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Abstract
Purpose The purpose of this study is to assess the marginal
adaptation of cavities restored with a three-step etch-and-
rinse adhesive, OptiBond FL (OFL) under different appli-
cation protocols.
Materials and methods Twenty-four class V cavities were
prepared with half of the margins located in enamel and half
in dentin. Cavities were restored with OFL and a micro-
hybrid resin composite (Clearfil AP-X). Three groups (n08)
that differed in the etching technique were tested with ther-
momechanical loading, and specimens were subjected to
quantitative marginal analysis before and after loading. Mi-
cromorphology of etching patters on enamel and dentin
were observed with SEM. Data was evaluated with Kruskal–
Wallis and Bonferroni post hoc test.
Results Significantly lower percent CM (46.9±19.5) were
found after loading on enamel in group 3 compared to group

1 (96.5±5.1) and group 2 (93.1±8.1). However, no signif-
icant differences (p00.30) were observed on dentin
margins.
Conclusions Etching enamel with phosphoric acid but
avoiding etching dentin before the application of OFL,
optimal marginal adaptation could be obtained, evidencing
a self-etching primer effect.
Clinical relevance A reliable adhesive interface was
attained with the application of the three-step etch-and-
rinse OFL adhesive with a selective enamel etching, repre-
senting an advantage on restoring deep cavities.

Key words Etch and rinse . OptiBond FL .Marginal
adaptation . Class V . Etch pattern

Introduction

Adhesive systems can be classified according to their etch-
ing technique into etch-and-rinse (E&R) and self-etch (SE)
products. E&R adhesive systems were the first to be intro-
duced in the market and are often considered as being the
adhesive system of reference [1–3].

OptiBond FL (OFL, Kerr, Orange, CA, USA) is a
particle-filled, ethanol-based three-step E&R adhesive that
has played an important role in adhesion, reporting favor-
able and reliable bonding effectiveness [4, 5]. The superior
bonding effectiveness shown in vitro [6, 7] and the resultant
clinical performance [5, 8] has been attributed to optimal
enamel inter-locking and dentin hybridization, as demon-
strated in various ultramorphologic interface analyses [6, 7,
9]. Based on all these data, OFL is considered by some
authors as the gold standard.

One of the first chemical compounds that have been pro-
posed to improve bonding to human dentin is the glycerol
phosphate dimethacrylate (GPDM) [10], which is an acidic
monomer containing methacrylated phosphoric acid esters,
and it is present within the composition of OFL Primer.
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Due to the poor etching pattern observed on enamel when
SE adhesives are used, several studies proposed to transform
SE adhesives to E&R by adding a phosphoric acid condi-
tioning step [11–16]. However, due to the presence of
GPDM in the primer, OFL may be used as a self-etching
system when the etching step with phosphoric acid is
avoided on dentin.

Therefore, the purpose of the present study was to eval-
uate the marginal adaptation of class V cavities restored
with composite and an E&R adhesive system applied under
three protocols that differ in the use of the phosphoric acid
etching step. The null hypothesis tested was that there would
be no effect on the marginal adaptation with different appli-
cation protocols on enamel and dentin.

Materials and methods

A universal restorative composite Clearfil AP-X (Kuraray,
Okayama, Japan) and a three-step etch-and-rinse adhesive
system Optibond FL were used for this study (Table 1).
Twenty-four recently extracted sound molars were randomly
assigned to three equal groups on the basis of the etching
method used. After scaling and pumicing, the teeth were
mounted on custom-made specimen holders with their roots
at the center using a cold-polymerizing resin (Technovit
4071, Heraeus Kulzer GmbH, Wehrheim, Germany). Prior
to the mounting procedure, the apices were sealed with two
coats of nail varnish. To simulate dentinal fluid flow, a
cylindrical hole was drilled into the pulpal chamber approx-
imately in the middle third of the root, and a metal tube with
a diameter of 1.4 mm was then adhesively luted using a
dentinal adhesive (Syntac Classic, IvoclarVivadent AG,
Schaan, Liechtenstein). The pulpal tissue was not removed.
This tube was connected by a flexible silicone hose to an
infusion bottle placed 34 cm vertically above the test tooth.
The infusion bottle was filled with horse serum (PAA Lab-
oratories GmbH, Linz, Austria) and phosphate-buffered sa-
line solution (PBS; Oxoid Ltd, Basingstoke, Hampshire,

UK) diluted in a 1:3 ratio under a hydrostatic pressure of
about 25 mm Hg. Twenty-four hours before starting the
cavity preparations, using a three-way valve, the pulp cham-
bers were evacuated with a vacuum pump and subsequently
bubble-free filled with the above solution. As of this mo-
ment, the intrapulpal pressure was maintained at 25 mm Hg
throughout the testing, i.e., during cavity preparation, resto-
ration placement, finishing, and stressing.

In each tooth, a mixed class V, V-shaped cavity was
prepared using fine diamond burs (Intensiv SA, Grancia,
Switzerland), including both enamel and dentin margins.
The dimensions of the V-shaped cavities were 3.0–3.5 mm
in diameter, 2.5–3.0 mm in height, and 1.5 mm in depth. A
slight enamel cavosuperficial margin was beveled to a cres-
cent shape with a maximum width of 1.2 mm. using an
extra-fine (15 μm) diamond bur (Intensiv SA) under ×12
magnification.

The teeth were divided into three groups (n08) that
differed in the application of phosphoric acid: group 1,
enamel and dentin was etched with 37.5% phosphoric acid
gel (Kerr, Scafati, Italy), applied for 30 s to enamel and 15 s
to dentin; group 2, enamel was etched for 30 s and no
phosphoric acid was applied on dentin; and group 3, no
phosphoric acid was applied on either enamel or dentin.
Then, OFL primer was applied on enamel and dentin using
a microbrush with a continuous scrubbing motion for 15 s.
Removal of excess solvent was done by drying the cavity
with compressed air for 5 s, then OFL adhesive was applied
with a microbrush to the primed surface for 15 s and spread
with air for 5 s before a 20-s light curing. The cavity
preparations were restored with a microhybrid resin com-
posite Clearfil AP-X under ×12 magnification and light-
cured for 40 s (L.E.D. Demetron II, serial number
792026758, Kerr, Orange, CA, USA) with a relative inten-
sity of 800 mW/cm2 (Curing Radiometer, Demetron Re-
search, Danbury, CT, USA). The same operator performed
the restoration of all groups.

Immediately after light polymerization, finishing and
polishing of the restorations were carried out using flexible

Table 1 List of materials with composition, batch number and application mode

Material Component (batch no.) Application mode

OptiBond FL (Kerr, Orange, CA, USA),
according to Mine et al. [9]

Primer (3271580): HEMA, GPDM, MMEP, water,
ethanol, CQ, BHT (pH1.9)

Scrub for 15 s. Gently air dry 5 s

Bond (3437447): Bis-GMA, HEMA, GDMA, CQ, ODMAB,
Filler (fumed SiO2, barium aluminoborosilicate, Na2SiF6),
coupling factor A174 (approximately 48 wt% filled)

Apply thin coat for 15 s and gently
air dry 5 s. Light-cure for 20 s

Clearfil AP-X (Kuraray, Okayama,
Japan), according to manufacturer
recommendations for use

Principle ingredients (1067BA) Silanated barium glass,
silanated colloidal silica, silanated silica, Bis-GMA,
TEGDMA, dl-Camphorquinone

Apply composite and light cure for 40 s

Bis-GMA bisphenol A diglycidyl ether dimethacrylate, HEMA 2-hydroxyethyl methacrylate, GPDM glycerol phosphate dimethacrylate, MMEP
mono-2-methacryloyloxyethyl phthalate, CQ camphorquinone (photo-initiator), BHT butylhydroxytoluene or butylated hydroxytoluene or 2,6-di-
(tert-butyl)-4-methylphenol (inhibitor), GDMA glycerol dimethacrylate, ODMAB 2-(ethylhexyl)-4-(dimethylamino)benzoate (coinitiator)

1894 Clin Oral Invest (2013) 17:1893–1900



discs (SofLex PopOn, 3 M ESPE AG, Seefeld, Germany).
Then, impressions with a polyvinylsiloxane material
(President light body, Coltène-Whaledent, Altstätten,
Switzerland) were made of each restoration and poured
with epoxy resin (Epofix Resin, Struers, Germany) and
24 h after gold sputtered to obtain replicas. They were
subjected to the computer-assisted quantitative margin
analysis in a scanning electron microscope (XL20, Philips,
Eindhoven, The Netherlands) at ×200 magnification us-
ing a custom-made module programmed with an image
processing software (Scion Image, Scion Corp, Frederik,
MA, USA [17]. For the quantitative evaluation, a
blinded and trained lab technician examined the speci-
mens. The following criteria were considered for enamel
and dentin margin analysis: percentages of perfect/con-
tinuous margins and percentages of noncontinuous mar-
gins due to the presence of: pure gaps, marginal enamel
fractures, marginal dentin fractures, marginal restoration
fractures, and overhang and underfilled margins, at each
interval before and after loading.

After storage for 7 days at 37 °C in the dark, the teeth
were loaded with simultaneous repeated thermal (×600 from
5 to 55 °C with a dwell time of 2 min) and mechanical
stresses (240,000 chewing cycles at 1.7 Hz) by an antago-
nistic natural molar cusp with a maximum load of 49 N
under the constant simulation of dentinal fluid flow accord-
ing to a protocol described before by Krejci et al. [18]. After
thermomechanical loading, the teeth were cleaned with
toothpaste, rinsed with tap water, and impressions were
taken again in order to perform the marginal replicas for
SEM analysis after loading.

To qualitatively assess the self-etch pattern obtained
with the different techniques, intact caries-free extracted
human molars were selected. The crowns were sectioned
perpendicular to their longitudinal axis above the roof of
the pulp chamber using a precision slow-speed diamond
saw (Isomet, Buehler Ltd., Evanston, IL, USA) under
water cooling, to obtain a flat surface of dentin sur-
rounded by enamel. Then, two grooves perpendicular to
the flat surface were performed so that the surface could
be divided into three sections. A metal matrix was fixed
into each groove in order to achieve three separate flat
surfaces that would not be contaminated by the different
etching procedures. The first third was etched with
37.5 % phosphoric acid gel, applied 30 s to enamel
and 15 s to dentin. After water rinsing and slight drying,
OFL primer was applied to enamel and dentin for 15 s.
On the second third, only OFL primer was applied, and
the third control part was included without phosphoric
acid or primer treatment. Fixation was performed by
immersing the specimens in 2.5 % glutaraldehyde in
0.1 M sodium cacodylate buffer (pH7.4) for 12 h at
4 °C. After rinsing with sodium cacodylate for 1 h in

three different baths and then in deonized water for
1 min, dehydration was performed by immersing the
specimens in ethanol with increasing concentrations
(50, 70, 90, and 100 %) and transferred to HMDS and
allowed air-dry for 10 min [19].

Specimens were gold sputtered and observed in a scan-
ning electron microscope at ×1,000 magnification (XL20,
Philips, Eindhoven, The Netherlands).

Statistical analysis

In some groups, data of marginal adaptation was not nor-
mally distributed, as proved by Shapiro–Wilk test and there-
fore evaluated with Kruskal–Wallis and Bonferroni post hoc
test. The level of confidence was set to 95 %. We used a
one-way Bonferroni to assess whether there were significant
differences between experimental groups both before and
after loading on enamel and dentin margins.

Results

Percentages of continuous margins (%CM) before loading
are shown in Table 2. No significant differences between
groups were observed at dentin margins (p00.33). However,
on enamel margins, significantly lower %CM (80.2±10.1)
were observed before loading in the group without phos-
phoric acid etching.

After loading (Table 3), significantly lower %CM on
enamel margins (46.9±19.5) were observed in group 3,
without phosphoric acid etching, in comparison to group 1
(96.5±5.1) and group 2 (93.1±8.1). Interestingly, the results
on dentin were not statistically different (p00.30) for the
three groups.

Figure 1a and b represents the percentage of noncontin-
uous margins due to enamel fractures or pure gaps after
loading. It can be observed that while the percentage of
enamel fractures was similar in the three groups, a signifi-
cantly higher percentage of pure open gaps was observed in
the group in which phosphoric acid etching was avoided,
indicating the absence of adhesion at this level.

Representative SEM images of enamel and dentin mar-
gins are presented in Figs. 2, 3 and 4 for the three groups.

The micromorphology of enamel and dentin surfaces
after the different treatments is presented in Figs. 5 and 6.
On enamel (Fig. 5), the best morphology was achieved
when phosphoric acid was applied on the surface. On dentin
(Fig. 6), while the morphology of the surface was quite
similar for both OFL primer and H3PO4 treatment, we
observed that in the surface treated with OFL primer, tubule
openings were less evident, and some of them were still
covered by smear layer, suggesting that the primer was less
aggressive compared to phosphoric acid etching.
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Discussion

Based on recommendations of the American Dental Asso-
ciation for dentin and enamel adhesives, we performed class
V restorations on noncarious teeth because of the following
reasons [20]. The lesions do not have any macromechanical
retention, and they have a small C-factor, which plays an
important role in the performance of the adhesive system.
Class V restorations may include margins on enamel and
dentin with no major difficulties in cavity preparation, thus
minimizing the operator factor variable and providing an
appropriate location for the restorative and evaluation
procedure.

One of the main objectives in adhesive restorative
dentistry is to obtain a reliable and durable bonding
interface creating restorations with clinical longevity,
trying to avoid future leakage, recurrent caries, or pulpal
irritation. Therefore, the simulation of oral conditions by
thermomechanical loading, together with dentinal fluid
simulation, assessing the marginal adaptation may serve
as an appropriate model for the in vitro evaluation of
adhesive systems [17, 18, 21]. Nevertheless, in vitro
evaluations of marginal adaptation have been severely
criticized in the last years, mainly due to the common
belief that retention loss (and not the presence of mar-
ginal defects) is the most obvious sign of failure of an
adhesive system [22]. However, it is known from the
previous literature that clinical failure of restorations
occurs most often due to inadequate sealing, with sub-
sequent discoloration of the cavity margins, than due to
restoration loss [23]. Moreover, the criterion marginal
adaptation (together with cavosurface marginal discolor-
ation, color match, anatomic form, and caries) is part of
the US Public Health Service or Ryge guidelines to

judge on the clinical performance of a restoration. These
guidelines are by far the ones that had the greatest
scientific impact in dentistry since their creation several
decades ago [24]. Thus, it is difficult to explain the
reason why marginal integrity is a widely accepted test
when it is used in vivo and so criticized when it is used
in vitro. Furthermore, Frankenberger et al. [25] reported
that even if marginal integrity is only one among sev-
eral factors, responsible for clinical success or clinical
failure over time, thermomechanical loading and mar-
ginal analysis may be the in vitro test that is closest to
the clinical situation. These authors reported that when
high percentages of gap-free margins are observed in
vitro, it could be assumed that the restoration’s clinical
behavior regarding marginal quality will not be prob-
lematic. This assumption was confirmed in a recent
study [26], in which a correlation was observed between
in vitro marginal adaptation and clinical outcome of
class V restorations, when the same restorative compos-
ite was used in both in vitro and in vivo tests, justifying
why in our study the primary criterion of evaluation
was the percentages of continuous or gap-free margins,
in class V cavities restored with the same composite
resin.

Bond formation to enamel has proved reliable since
Buonocore [27] demostrated that phosphoric acid etching
increased resin-enamel bond strengths. Since then, several
publications confirmed this assertion [11, 28–30]. Creation
of a bond to dentin is more complicated due to the compo-
sition of the dentin substrate, presence of collagen, water,
and smear layer deposition.

While several studies have transformed an SE adhe-
sive to an E&R [11–16] by adding a phorphoric acid-
etching step, there is not much literature evaluating a

Table 2 Percentage of continu-
ous margins (%CM, mean ±
standard deviation) of each
group before loading on enamel
and dentin. Levels connected by
the same letter are statistically
similar and apply to each column

%CM enamel before loading p00.012 %CM dentin before loading p00.984

Group 1 (H3PO4 E&D+OFL) 97.5±4.1 A 89.4±8.6 A

Group 2 (H3PO4 E+OFL) 89.9±14.5 AB 89±10.9 A

Group 3 (OFL no H3PO4) 80.2±10.1 B 90.1±16.6 A

Table 3 Percentage of continuous margins (%CM, mean±standard deviation) after loading on enamel and dentin

%CM enamel after loading p<0.001 %CM dentin after loading p00.305

Group 1 (H3PO4 E&D+OFL) 96.5±5.1 A 83.3±11.6 A

Group 2 (H3PO4 E+OFL) 93.1±8.1 A 68.7±25.1 A

Group 3 (OFL no H3PO4) 46.9±19.5 B 69.7±22.5 A

Levels connected by the same letter are statistically similar and apply to each column
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selective enamel etching for a three-step E&R adhesive
system. The %CM after loading (Table 3) were signif-
icantly higher when enamel was conditioned with
H3PO4 previous to the application of the primer (96.5

±5.1 and 93.1±8.1) with respect to the group in which
H3PO4 was avoided (46.9±19.5). This is in agreement
with similar findings that have been reported in the
literature [11, 31]. These better results on enamel were
due to an enhanced mechanical interlocking resulting
from the use of H3PO4 as shown on Fig. 5, which has
a low pH. GPDM was probably not acidic enough to
properly etch enamel, explaining why the %CM after
loading on enamel was below 50 % (46.9±19.5). More,
pure marginal gaps were observed when H3PO4 was
avoided (Fig. 1b), showing a clear lack of adhesion at
this level. Therefore, the null hypothesis was rejected
for enamel margins.

Etching dentin with phosphoric acid did not improve
significantly marginal adaptation either before or after
loading; indicating a self-etching effect most probably
due to the presence of the acidic monomer (GPDM)
within the composition of OFL primer. These findings
led to accept the null hypothesis on dentin. Nevertheless,
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Fig. 1 Percentage of noncontinuous margins due to the presence of
enamel fractures (a) and pure gaps (b). It can be observed that in the
group in which H3PO4 was avoided, increased percentages of pure
gaps were observed after loading, evidencing a lack of adhesion at the
marginal level
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Fig. 2 SEM image of group 1 (H3PO4 E&D+OFL), showing contin-
uous adhesive interface between enamel (E), adhesive system (AS), and
composite (RC) (magnification, ×200)
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Fig. 3 SEM image of group 2 (H3PO4 E+OFL), showing a continuous
margin between dentin (D), adhesive system (AS), and composite (RC)
(magnification, ×200)
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Fig. 4 Group 3 (OFL no H3PO4), SEM image with a noncontinuous
margin observing a open gap (arrow) between enamel (E), adhesive
system (AS), and composite (RC) (magnification, ×200)
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greater amount of variability in the bonding results were
obtained in groups 2 and 3 compared to group 1. This may
indicate that although there may be a self-etch effect from
GPDM, it may not be as reliable as phosphoric acid. However,
acid-etching deep dentin could have deleterious effects, justi-
fying why some authors even recommend to avoid this pro-
cedure [32]. Phosphoric acid etching of cavities approaching
the pulp may induce a moderate inflammatory response or
pulpal irritation [33, 34]. Avoiding phosphoric acid etching of
dentin thereby reduces the technique sensitivity of etch-and-
rinse adhesives. Therefore, eliminating as many steps as pos-
sible in the bonding protocol could increase the efficiency of

the procedure and would reduce technique sensitivity, as
shown in the literature [35].

Because the effect of additional water storage was not
assessed in the present study, it is not possible to know how
these adhesive interfaces will behave when confronted by
prolonged hydrolytic degradation. A previous study [36]
tested the same adhesive system and found a significant
decrease in bond strength from 1 to 6 months of water
storage. These authors explained their findings by a combi-
nation of collagen and resin degradation within the hybrid
layer. It is possible that due to the use of H3PO4 on dentin
and then the application of the mentioned acidic primer,

Fig. 5 SEM micrographs (×1,000) of enamel original surface without
treatment (a), after H3PO4 etching (b), and after the application of OFL
primer (c). See that micromorphology of enamel is clearly visible in b,
that is, after acid conditioning with phosphoric acid

Fig. 6 SEM micrographs (×1,000) of dentin original surface without
treatment (a), after H3PO4 etching (b), and after the application of OFL
primer (c). Note that in a dentin is partially covered by smear layer; in
b, dentinal tubules are completely opened, and in c, dentinal tubules
are open due to the effect of the acidic monomer. However, the etching
pattern looks less aggressive than the one obtained with H3PO4 etching
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dentin was in fact etched “twice.” The type of acid used
to demineralize deep coronal dentin may significantly
affect the quality of such bonding interface [37]. Phos-
phoric acid etching considerably increases dentin perme-
ability as shown in the micromorphology in Fig. 6 and
thus monomer diffusion into the pulp producing cytotox-
icity. It is well known that inadequate etching procedures
with a collapsed collagenous fibrillar network can de-
crease up to 90 % of the maximal level of bond strength
values [38]. In this sense, additional studies are being
performed by our research group in order to evaluate the
hydrolytic degradation of these interfaces after long-term
water storage.

Conclusions

Within the limitations of the present study, it can be con-
cluded that when bur-prepared class V cavities were re-
stored with the use of Optibond FL adhesive with selective
enamel etching, high percentages of continuous margins
were observed on dentin being not significantly different
with the etch-and-rinse application procedure. These results
might be due to a self-etching effect of the primer, owing to
the presence of an acidic monomer within its composition.
However, marginal adaptation on enamel was still enhanced
by etching with phosphoric acid.
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