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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, beginning with this issue’s piece on
the three-step etch-and-rinse systems.
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A B S T R A C T

Objective: This article evaluated
the potential degradation processes
involved in loss of adhesion to
dentin and reviewed experimental
designs used to assess
these processes.

Summary: This is a review article
that describes a classification of
contemporary adhesives, clinical
trials and laboratory studies used
to evaluate them, and current
knowledge of resin-dentin
bond durability.

Quoting the authors, “the basic
mechanism of bonding to enamel
and dentin is essentially an
exchange process involving replace-
ment of minerals removed from the
hard dental tissue by resin

monomers, which, upon setting,
become micro-mechanically inter-
locked in the created porosities.”
This process, called hybridization
or hybrid layer formation, was first
described by Nakabayashi in 1982.

Resin dentin adhesives are classi-
fied as either “etch-and-rinse”
(total-etch) or “self-etch.” The
etch-and-rinse systems used an
etchant, typically 30% to 40%
phosphoric acid. In the three-step
systems, etching is followed by a
priming step and application of a
bonding resin. Simplified systems
combine the primer and bonding
resin into a single solution.

The self-etch approach uses acidic
monomers to condition the tooth
surface, eliminating the need for a
separate etchant that must be

rinsed off. The simplified self-etch
systems combine conditioner,
primer, and bonding resin into a
single solution.

The ultimate test of bonding effec-
tiveness remains the clinical trial.
Clinical trials of adhesives are done
using noncarious cervical lesions,
not only for convenience but also
because the lack of any inherent
macromechanical retention means
that ineffective bonding will result
in early restoration loss. The value
of such clinical trials is somewhat
diminished by variations in the
dentin substrate, operator skill,
occlusal loading, oral hygiene, and
other factors. The complex clinical
environment makes it difficult to
discriminate the precise factors that
cause a restoration to fail.
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Various laboratory methods
are used to evaluate
adhesives—including bond
strengths measured in several dif-
ferent ways, artificial aging (by
storage in water, thermocycling, or
occlusal loading), fracture tough-
ness, fatigue resistance, micro-
and nano-leakage tests, and
margin analysis.

In regard to the etch-and-rinse
adhesives, those that contain
acetone as a solvent must be used
in a “wet bonding” technique. This
can be problematic in complex
cavity configurations, so technique
sensitivity has been an issue. The
one-bottle etch-and-rinse adhesives
are less able than the three-step
systems to fully infiltrate the col-
lagen network exposed by etching.
Technique sensitivity appears to be
less with the self-etch than with the
etch-and-rinse systems. The dentin
bond durability of mild self-etch
primer systems is good. Little
information on the all-in-one
systems was available when this
article was published.

Conclusions: Clinical trials using
noncarious cervical lesions remain
the ultimate test of bonding effec-
tiveness. However, these are costly
and time-consuming and cannot
reveal the true causes of clinical
failure. Several laboratory evalua-
tion methods are available
as alternatives.

The findings of any one laboratory
study cannot be viewed as abso-
lute. However, adhesives that have
performed less well in several inde-
pendent laboratory studies also
appear to be less clinically effec-
tive. The authors state, therefore,
that the clinical effectiveness of an
adhesive can be predicted—which
is contrary to popular belief.

The three-step total-etch systems
remain the “gold standard” in
dentin bonding, and any simplifica-
tion reduces bonding effectiveness.

C O M M E N TA RY

This is an excellent review article
from a highly respected Belgian
research group that underscores
the fact that there is a “gold

standard” in resin-dentin bonding.
The materials that have demon-
strated the overall best perfor-
mance in the laboratory and in the
clinical environment are the three-
step etch-and-rinse systems that
contain ethanol-based primers.
Unfortunately, this class of materi-
als currently receives less attention
than the various simplified systems
that dominate the market, many of
which are unproven.
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A B S T R A C T

Objective: The purpose of this
article was to review the literature
on clinical effectiveness of

contemporary adhesives, as
measured by retention of re-
storations placed in noncarious
cervical lesions.

Materials and Methods: The litera-
ture on university-based Class V
clinical trials from January 1998 to
May 2004 was reviewed for this
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paper. Restoration retention rates
in peer-reviewed publications and
International Association for
Dental Research (IADR) abstracts
were included. Materials were
divided into the four categories
described in the previous review
(plus a fifth, glass ionomers). For
each class of material, the annual
failure rate was calculated by
dividing the final retention rate by
the number of recall years and
multiplying the result by 100.

For perspective, the American
Dental Association’s (ADA)
Council on Scientific Affairs has
published guidelines for “full
acceptance” of adhesives that dem-
onstrate a 90% or greater reten-
tion rate after 18 months of
clinical service.

Results: In the 6.5-year span
covered by the review, only 35
peer-reviewed publications report-
ing clinical trials of adhesives were
found, along with 50 abstracts.

The annual failure rate of three-step
etch-and-rinse adhesives ranged
from 0 to 16%, with a mean of
4.8%. Eighty-one percent of the
three-step systems met the ADA
guidelines for full acceptance. The
range for one-bottle etch-and-rinse
adhesives was 0 to 19.5%, with a
mean of 6.2%. Only 51% of these
systems met the ADA guidelines.

For self-etching primer systems, the
annual failure rates ranged from

0 to 19.3%, with a mean of 4.7%.
Some of these were not “true”
two-step self-etch primer systems
because they included a selective
enamel-etching step. Seventy-one
percent met the ADA threshold for
full acceptance. Annual failure
rates of the all-in-one adhesives
had the largest range (0–48%) and
highest mean (8.1%). Seventy
percent of the all-in-one
adhesives met the full
ADA guidelines.

Conclusions: Of the four catego-
ries of resin-based adhesives, the
three-step etch-and-rinse and two-
step self-etch (self-etch primer)
systems provided reliable perfor-
mance in clinical trials involving
restoration of noncarious cervical
lesions. Simplification might make
adhesive application easier and
faster, but at the risk of increased
technique sensitivity and reduced
clinical performance.

C O M M E N TA RY

This review article is from the
same Belgian group that published
the De Munck paper described
above and reflects the same high
quality and comprehensive nature.

For both the etch-and-rinse and
self-etch methods of bonding, the
clinical performance of the more
complex adhesive systems exceeded
that of the simplified systems. The
three-step etch-and-rinse and self-
etch primer systems had the lowest

annual failure rates and the least
variation from study to study.

Because this Critical Appraisal is
focused on resin-based adhesives,
the glass ionomer alternative is not
included to any great extent.
However, it should be noted that
glass ionomers actually had the
best clinical performance in the
studies reviewed by these authors.
The annual failure rate of these
materials was less than 2%, and
even 5-year retention rates were in
the 84-to-100% range.

S U G G E S T E D R E A D I N G
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A B S T R A C T

Objective: The purpose of this
clinical trial was to determine
whether the use of a flexible com-
posite can improve the longevity of
composite resin restorations in
noncarious cervical lesions.

Materials and Methods: Seventy-
one subjects were enrolled in the
study, and 142 noncarious lesions
were restored. Teeth were ran-
domly assigned for treatment with
either of two three-step etch-and-
rinse adhesive systems—
Permaquick (Ultradent Products,
South Jordan, UT, USA) or Opti-
Bond FL (Kerr, Orange, CA, USA).
All lesions in the OptiBond group
were restored using a microhybrid
composite, Prodigy (Kerr). Those
treated with Permaquick were
divided into two groups for resto-
ration with either Amelogen
Hybrid (Ultradent) or Amelogen
Microfill (Ultradent). (Note:
Microfill materials have lower
elastic moduli than hybrids, so
Amelogen Microfill is the
“flexible” composite in this study.)

All restorations were placed by
two specially trained and experi-
enced dentists under rubber dam
isolation. Short enamel bevels were
placed. The composite restorative

materials were placed and light-
cured in two increments.

The restorations were evaluated by
two trained examiners at 6 months
and 1, 2, 3, 5, and 7 years after
placement. The examiners were
blinded as to type of restorative
material. They used a standard set
of criteria for evaluation, with the
most important criteria being
retention, marginal integrity, and
marginal staining.

Results: At 7 years, 112 of the
original cases were available for
recall (80.3% recall rate). The
7-year retention rates were 94%
for OptiBond FL/Prodigy, 92% for
Permaquick/Amelogen Microfill,
and 87% for Permaquick/
Amelogen Hybrid. Differences
between groups were not
statistically significant.

Defect-free margins were rare
(fewer than 30% of restorations)
at 7 years but were generally
minor and were similar in the
three groups. Most marginal stain-
ing was rated as superficial and
localized. A small percentage of
restorations (3–6%) were rated
as having clinically unacceptable
marginal stain and these
were replaced.

Conclusions: The performance of
three adhesive/composite combina-
tions was reliably good during
this 7-year clinical trial. The
stiffness of the composite re-
storative material did not affect
restoration longevity.

C O M M E N TA RY

Although the etiology of most non-
carious cervical lesions is multifac-
torial, it is quite likely that one of
the etiologic factors in some lesions
is tooth flexure. The same flexural
stresses that contribute to lesion
initiation and progression conceiv-
ably could contribute to deteriora-
tion of restorations in the cervical
area. Some authors have proposed
that the use of more flexible restor-
ative materials might absorb tooth
flexure stresses, allowing them
to be compressed rather
than dislodged.

In comparing the two restorative
materials used with the same adhe-
sive in this study, the hybrid has an
elastic modulus of 14.7 GPa and
the microfill has a modulus of
6.9 GPa. Despite this large differ-
ence in stiffness, the retention rates
of the two composites were not sig-
nificantly different. The authors’
conclusion that composite stiffness
had no effect on the performance of
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cervical restorations, therefore,
is correct.

It should be noted that both of the
adhesives tested in this study are
filled materials that form a rela-
tively thick layer at the tooth inter-
face. There is some evidence that
this thick and relatively flexible
layer can act as an “elastic buffer”
of shock absorber that could dissi-
pate stress regardless of the restor-
ative material placed over it. Thus,

the results of this study might not
apply to adhesives that do not
easily form the thicker bonding
layer (e.g., many of the one-bottle
etch-and-rinse systems). In such
cases, it is possible (but not
proven) that the use of a flexible
restorative material or flexible liner
could improve the durability of a
cervical restoration. Similarly, a
flexible material might be
beneficial in teeth under heavy
occlusal forces.
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A B S T R A C T

Objective: The purpose of this
study was to evaluate the effects of
acid-etching dentin on the long-
term performance of cervical resto-
rations bonded using a three-step
etch-and-rinse adhesive.

Materials and Methods: One
hundred noncarious cervical
lesions in 53 patients were
restored using OptiBond Dual-
Cure (Kerr) adhesive and Herculite
XRV (Kerr) hybrid composite.
(Note: OptiBond Dual-Cure was
recently taken off the market, but
a similar material—OptiBond
FL—remains available.) OptiBond
Dual-Cure was a three-step etch-
and-rinse adhesive that could be
used with the total-etch technique
involving both dentin and enamel

or with selective etching of
enamel only.

Six operators placed restorations
under isolation with cotton rolls
and retraction cord. Tooth prepa-
ration was limited to producing a
definite finish line where needed;
no bevels or mechanical retention
was placed. OptiBond Dual-Cure
was the adhesive used in all resto-
rations. In 50 teeth, only the
enamel was etched (30 seconds); in
the other 50 teeth, the enamel was
etched for 15 seconds, and then
the etchant gel was extended to the
dentin for 15 seconds. The com-
posite restorative material was
applied and cured incrementally.

The restorations were evaluated at
recalls ranging to 12 years and

were rated according to standard
modified United States Public
Health Service (USPHS) criteria.
As in the Peumans study reviewed
above, the primary outcome
variables were retention, marginal
integrity, and marginal stain.

Results: The 12-year recall rate
was 46%. The retention rates
were 93% in the selective-etch
group and 84% in the total-etch
group; however, the difference was
not statistically significant. The
overall retention rate was 89%.
Marginal integrity was excellent at
12 years, with 90% of the resto-
rations rated in the highest cat-
egory. Only 27% of restorations
failed to rate in the highest
category for absence of
marginal stain.

C R I T I C A L A P P R A I S A L
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Conclusions: The retention and
other characteristics of a dual-cure
three-step adhesive were excellent
at the 12-year recall, and were not
affected by the etching technique.

C O M M E N TA RY

This is one of the longest clinical
trials of dentin adhesives that has
been published to date. The origi-
nal purpose of the study was to
determine whether acid-etching of
dentin affected the performance of
the three-step adhesive OptiBond
Dual-Cure. This was one of the
first three-step adhesives available
that included a phosphoric

acid-etching step not only for
enamel but also for dentin.

However, that original purpose has
little meaning today. The more
relevant aspect of this study is its
length—that is, the fact that the
restorations have been tracked for
so long with a relatively high recall
rate. Remarkably, nearly 90% of
the restorations available for recall
were retained and in generally
good condition after 12 years of
clinical service—and these restora-
tions were placed without benefit
of enamel bevels or other retention
enhancements. The results of this

study provide good clinical
evidence supporting the “gold
standard” status of the three-step
adhesive systems.
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T H E B O T T O M L I N E

1. Three-step etch-and-rinse adhesives are considered the gold standard for bonding resin-based materials
to tooth structure.

2. Evidence for the dentin bonding efficacy of these adhesives is provided by laboratory testing, including
methods for artificial aging, and clinical trials, including one at 12 years.

3. The three-step etch-and-rinse adhesives bond well, not only to dentin but also to enamel.
4. In general, simplified adhesives have not performed as well as the three-step gold standard either in

laboratory testing or in clinical trials.
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