation
of several etch-and-rinse
adhesive systems.

Materials and Methods: Mid-
coronal dentin discs (2-mm thick)
were sectioned from 360 human
third molars. A standardized cylin-
drical cavity was prepared into each
dentin disc. The prepared discs
were embedded in an extrusion
device using a provisional restor-
ative material. Specimens were
assigned to eight groups of 45.

Composite resins were bonded
into the preparations using these
adhesive systems: Syntac Classic
(Ivoclar Vivadent, Schaan, Liecht-
enstein), Syntac Classic preceded
by etching with 36% phosphoric
acid, A.R.T. Bond (Coltène, Alstät-
ten, Switzerland), A.R.T. preceded
by acid etching, Scotchbond Multi-
Purpose Plus (3M ESPE, Seefeld,
Germany and St. Paul, MN, USA),
EBS (3M ESPE, Seefeld, Germany),
Prime & Bond 2.0 (DeTrey
Dentsply, Konstanz, Germany), and
Syntac Single-Component (Ivoclar
Vivadent). The first six systems
listed were multistep systems with
separate priming and bonding

steps. The final two adhesives were
one-bottle systems with primer and
bonding agent combined in a
single solution.

The bonded specimens were stored
in water at 37°C for 1 day, 90
days, or 6 years. They were
thermocycled after storage and
push-out bond strengths were
determined using a universal
testing machine.

From specimens scheduled for the
6-year push-out test, polyvinylsi-
loxane impressions were made
after 1 day, 90 days, and 1, 2, 3,
4, 5, and 6 years. Epoxy replicas
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were cast from these impressions
and evaluated with scanning elec-
tron microscopy (SEM) for mar-
ginal adaptation. An image
analysis system was used to assess
the presence or absence of gap-free
margins. Marginal quality was cal-
culated as the percentage of gap-
free margins relative to the entire
length of the margin.

Results: After 90 days of water
storage, the bond strengths of
all adhesives had remained stable
relative to the initial 1-day test.
However, the mean bond
strengths of the two simplified
systems, Prime & Bond 2.0 and
Syntac Single-Component, were
significantly lower than those
of the more complex systems.
After 6 years, all of the adhesives
had undergone a significant
reduction in bond strength.
However, this was more
pronounced for the
one-bottle adhesives.

Specimens bonded with the three-
step etch-and-rinse systems had
significant deterioration in
marginal quality between the

1- and 2-year evaluations. The
deterioration was more rapid
for the one-bottle adhesives,
being already evident between the
90-day and 1-year evaluations.
The deterioration for the one-
bottle adhesives continued to 3
years but was stable thereafter.
Overall, the marginal quality
after 6 years was worse for
the one-bottle than for the
three-step systems.

Conclusions: Resin–dentin bond
strengths decrease significantly
after 6 years of water storage.
Etch-and-rinse multistep adhesives
maintain higher bond strengths
than the simplified one-bottle
adhesives. Also, the multistep
adhesives appear to be more resis-
tant to water degradation and
would be preferred in restorations
that lack enamel margins.

C O M M E N TA RY

At 6 years, this study is almost cer-
tainly the longest in vitro evalua-
tion of resin-based adhesives. The
materials tested represented an
excellent cross-section of the mate-
rials that were available when the
project was initiated. Two aspects

of the adhesives were
evaluated—dentin bond strengths
and marginal quality.

As would be expected, bond
strengths and marginal quality
deteriorated over time for all
of the adhesives. However, the
degradation was more pronounced
for the one-bottle systems than
for the three-step systems. In
their conclusions, the authors
state that the three-step adhesives
are the preferred choice for
restoring cavities that lack enamel
margins, and this conclusion
is supported by the study that
is reviewed next (but was
published prior to the
Frankenberger et al. study).
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A B S T R A C T

Objective: This study compared the
bond strengths of two three-step

and two one-bottle etch-and-rinse
adhesives systems after 24 hours
and 4 years of storage in water.

Materials and Methods: The
occlusal dentin of 28 extracted
human molars was exposed and
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polished to 600-grit to create stan-
dardized smear layers. Specimens
were assigned to four groups for
treatment with the three-step adhe-
sives: OptiBond Dual-Cure (Kerr
Corporation, Orange, CA, USA)
or Scotchbond Multi-Purpose
(3M ESPE), or the simplified
(“one-bottle”) versions of these
materials, OptiBond Solo (Kerr)
or Scotchbond-1 (known as Single
Bond outside Europe, 3M ESPE).

Composite was applied and cured,
and the bonded specimens were
stored in water at 37°C for either
24 hours or 4 years. Before water
storage, half of the teeth to be
stored for 4 years were sectioned
so that the resin–dentin interface
was exposed to water. The others
were sectioned just prior to testing.
Microtensile bond strengths were
determined using a standard
method (hourglass-shaped speci-
mens fractured using a mechanical
testing device). Failure modes were
evaluated using field-emission scan-
ning electron microscopy and
digital image analysis. Representa-
tive specimens were processed
for evaluation with transmission
electron microscopy.

Results: At 24 hours, the mean
bond strength of OptiBond Dual-
Cure was significantly greater than
that of OptiBond Solo (53.6 MPa
versus 34.8 MPa); Scotchbond
Multi-Purpose and Scotchbond-1
were not significantly

different (at 52.2 MPa and
45.6 MPa, respectively).

Indirect exposure of the resin–
dentin interface (i.e., the interface
was protected by composite and
enamel) did not cause a reduction
in bond strengths of any adhesive
after 4 years. In contrast, when the
resin–dentin interface was directly
exposed to water, the bond
strengths of both one-bottle
adhesives decreased significantly.
Reductions in the bond strengths
of the three-step systems were not
significant, with OptiBond Dual-
Cure being particularly unaffected.
The proportion of adhesive failures
increased with increasing degree
of water exposure.

Conclusions: Resin bonded to
enamel protects resin–dentin inter-
faces, but direct exposure to water
degraded bonds produced by
one-bottle adhesives.

C O M M E N TA RY

This is an interesting study
because it is one of the few and
one of the first to evaluate dentin
bond strengths after an extended
period of time. The most impor-
tant finding was related to the
protective effect of enamel on
resin–dentin bonds. When resin–
dentin interfaces were protected
against direct exposure to water
by resin bonded to enamel, bond
strengths of the four adhesives
tested declined only slightly after

4 years of storage in water.
However, when the resin–dentin
interfaces were directly exposed
to water, the bond strengths of
the one-bottle adhesives
declined significantly.

Therefore, the study raises two
obvious questions. First, do the
three-step total-etch adhesives
provide more durable bonds than
their simplified counterparts?
The results suggest that the answer
is yes, they do. Also, is the resin–
dentin interface as stable as the
resin–enamel interface? The results
suggest that it is not and that
resin–dentin margins are much
more likely to degrade than are
resin–enamel margins.

It should be noted that OptiBond
Dual-Cure is no longer available.
However, a similar adhesive, Opti-
Bond FL, remains available, as do
the other three adhesives tested in
this study.

S W I F T
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A B S T R A C T

Objective: The purpose of this
study was to test the hypothesis
that an adjacent composite–enamel
bond protects the composite–
dentin bond against degradation
(similar to the De Munck et al.
study reviewed above) and that
degradation is not related to
location of the dentin (peripheral
versus central).

Materials and Methods: Thirty
extracted teeth were assigned to six
groups of five. The occlusal enamel
of each tooth was ground off, and
the flat dentin surface was polished
to 600-grit, forming a standardized
smear layer. Half of the specimens
were restoring using Single Bond
(3M ESPE), a one-bottle etch-
and-rinse system, and half were
restored using Scotchbond Multi-
Purpose Plus (3M ESPE), a three-
step etch-and-rinse system. A moist
bonding technique was used for
both adhesives; the dentin was
dried and then re-wet with a con-
trolled volume of water. Composite
“crowns” were built up on each
bonded surface.

Following storage in distilled water
at 37°C for 24 hours, five speci-
mens of each adhesive were sec-
tioned into rectangular sticks with

a cross-sectional area of 0.8 mm2.
Another five specimens were sec-
tioned into sticks only after the
enamel had been removed and they
had been stored in water for 6
months. The five specimens of each
adhesive were stored in water, with
the enamel intact, for 6 months
before they were sectioned. In each
case, sections were identified as
having come from the peripheral
or inner aspect of a specimen.
Microtensile bond strength testing
(MTBS) was accomplished using a
universal testing machine. Bond
failures were examined at
400x magnification.

Results: For Scotchbond
Multi-Purpose, mean MTBS
values ranged from 29.4 MPa to
33.0 MPa in peripheral dentin
specimens. With inner dentin,
the means ranged from
35.5 MPa to 45.3 MPa. In each
location, differences were not
statistically significant.

For Single Bond, the mean MTBS
values for both peripheral and
inner dentin specimens were sig-
nificantly lower for the specimens
that had been directly exposed to
water for 6 months. The mean
MTBS of 24-hour inner dentin
specimens was 49.0 MPa. The

mean for inner dentin specimens
protected by enamel was almost
identical, at 48.3 MPa. However,
when the dentin was directly
exposed to water for 6 months,
the mean was only 35.5 MPa.
The findings were similar for
peripheral dentin.

Conclusions: Direct exposure to
water significantly decreased the
dentin bond strength of a two-step
etch-and-rinse adhesive but did not
affect the bond strength of a three-
step system. The location of the
dentin did not have a consistent
effect on bond strength.

C O M M E N TA RY

This study confirms previous
research (De Munck et al., 2003)
showing that a border of resin-
bonded enamel protects the resin
bond to dentin. Of the two etch-
and-rinse adhesives tested, the one-
bottle system was more susceptible
to degradation than the three-
step system when dentin was not
surrounded by enamel during
prolonged exposure to water.
Degradation might be caused by
hydrolysis or enzymatic breakdown
of collagen fibers that are not
completely coated with resin or
perhaps by deterioration of the
resin material itself. The most
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pertinent clinical implication of
this study relates to Class II poste-
rior composite restorations in
which the weak link is the gingival
margin and where the presence of
enamel is critical to long-term
success of the restoration.
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A B S T R A C T

Objective: The purpose of this
study was to evaluate the 8-year
clinical performance of a filled
and an unfilled one-bottle
adhesive used to restore
noncarious cervical lesions
without retention grooves
or enamel bevels.

Materials and Methods: The
adhesives tested in this study
were OptiBond Solo (Kerr) adhe-
sive and Prime & Bond 2.1
(Dentsply Caulk, Milford, DE,
USA). OptiBond Solo was an
ethanol-based adhesive that was
filled approximately 25% by
weight with barium glass and
silica. Prime & Bond 2.1 was
an unfilled acetone-based adhesive.
(Both materials have been
superseded by newer products—

OptiBond Solo Plus and Prime &
Bond NT, respectively.)

Seven operators restored approxi-
mately 100 noncarious cervical
lesions under isolation with cotton
rolls and retraction cord. Tooth
preparation was limited to produc-
ing a definite finish line where
needed; no bevels or mechanical
retention were placed. The
composite restorative materials
were applied and light
cured incrementally.

The restorations were evaluated
after 6 months, 18 months, 3
years, and 8 years of clinical
service and were rated according
to standard modified USPHS
(United States Public Health
Service) criteria. Although eight
criteria were evaluated, the

primary outcome variables
were restoration retention,
marginal integrity, and
marginal discoloration.

Results: The 8-year recall rate was
57%. The cumulative retention
rates were 65.6% for OptiBond
Solo and 60.6% for Prime & Bond
2.1. The difference was not statisti-
cally significant. These retention
rates had declined from the 3-year
rates of 93.3% and 89.4%, res-
pectively. Marginal integrity and
discoloration worsened progres-
sively over time, but differences
between the two materials were
not significant.

Conclusions: Despite a relatively
high rate of marginal discoloration,
both of the adhesives tested in this
study provided reasonably good

S W I F T
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clinical restoration retention
without mechanical retention.

C O M M E N TA RY

This study is among the longest
clinical trials of dentin adhesives
yet published. The original purpose
of the study was to determine
whether there was any difference
in performance of filled and
unfilled one-bottle adhesives. The
authors concluded that the filled
adhesive might have provided
slightly better dentin bond

durability but acknowledged
that the difference was not
statistically significant.

The most relevant aspect of this
study is its length; 8-year recalls
in this area are uncommon. A
12-year study from the same group
(reviewed in the previous issue of
the Journal) reported a retention
rate of 93% for a filled three-step
etch-and-rinse adhesive. Thus,
while the one-bottle adhesives
evaluated in this study performed
reasonably well, they were

certainly less effective than the
three-step “gold standard.”
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T H E B O T T O M L I N E

• As noted in Part I of this series, the three-step etch-and-rinse adhesives are considered the gold standard
for bonding resin-based materials to tooth structure.

• The dentin bond of one-bottle etch-and-rinse adhesives is less durable than that of three-step systems.
• The durability of etch-and-rinse adhesives, particularly the one-bottle type, is better when the dentin is

surrounded by a bonded resin–enamel rim.

Editor’s Note: We welcome readers’ suggestions for topics and con-
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