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QUESTION: Several different types
of dentin/enamel adhesives are
available and I am confused about
which one(s) to use in my practice.
Can you rate the various categories
of resin-based adhesives for me?

ANSWER: Although some publica-
tions group resin-based dentin/
enamel adhesives chronologically
(i.e., from 1st to 7th generation), a
classification according to the way
various adhesives interact with the
smear layer makes the identifica-
tion of the bonding mechanism of
each adhesive easier. This classifi-
cation results in two bonding strat-
egies and four types of adhesives:

1. Etch-&-rinse (or total-etch)
adhesives include a separate
acid-etching step, usually with
30–40% phosphoric acid
applied simultaneously
on enamel and dentin to

remove the smear layer and
superficial hydroxyapatite
a. Three-step etch-&-rinse

adhesives (acid +
primer + bonding)
Examples: Adper Scotchbond
Multi-Purpose (3M ESPE, St.
Paul, MN, USA); All-Bond 2
(Bisco Inc., Schaumburg, IL,
USA); All-Bond 3 (Bisco
Inc.); OptiBond FL (Kerr,
Orange, CA, USA)

b. Two-step etch-&-rinse adhe-
sives (acid + primer/bonding)
Examples: Adper Single
Bond Plus (3M ESPE);
ExciTE (Ivoclar Vivadent,
Amherst, NY, USA); Opti-
Bond Solo Plus (Kerr); Peak
LC Bond (Ultradent, South
Jordan, UT, USA); Prime &
Bond NT (Dentsply Caulk,
Milford, DE, USA); XP Bond
(Dentsply Caulk)

2. Self-etch adhesives do not rely
on a separate acid-etching step;
they include an acidic monomer
solution that is not rinsed off,
making the smear layer
permeable without removing
it completely
a. Two-step self-etch adhesives

(acidic primer + bonding)
Examples: AdheSE
(Ivoclar Vivadent); Adper
Scotchbond SE (3M ESPE),
Clearfil SE Bond (Kuraray,
Tokyo, Japan); Peak
SE (Ultradent)

b. One-step self-etch adhesives
(one solution or all-in-one)
Examples: AdheSE One F
(Ivoclar Vivadent); Adper
Easy Bond (3M ESPE),
Clearfil S3 Bond (Kuraray);
G-Bond (GC America, Alsip,
IL, USA); iBond SE (Heraeus
Kulzer, Armonk, NY, USA);
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OptiBond All-In-One (Kerr);
Xeno IV (Dentsply Caulk)

Laboratory (in vitro) studies with
enamel/dentin adhesives are far
more prevalent than clinical trials
for several reasons, including the
fact that laboratory tests are less
time-consuming and less expensive.
Therefore, a new version of a spe-
cific adhesive is often launched
even before the previous one has
been fully tested.1,2

In spite of being less abundant than
laboratory studies, clinical trials are
critical to test the effectiveness and
durability of any dental material.
With this in mind, I will try to
answer your question by relying
exclusively on the evidence
provided by published
clinical trials.

According to the 2001 American
Dental Association (ADA) guide-
lines for enamel and dentin adhe-
sive materials,3 resin-based
adhesives gain “provisional accep-
tance” at 6 months if their reten-
tion rate in non-carious cervical
lesions (NCCL) is at least 95%
without mechanical retention fea-
tures. Full acceptance requires a
90% retention rate at 18 months.
A systematic review by the Catho-
lic University of Leuven research
group4 analyzed 85 peer-reviewed
full papers and abstracts published
between January 1998 and May
2004, which were focused on the

clinical effectiveness of adhesives
in NCCL. Their findings are
summarized below:

1. The lowest annual failure rate
(i.e., best retention rate) was
shared by glass ionomer-based
materials and three-step
etch-&-rinse adhesives

2. The number of two-step
etch-&-rinse adhesives that
did not meet the ADA full
acceptance guidelines was
greater than that of three-step
etch-&-rinse adhesives

3. Acetone-based etch-&-rinse
adhesives had a tendency for
lower retention rates than
ethanol-based etch-&-rinse
adhesives. The authors attrib-
uted this difference to the
higher technique sensitivity of
acetone-based adhesives

4. The three-step etch-&-rinse
adhesive OptiBond FL (Kerr)
was the gold standard for
etch-&-rinse adhesives

5. The two-step self-etch adhesive
Clearfil SE Bond (Kuraray)
was the gold standard for
self-etch adhesives

6. One-step self-etch adhesives had
the highest annual failure rate
(i.e., worst retention rate) of all
types of adhesives studied

Several published clinical trials for
the subsequent period between
2004 and July 2009 might be
of additional clinical relevance
for dentists:

1. A clinical trial of restorations in
NCCL compared all four types
of resin-based adhesives made
by the same manufacturer.5 Out
of four different adhesives in
the All-Bond (Bisco Inc.)
family, only the three-step
etch-&-rinse All-Bond 3 (93.5%
retention rate at 18 months)
met the ADA requirement for
full acceptance

2. Another clinical study6 in
NCCL compared an ethanol-
based two-step etch-&-rinse
adhesive (Adper Single Bond,
3M ESPE) with an acetone-
based two-step etch-&-rinse
adhesive (One-Step, Bisco Inc.).
Retention rates were higher for
the ethanol-based adhesive than
for the acetone-based adhesive.
For example, the 36-month
retention rates were 92.3 and
56.4%, respectively

3. A 2-year clinical study in poste-
rior composite restorations7

compared the two-step etch-&-
rinse adhesive One-Step Plus
(Bisco Inc.) with three one-step
self-etch adhesives (Adper
Prompt L-Pop, 3M ESPE; Clear-
fil S3 Bond, Kuraray; and iBond,
Heraeus Kulzer). Only the etch-
&-rinse adhesive resulted in
excellent marginal adaptation at
2 years. One of the self-etch
adhesives, iBond, resulted in
unacceptable clinical perfor-
mance. Authors concluded that
etch-&-rinse adhesives are still
the benchmark for all adhesives
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4. Clearfil SE Bond (Kuraray), a
two-step self-etch adhesive,
solidified its reputation as the
reference against which all other
self-etch adhesives are
compared.8–11 The retention rate
for this material was excellent
up to five years;† however,
because of the primer’s mild
acidity, enamel marginal adapta-
tion and discoloration remain a
concern. Additional enamel
etching resulted in an improved
marginal adaptation at 5 years10

5. Although the one-step self-etch
adhesive Clearfil S3 Bond
(Kuraray) did not meet (77.3%
retention rate) the ADA
18-month full acceptance guide-
lines in one study in NCCL, it
reached 93.4% retention rate in
the same study when a coat of a
hydrophobic resin was applied
over the adhesive, transforming
it in a two-step self-etch adhe-
sive.13 In the same study, iBond,
a one-step self-etch adhesive,
resulted in a 60% retention rate
at 18 months. However, the
retention increased to 83%
when a coat of a hydrophobic
resin was applied over the

adhesive, also transforming it
in a two-step self-etch adhesive

6. Although only a few studies
have included resin-modified
glass-ionomer-based (RMGI)
materials, their retention rate is
similar to that of three-step
etch-&-rinse adhesives in
studies up to 13 years.11,14–17 In
one study,14 the 5-year retention
rate in NCCL of the RMGI
Vitremer (3M ESPE) was
96.4%, whereas that of ExciTE
(Ivoclar Vivadent), a two-step
etch-&-rinse adhesive, was
51.5%. In the 13-year study,
the annual retention rate of
Vitremer was 97.3%.17

However, RMGI restorations
tend to be less esthetic than
composite restorations.

The findings of the most recent
studies confirm the trend observed
in the 1998–2004 systematic
review: three-step etch-&-rinse
adhesives still result in the best
clinical outcome of all resin-based
adhesives; one-step self-etch adhe-
sives have not yet matched the
clinical reliability provided by
the other types of adhesives;
and ethanol-based etch-&-rinse
adhesives might be less technique-
sensitive than acetone-based
etch-&-rinse adhesives.

Newer does not always mean
better. A giomer (Reactmer,
Shofu Inc., Kyoto, Japan), one
of the recent additions to the

armamentarium of restorative
materials available to clinicians,
did not perform well in a 5-year
clinical trial, as only 49% of the
restorations were retained and had
protruded out of the tooth, prob-
ably as a result of excessive water
sorption.18 On the contrary, at
least one resin-based adhesive has
outlasted its initial expectations.
Two studies reported a retention
rate of 89% at 12 years (with
roughened dentin)19 and 97% at
13 years for the original OptiBond
adhesive.20 In each study, dentin
was etched for half of the restora-
tions, but only enamel was etched
in the others. Another 13-year
follow-up reported an annual
retention rate of 96.9% for
OptiBond with enamel and
dentin etching.17
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Editor’s Note: If you have a question on any aspect of esthetic dentistry,
please direct it to the Associate Editor, Dr. Edward J. Swift, Jr. We will
forward questions to appropriate experts and print the answers in this
regular feature.
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