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Restoration Interface
Microleakage Using
One Total-etch and

Three Self-etch Adhesives

Clinical Relevance

The common belief that simpler, speedier, more user-friendly adhesives always reduce
technique sensitivity should be revaluated. Clinicians should resist the attraction of new,
faster, easier-use materials and ask for laboratory and clinical studies before switching to
a new material.

SUMMARY

This study evaluated the efficacy of a total-etch
and three self-etch adhesives in reducing
microleakage after three months water storage
and thermocycling.

Thirty freshly extracted caries-free human pre-
molars and molars were used. Class V standard-
ized preparations were performed on the facial
and lingual surfaces, with the gingival margin
placed 1 mm below the CEJ. The teeth were ran-
domly divided into four groups; Group I: Xeno III
one-step self-etch adhesive (Dentsply/Caulk),
Group II: Prime & Bond NT total-etch adhesive

(Dentsply/Caulk), Group III: i-Bond one-step self-
etch adhesive (Heraeus Kulzer) and Group IV:
Clearfil SE Bond two-step self-etch adhesive
(Kuraray Medical). The teeth were restored using
2 mm increments of shade A2 resin composite
(Esthet-X, Dentsply/Caulk). Each layer was cured
using the Spectrum 800 curing light
(Dentsply/Caulk) for 20 seconds at 600mW/cm2.
The teeth were stored in distilled water for 90
days. Samples were thermocycled 500x between
5°C and 55°C with a dwell time of 30 seconds, then
placed in a 0.5% methylene blue dye solution for
24 hours at 37°C. Samples were sectioned longi-
tudinally and evaluated for microleakage at the
occlusal and gingival margins under a stereomi-
croscope at 20x magnification. Dye penetration
was scored: 0=no penetration; 1=partial dye pen-
etration along the occlusal or gingival wall;
2=dye penetration along the occlusal or gingival
wall; 3=dye penetration to and along the axial
wall.

A Mann-Whitney test was used to demonstrate
significantly more dye penetration in Group III
than in the other groups at both the occlusal and
gingival scores (p<0.0001). When comparing the
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180 Operative Dentistry

occlusal and gingival scores for each group, the
Wilcoxon Rank test showed no significant differ-
ence in dye penetration for Xeno III (p>0.05),
Prime & Bond NT (p=0.059) and I Bond (p=0.083),
and Clearfil SE Bond yielded more dye penetra-
tion at the occlusal than at the gingival wall
(p=0.001).

INTRODUCTION

In the early 1990s, the introduction of the three-step
total-etch adhesive system represented a revolution in
adhesive dentistry. Once dentin is etched with phos-
phoric acid and the etchant is rinsed off, hydrophilic
primers are used before applying a uniform layer of
hydrophobic resin to complete hybridization.1 However,
the recent trend in adhesive products is to simplify the
process into two steps or even one (single) step to make
user-friendly and time saving products. Two-step total-
etch adhesive systems and two-step self-etch adhesives
were introduced into the market in the late 1990s.

In two-step total-etch systems, a separate etch and
rinse phase is still involved, but a hydrophilic primer
and hydrophobic resin are combined into one applica-
tion. Although increased technique sensitivity is report-
ed1-2 for total-etch adhesives, a similar clinical perform-
ance is achieved for both conventional and simplified
total-etch adhesive versions.3-4

Self-etch adhesives represent an alternative approach
in enamel-dentin bonding. They do not require a sepa-
rate acid etch step and are based on the use of non-
rinse acidic monomers that simultaneously condition
and prime dentin and enamel.1,5-6 This approach elimi-
nates the rinsing phase and does not require applica-
tion of the primer in particular conditions of wetness
due to the self-etch adhesives’ water content; reduced
technique-sensitivity and the risk of making errors dur-
ing application are achieved. For these reasons, their
popularity is increasing.7

Two-step self-etch adhesives are based on the sepa-
rate application of self-etch primer and hydrophobic
resin; they usually use a mild self-etch primer. Mild
self-etch systems (pH≤2) are able to partially remove
the smear layer and penetrate the dentinal surface,
creating a less pronounced resin tag formation and
hybrid layers that are thinner than those of total-etch
systems. Very high dentin bond strengths, comparable
to those obtained with total-etch adhesives, are report-
ed;8-9 conversely, a common concern is their inability to
etch enamel to the same depth as phosphoric acid.10

Recently, further simplification has been achieved by
introducing single-step self-etch adhesives that com-
bine self-etch primer and hydrophobic resin into one
application. For this reason, these single-step self-etch
adhesives are also called “all-in-one” adhesive systems.
They may have either mild or strong acidity. Strong

self-etch adhesives (pH≤1) have been documented with
ultra-morphological characteristics very similar to
those produced by total-etch adhesives; their mecha-
nism of bonding to dentin resembles that reported for
total-etch adhesives with typical hybridization
achieved by total-etch adhesives and the abundant for-
mation of resin tags. However, all the materials in this
group are characterized by increased hydrophilicity
and water permeability; they are reported to act as
semi-permeable membranes that permit the diffusion
of water molecules from dentin across the adhesive
interface.11-13

The objective of this study was to test the null hypoth-
esis that two “all-in-one” adhesives do not perform bet-
ter than two-step self-etch and two-step total-etch
adhesives in reducing microleakage; another objective
was to determine whether the tested adhesives would
perform as well on enamel as dentin.

METHODS AND MATERIALS

Thirty freshly extracted, caries free human premolars
and molars were kept in distilled water at 4°C for 24
hours. Class V cavities were prepared, with the gingi-
val margin 1 mm below the CEJ, using a #4 round bur
(Brasseler, Savannah, GA, USA) with a high speed
handpiece and copious amounts of water. The prepara-
tions were standardized at 4 mm long, 3 mm wide and
2 mm in depth and placed either on the facial or lingual
surface of each tooth. No bevels were placed. The teeth
were randomly divided into four groups corresponding
to each adhesive system (Table 1). Fifteen teeth were
assigned to each group.

In Group I, a one-step self-etch adhesive system
(Xeno III, Dentsply/Caulk Milford, DE, USA) was
applied on dry dentin and enamel surfaces, according to
the manufacturer’s instructions.

In Group II, each prepared tooth was etched with 34%
H3PO4 (Tooth Conditioner Gel-Dentsply/Caulk) for 15
seconds, rinsed for 20 seconds, then gently blown to
remove excess water, being careful to maintain a moist
surface; a total etch nanofilled acetone-based adhesive
system (Prime & Bond NT- Dentsply/Caulk) was
applied, according to the manufacturer’s instructions.

In Group III, a one-step self-etch adhesive system (i-
Bond, Heraeus Kulzer, Armonk, NY, USA) was applied
on dry enamel and dentin, according to the manufac-
turer’s instructions.

Group Adhesive System Manufacturer

I Xeno III Dentsply/Caulk

II Prime & Bond NT Dentsply/Caulk

III i-Bond Heraeus Kulzer

IV Clearfil SE Bond Kuraray Medical

Table 1
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In Group IV, a two-step self-etch adhesive system
(Clearfil SE Bond, Kuraray Medical, Osaka, Japan)
was applied on dry enamel and dentin, according to the
manufacturer’s instructions.

The restorations were completely filled using wedge-
shaped shade A2 composite increments (Esthet-X,
Dentsply/Caulk), with each layer not being more than 2
mm thick, and cured for 20 seconds at 600mW/cm2

using a Quartz-Tungsten-Halogen light (Spectrum 800,
Dentsply/Caulk). The curing light built-in radiometer
was used to check for light efficiency before starting
each restoration. The restorations were finished using
carbide burs and polished using a one-step diamond
micro-polisher system (Pogo, Dentsply/Caulk). All the
teeth were stored in distilled water at 37°C for three
months.

After storage, the restored teeth were thermocycled
500x at temperatures of 5°C and 55°C. The dwell time
was 30 seconds in each water bath, with a transfer time
of 30 seconds between each bath. The samples were
then blotted dry with a paper towel and the roots were
sealed with sticky wax. An acid-resistant varnish (nail
polish) was applied to all surfaces of the teeth except for
1 mm adjacent to the restoration margins. The teeth
were embedded in acrylic resin blocks (Orthodontic
Resin, Dentsply). All specimens were then immersed in
0.5 methylene blue dye solution for 24 hours. The teeth
were rinsed in running water, blotted dry, then sec-
tioned longitudinally from the facial to lingual surface
with a water-cooled diamond wheel saw (Isomet,
Buehler, Lake Bluff, IL, USA). Three longitudinal sec-
tions were performed: one in the middle and the other
two close to the mesial and distal margins of the
restoration.14-15 Dye penetration at the occlusal and gin-
gival margin was examined by two independent evalu-
ators using a stereomicroscope at 20x and scored
according to the following criteria: 0=no dye penetra-
tion; 1=partial dye penetration along the occlusal or
gingival wall; 2=dye penetration along the occlusal or
gingival wall, but not including the axial wall; 3=dye
penetration to and along the axial wall.16-17

RESULTS

Statistical analysis was performed utilizing the
Kruskal-Wallace one-way ANOVA followed by a Mann-
Whitney test. The difference between the occlusal and
gingival dye penetration scores for each group was ana-

lyzed by the Wilcoxon Signed Rank test. Statistical
analysis was performed using the following computer
program: Statistical Package for the Social Sciences
(SPSS Inc, Chicago, IL, USA).

Dye penetration scores for the occlusal and gingival
walls are presented in Table 2. Kruskal-Wallis one-way
ANOVA indicated significant differences between
groups for occlusal and gingival scores (χ2 df=3 =36,
p<0.0001, χ2 df=3 =45.6, p<0.0001, respectively). The
Mann-Whitney test was performed to evaluate signifi-
cant differences of occlusal scores between groups. The
results demonstrated no significant leakage differences
among Xeno III, Prime & Bond NT and Clearfil SE
Bond (p>0.05). Conversely, i-Bond had significantly
more dye penetration when compared to Xeno III,
Prime & Bond NT and Clearfil SE Bond (p<0.0001).

Gingival scores between groups showed some signifi-
cant differences (p>0.05): i-Bond showed significantly
more dye penetration when compared to Xeno III,
Prime & Bond NT and Clearfil SE Bond (p<0.0001).

When comparing the occlusal and gingival scores for
each group, the Wilcoxon Rank test showed no signifi-
cant difference in dye penetration for Xeno III (p>0.05),
Prime & Bond NT (p=0.059) and i-Bond (p=0.083).
Clearfil SE Bond yielded more dye penetration at the
occlusal wall than at the gingival (p=0.001).

DISCUSSION

Various techniques have been used to assess dye pene-
tration in microleakage studies. In this study, the eval-
uation of dye penetration was scored after three facio-
lingual sections and optical microscopic observation to
assess microleakage along the entire length of the
preparation interface. Numerous studies utilize a sin-
gle section through the center of the restoration,18-20

resulting in in vitro microleakage being underestimat-
ed.14-15 A three-dimensional evaluation has also been
proposed as an alternative method to evaluate
microleakage;21-22 the entire restoration is removed in an
attempt to reveal more extensive dye penetration. This
technique is more time consuming and does not allow
for good evaluation of dentin tubule leakage.23 The tech-
nique adopted in this study may represent the most
appropriate method to assess microleakage.14-15,24

The adhesive i-Bond one-step self-etch reported the
highest microleakage score both on enamel and dentin,

with partial and extensive dye pene-
tration along the occlusal and gingival
walls. Conversely, the other one-step
self-etch adhesive, Xeno III, reported
results very similar to the two-step
total-etch adhesive Prime and Bond
NT and the two-step mild self-etch
adhesive Clearfil SE Bond.

Occlusal Gingival

Group 0 1 2 3 0 1 2 3

Xeno III (n=45) 17 23 5 0 15 25 5 0

Prime & Bond NT (n=45) 11 33 1 0 17 26 2 0

i-Bond (n=45) 0 27 16 2 1 26 18 0

Clearfil SE Bond (n=45) 16 25 3 1 23 22 0 0

Table 2: Dye Penetration Scores for the Tested Materials
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Although a differing performance could be expected
between i-Bond and Prime & Bond NT or Clearfil SE
Bond, the same difference could not be predicted
between i-Bond and Xeno III, since both use a single-
step application procedure. According to Van Meerbeek
and others,25 i-Bond and Xeno III have a very similar
acidity (pH around 1.5), which should bring about a
very similar demineralization pattern.

However, the two “all-in-one” adhesives present some
peculiarities. Xeno III is a two part (Liquid A and
Liquid B) self-etch adhesive; i-Bond is a one component
self-etch adhesive with acidic and resin monomers, sol-
vent and water included in the same bottle. The chem-
ical composition is quite different. One adhesive (Xeno
III) uses ethanol as a solvent, the other acetone; the
acidic monomers are different: i-Bond utilizes 4-META
and Xeno III contains Pyro-EMA. Both systems use
UDMA as a resin monomer; however, the balance of
water-acidic monomers and resin monomers in self-
etch adhesives is paramount in optimizing bond effica-
cy to dentin.26

Xeno III contains nanofillers; previous findings27-28

reported that the collagen fibril network mostly filters
out nanofillers, holding them at the hybrid layer sur-
face, thus acting as an intermediate shock absorber. A
reduced microleakage score has been reported when
using filled adhesives.29-30 These differences in chemical
composition may have helped to create a thicker, more
homogeneous resin layer above the hybrid layer using
Xeno III; the authors of this study speculate that it
resulted in improved resistance to microleakage.
However, King and others31 reported that the improved
performance of both Xeno III and i-Bond can be
achieved by converting the one step to a two step self-
etch adhesive through the adjunctive application of a
hydrophobic resin layer. The resin layer is applied and
light cured over the self-etch adhesives. This resin coat
helps to reduce the amount of hydrophilic and acidic
resin component in the bonded dentin interface, ren-
dering these self-etch adhesives less permeable.

Clearfil SE Bond is a mild two-step self-etch adhesive
with a pH very close to 225. It was not surprising to see
more extensive leakage on enamel than dentin with
this product; it is well known that the bonding effec-
tiveness of mild two-step self-etch adhesive to enamel is
questionable. Some laboratory studies reported equal
or reduced enamel bonding effectiveness as compared to
conventional phosphoric acid etching.6,32-33 However, in
the current study, there was no significant difference
when comparing the enamel microleakage scores of
Clearfil SE Bond and Prime & Bond NT, both two-step
total-etch adhesives.

Mild self-etch adhesives produce hybrid layers (HL)
thinner than total-etch systems. As dentin demineral-
ization is less pronounced, smear plugs occlude the ori-

fice of the dentinal tubules, which are partially infil-
trated by resin; a reduced resin tag formation occurs
with these systems.32,34 Despite the limited thickness of
HL, Clearfil SE Bond has been reported to result in
very high dentin bond strengths comparable to or even
higher than the ones obtained with total-etch adhe-
sives.25,35 These findings corroborate the results of this
study: Clearfil SE Bond reported minimal dye penetra-
tion in dentin. Noteworthy, collagen fibrils within the
hybrid layer are not completely deprived of hydroxyap-
atite; it was hypothesized that the residual hydroxyap-
atite may serve as a receptor for additional intermolec-
ular interaction with specific monomers of the mild
self-etch adhesive.1 It was suggested that the bonding
effectiveness of mild self-etch adhesives may result
from a combined micromechanical and chemical inter-
action with tooth substrate;25,36 the chemical component
may be able to compensate for the reduced bonding
effectiveness from decreased micromechanical inter-
locking.

Interestingly, Prime & Bond NT reported enamel and
dentin microleakage scores similar to both Clearfil SE
Bond and Xeno III; decreased dye penetration was
expected for Prime & Bond NT, at least at the enamel
cavosurface margins. The authors of this study hypoth-
esized that the hybrid layer created by Prime & Bond
NT may be more susceptible to a hydrolytic process
than the hybrid layer that forms as a consequence of
the application of self-etch adhesives. Koshiro and oth-
ers37-38 reported that the bonding interface, using a mild
self-etch adhesive, was more stable over time than the
bonding interface of a total-etch adhesive. The combi-
nation of mild self-etch adhesives and micromechanical
and chemical bonding may increase the longevity of the
restorations, as the chemical interaction may result in
bonds that better resist hydrolytic degradation
(nanoleakage).1,4,25

This research study adopted a combination of two
commonly used aging processes to simulate the degra-
dation of bond over time in the oral cavity: aging by
storage and aging by thermocycling. The efficacy of
thermocycling on microleakage as a simulation of clini-
cal aging has been the subject of controversy among
researchers.39-40 De Munck and others reported that the
effect of thermocycling and water storage on microleak-
age is minimal compared with its effect in bond
strength tests.4 Noteworthy was the resulting enamel
and dentin microleakage score for Prime & Bond NT. It
was higher than that reported in other research studies
where thermocycling was the only artificial aging
method adopted.30,41 Although a single section through
the center of the restoration was adopted in these
research studies, it may be speculated that the combi-
nation of the two aging processes can increase the effect
on artificial aging, thus increasing microleakage.
Further research should focus on the effect of these
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combined artificial aging methods on microleakage
through the use of proper controls; comparison of three-
or two-step total-etch vs self-etch adhesives may be
required with and without the effect of differing artifi-
cial aging methods.

As manufacturers launch new “all-in-one” self-etch
adhesives before the conclusion of independent ongoing
studies, efforts toward future research should be direct-
ed to assess the quality and reliability of these materi-
als through both laboratory and clinical evaluations.
These steps should be taken before their introduction to
the market.

CONCLUSIONS

The results of this in vitro study rebut the common
belief that simpler, speedier, more user-friendly adhe-
sives always reduce technique sensitivity. Although no
over-drying or over-etching of dentin can occur with
the use of self-etch adhesives, some systems, especial-
ly “all-in-ones,” demonstrated sub-par performance
when compared to total-etch adhesives; recent
research supports this finding.42

The first null hypothesis was partially satisfied: i-
Bond one–step self-etch adhesive reported higher
enamel and dentin microleakage scores than two-step
self-etch and two-step total-etch adhesives; conversely,
Xeno III one–step self-etch adhesive performed as well
as the other two adhesives evaluated.

All the adhesives tested performed as well in enamel
as in dentin, with the exception of Clearfil SE Bond.
Clearfil reported higher microleakage scores in enam-
el than in dentin.

(Received 9 April 2006)
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