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ABSTRACT

The purposes of this study were to compare the effects of one or two applications of all-in-one adhesives
on microtensile bond strengths (#TBS) to unground enamel and to investigate the morphological changes in
enamel surfaces treated with these adhesives using a scanning electron microscopy (SEM).

Twenty-five noncarious, unrestored human mandibular molars were used. The unground enamel surfaces

were cleansed with pumice. The following adhesives were applied to lingual, mid-coronal surfaces according
to manufacture’s directions: Clearfil SE bond in SE group, Adper Prompt L-Pop™1 coat in LP1 group, 2
coats in LP2 group, Xeno"ll 1 coat in XN1 group, and 2 coats in XN2 group. After application of the adhe-
sives, a hybrid light-activated resin composite was built up on the unground enamel. Each tooth was sec-
tioned to make a cross-sectional area of approximately 1.0 mn’ for each stick. The microtensile bond
strength was determined. Each specimen was observed under SEM to examine the morphological changes.

Data were analyzed with one-way ANOVA.
The results of this study were as follows:

1. The microtensile bond strength values were; SE (19.77 + 2.44 MPa), LP1 (13.88 + 3.67 MPa), LP2
(14.50 + 2.52 MPa), XN1 (14.42 + 2.51 MPa) and XN2 (15.28 + 2.79 MPa). SE was significantly
higher than the other groups in bond strength (p < 0.05). All groups except SE were not significantly

different in bond strength (p < 0.05).

2. All groups were characterized as shallow and irregular etching patterns. (J Kor Acad Cons Dent

31(6):445-451, 2006)
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Enamel adhesion is one of the important factors
for the longevity of restorations because failure of
sealing in the enamel margin leads to leakage of
oral fluid and bacterial invasion, and finally
results in hypersensitivity and secondary caries.
Marginal discoloration and recurrent caries are
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the most frequent reasons for replacement of resin
composite restorations’.

Opdam et al.” reported that the Class I resin
composite restorations placed in vivo are fre-
quently found (i.e., 43%) to have overextended
cervical margins. It is often difficult to remove the
overextended cervical margins of approximal
restorations without damaging the gingival tis-
sues. In addition, some operators preferred to
etch and bond materials over the existing enamel
without removing any tooth structure when per-
forming a laminated veneer restoration or
diastema closure work”. Thus, optimal bonding to
unground enamel, as well as ground enamel, is
important to obtain good clinical performance of
resin composite restorations. Most of the adhesive
restorative materials are developed through bond-
ing tests to ground enamel surfaces”. However,
not all enamel margins are prepared. Therefore,
the bonding performance of the current adhesive
systems should be evaluated on the unground
enamel surfaces.

Many types of resin bonding systems have been
developed in the last decade, however, current
resin bonding systems can generally be divided
into etch and rinse, self-etching primer and self-
etching adhesive in terms of means to achieve the
goal of micromechanical retention between resin
and dentin”. Contemporary self-etching primers
and the recently introduced all-in-one adhesives
are attractive additions to the clinician’ s bonding
armamentarium. They are user-friendly in that
the number of steps required in the bonding pro-
tocol is reduced.

Introduced in 1955 by Buonocore”, enamel etch-
ing is conventionally achieved by phosphoric acid
conditioning to cause preferential dissolution of
interprismatic enamel, allowing micro-mechanical
retention by adhesive resins”. Bond strength is
reported to correspond to intraprismatic penetra-
tion of resin tags, highlighting the importance of a
successful etching regimen”. However, in most
studies, when self-etching adhesives are used,
shallow and irregular etching patterns are
observed on intact enamel” . Also Kanemura et
al.' concluded that the self-etching adhesives
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had low bond strengths to intact enamel. On the
other hand, self-etching adhesives have been
reported to bond well to normal dentin and
ground enamel”. In addition, multiple consecu-
tive applications of adhesives on dentin surface
have increased bond strengths'”.

The purposes of this study were to compare the
effects of one or two applications of all-in—one
adhesive on microtensile bond strengths(#TBS) to
unground enamel and to investigate the morpho-
logical changes in enamel surfaces treated with
these adhesives using a scanning electron
microscopy (SEM).

I'. MATERIALS AND METHODS

The two adhesives evaluated were an unfilled,
all-in-one adhesive, Adper Prompt L-Pop™ (3M
Dental Products, St. Paul, MN, USA) and a
filled, all-in-one adhesive, Xeno® I (Densply
Caulk, Milford, DE, USA). In addition, two-step
self-etching primer, Clearfil® SE Bond (Kurarary
Medical Inc., Okayama, Japan) was used as a
control. The compositions of these adhesives are
shown in Table 1.

Twenty-five noncarious, unrestored human
mandibular molars that were extracted for peri-
odontal problems were used in this study. The
unground enamel surfaces were cleansed with
pumice using a rubber cup engaged in a slow
speed dental handpiece. Because of the need for a
flat enamel surface, the mid-coronal portion of
lingual surface of these teeth was utilized for all
bonding experiments.

1. Microtensile bond strength evaluation

Fifteen molars were used for this part of the
experiment. All teeth were randomly divided into
five groups so that each group contained three
teeth. In group SE, Clearfil™ SE Bond was
applied. In group LP1, Adper Prompt L-Pop™ was
applied and light-cured. In group LP2, after light-
curing the first layer, the adhesive was re-
applied. In group XN1, Xeno® Il was applied and
light-cured. And in group XN2, after light-curing
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Table 1. Components of the adhesive systems used in this study

System Compositon
Clearfil SE Bond Primer - MDP, HEMA, Camphorquinone, Water,
Hydrophilic dimethacrylate, N,N-Diethanol p-toluidine
Bond - MDP, HEMA, Bis-GMA, Microfiller
Hydrophilic dimethacrylate, N,N-diethanol p-toluidine,
Camphorquinone
Adper Prompt L-Pop™ Liquid A - Methacrylated phosphoric esters,

Bis-GMA, Stabilizers, Initiators based on camphorquinone

Liquid B - Water, 2-HEMA, Polyalkenoic acid, Stabilizers

Xeno® Il Liquid A - 2-HEMA, BHT, Microfiller, Water, Ethanol
Liquid B - Pyro-EMA, PEM-F, UDMA, BHT, EPD, Camphorquinone

the first layer, the adhesive was re-applied and
light-cured. The five groups were etched and
bonded in the manner described in Table 2. A
hybrid light-activated resin composite, Z100 (A2;
3M Dental Products, St. Paul, MN, USA) was
built up incrementally in five layers. Each incre-
ment was 2 mm and light-cured for 20 s. The bond-
ed teeth were then stored in distilled water at 37
C for 24 h prior to sectioning.

Each tooth was sectioned using a high speed
precision cut-off machine (Accutom-50: Struers,
Ballerup, Denmark) under water lubrication to
make a cross-sectional area of approximately 1.0
m” for each stick. Ten sticks for each group were
used for #TBS test. The stick was fixed to the test
bed using cyanoacrylate adhesive (Zapit; DVA,
Corona, CA, USA). The sticks were pulled to fail-
ure under tension using a Micro Tensile Tester
(Bisco inc., Schaumburg, IL, USA) at a crosshead
speed of 1 mm/min.

2. Statistics

Bond strength data obtained for the five groups
(SE, LP1, LP2, XN1 and XN2) were analyzed
with the SPSS 12.0K for Windows (SPSS Inc.,
Chicago, IL, USA). A one-way analysis of vari-
ance (ANOVA) followed by Duncan s post-hoc
test was computed.

Table 2. Adhesive systems tested in the study and
application protocoly

Treatment groups Application protocol

Dry enamel.

Apply primer. Leave for 20 sec.
SE Gentle air dry.

Apply bond. Air thin slightly.

Light cure for 10 sec.

Apply scrubbing continuously for
15 sec.
LP1 Gentle air dry.
Light cure for 10 sec.
Apply 1 coat.

Apply consecutive coat.
Gentle air dry.

LP2 .
Light cure for 10 sec.

Apply 2 coats.

Mix for 5 sec.
Apply mixture onto surface.
Leave for 20 sec.
XN1 Uniformly spread adhesive by
a gentle blow of air.
Light cure for 10 sec.
Apply 1 coat.

Apply consecutive coat.
Gentle air dry.

XN2 .
Light cure for 10 sec.

Apply 2 coats.

SE: Clearfil SE Bond
LP: Adper Prompt L-Pop™
XN Xeno® Il
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3. Scanning electron microscopy examination

Lingual enamel surfaces of the two teeth from
each group were conditioned with the self-etching
adhesives, in a same manner described in Table
2. In LP2 and XN2 groups, however, the enamel
surfaces were applied consecutive coat without
light-curing the first layer. Enamel etched with
self-etching adhesive was rinsed with acetone for
10 s to remove the self-etching adhesive. Then,
the specimens were dehydrated with an ascending
series of ethanol (70, 80, 90 and 100%) for 1 min
each. All the teeth were allowed to air-dry. They
were secured to aluminum stubs, sputtered coat-
ed with gold/palladium and examined using a
scanning electron microscope (S-4200; HITACHI,
Tokyo, Japan) operation at 15 kV. The mid-coro-
nal part of the lingual etched surface of each
tooth was examined (x 1000).

L

(d)

. RESULTS

1. Microtensile bond strength

Table 3 lists the #TBS of the all-in-one adhe-
sives (Group LP1, LP2, XN1 and XN2) as well as
the control two-step self-etching primer (Group
SE) on unground enamel. The mean bond
strength of the SE group was 19.77 MPa and that

Table 3. Microtensile bond strengths (MPa, Mean + SD)

Groups UTBS
SE 19.77 + 2.44°
LP1 13.88 + 3.67"
LP2 14.50 = 2.52"
XN1 14.42 + 2.51°
XN2 15.28 + 2.79°

Different superscripts are significantly different (p ¢ 0.05).

Figure 1. The SEM photographs show unground enamel surface treated with the two-step self-etching primer, Clearfil™
SE Bond (a), the unfilled, all-in-one adhesive, Adper Prompt L-Pop™ (b; 1 coat, ¢: 2 coats) and the filled, all-in-one

adhesive, Xeno® Il (d: 1 coat, e: 2 coats) (x 1000).
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of the other groups varied between 13.88 and
15.28 MPa. Statistically significant differences
were found between group SE and the other
groups (p € 0.05).

2. Ultrastructural features

SEM images of unground enamel surfaces,
treated with the adhesives, are shown in Figure 1.
Unground enamel surfaces did not have different
surface morphologies depending on whether they
were etched one or two times. A non-uniform
etched pattern was exhibited with the use of all
adhesives. Prismatic structures of enamel were
not clearly observed.

V. DISCUSSION

Bonding to the unground enamel surface is
important to prevent marginal microleakage and
for the retention of pit and fissure sealants. In
addition, clinically, not all enamel margins are
prepared'’. Therefore, we have to test about bond
strength to the unground enamel surfaces as well
as ground surfaces.

Recently introduced all-in-one adhesives simpli-
fied clinical applications and reduced post-opera-
tive sensitivity and technique sensitivity.
However, recent studies showed that some all-in-
one adhesives exhibited relatively low bond
strengths when compared with phosphoric acid
etching” and two-step self-etching systems'. In
dentin bonding, this problem was overcome by
multiple applications of adhesives' .

Therefore, in this study, we investigated the
effects of one or two applications of all-in-one
adhesive on microtensile bond strength to
unground enamel. According to the result of this
study, there were significant differences in the
microtensile bond strength to unground enamel
treated with either Clearfil® SE bond or Prompt
L-Pop", Xeno®” II. Our results confirmed those of
Senawongse et al.”, who reported significant dif-
ferences between unground enamel-resin bonds
produced following two-step self-etching primers
versus all-in-one adhesives. Nikaido et al.'” sug-

gested that double application of a self-etching
primer improved the bond strength of paste-type
resin-modified glass ionomer cements and resin
composite to enamel. According to our results,
however, there were no significant differences in
the effects of one or two coats of all-in-one adhe-
sive on microtensile bond strength to unground
enamel. Consequently, in contrast to multiple
applications increased the bond strength in dentin
surfaces, there were no increase in unground
enamel bond strength.

The unground enamel surface is hypermineral-
ized and contains more fluoride than ground
enamel. This infers that saturated calcium phos-
phate in the saliva might hypermineralize the
enamel, and fluorine ions can convert the hydrox-
yapatite into fluoroapatite'”. Hence, in this layer,
the etching effects relatively were less than those
on ground enamel and dentin surface'.

The abilities of etching the aprismatic enamel
surface were affected by the pH and the etching
time of acid"”’. However, a thick prismless enamel
layer may prevent the permeation of all-in-one
adhesives, thus leaving some areas partially
unetched”. Because the etching abilities of all-in-
one adhesives are insufficient, penetration of the
adhesive resin into microporosities of unground
enamel surface are deficient. In addition, the
manufacturer-recommended etching time was
short to demineralize the enamel surface®"’.
Ferrari et al.*” concluded that the performance of
the all-in-one adhesive provided adequate mar-
ginal seals of Class V cavities both in vitro and in
vivo when the all-in-one adhesive is applied for
60 s instead of the manufacturer-recommended
30 s etch. For this reasons, we concluded that
all-in-one adhesives did not have sufficient bond
strength at the initial adhesive layer, thus the
second application of these adhesives did not
affect to the bond strength on unground enamel
surface.

Miyazaki et al.”
filler level (i.e., 10 wt%) in bonding agent opti-
mized the dentin bond strength. In our study,
however, there were statistically no significant
differences between unfilled groups and filled

)

concluded that the adequate
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groups. It may be related to the chemical and
micromorphologic differences between intact
unground enamel and ground enamel®”.

Kanemura et al."” showed that the etching pat-
tern of all-in-one adhesives was not deep enough
to obtain good penetration of bonding resin when
applied to unground enamel. Similarly, the SEM
evaluation of this study revealed that the etching
patterns in all groups were shallow, poorly
defined, and structurally incomplete.

V. CONCLUSIONS

Within the limits of this study, it may be con-
cluded that the two all-in-one adhesives exam-
ined produced low microtensile bond strengths to
unground enamel. There was no correlation
between their number of application times and
the strength of their bonds to unground enamel.
In addition, the etching pattern of all-in-one
adhesives was shallow and irregular.

Therefore, improvements may be necessary in
the formulations of all-in-one adhesives or in the
instructions for their use in order to achieve opti-
mal bond strengths to unground enamel surface.
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