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Abstract

Introduction and objective: Self-adhesive resin cements are applied
in only one clinical step whose technique is considered less sensitive
and of easy handling. However, there is some concern relating to a
reliable and effective bonding to tooth structure, particularly when
dentin is involved. The aim of this study was to evaluate microtensile
bond strength of self-adhesive resin cements to deep dentin as well
as to discuss some concepts involving these materials. Material and
methods: Twenty-eight freshly extracted third molars were used.
Their crowns were sectioned using a diamond disc (Isomet) to obtain
occlusal deep dentin flat surfaces. The teeth were randomly assigned
to four groups (n = 7): RelyX ARC/3M ESPE conventional resin cement
(Group 1), and three self-adhesive resin cements — RelyX U100/3M
ESPE (Group 2), Set/SDI (Group 3) and Maxcem/Kerr (Group 4). The
products were applied according to the manufacturer’s instructions.
Tetric EvoCeram (Ivoclar Vivadent) blocks were used to simulate
indirect restorations that were cemented onto the dentin surfaces.
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These blocks were sandblasted with oxide aluminum before adhesive
procedures. The samples were stored in distilled water at 37+2°C for
one week. Following, the samples were prepared for microtensile bond
strength tests, which were performed at a crosshead speed of 1.0
mm/min until failure. Tensile bond strength data were calculated and
the results were statistically analyzed by two-way ANOVA and Tukey
test (p < 0.05). Results: The means (SD) (in MPa) were — Group 1:
14.7* (5.7); Group 2: 7.5" (2.3); Group 3: 5.6° (2.1); and Group 4: 4.7°
(1.4). ANOVA showed significant differences and Tukey test identified
differences among groups. Group 1 showed the highest bond strength
mean. Bond strength mean of the other self-adhesive resin cements to
dentin did not show statistical difference among them. Conclusion:
Self-adhesive resin cements showed lower bond strength to dentin
than RelyX ARC conventional resin cement. The highest bond strength
mean of RelyX ARC is related to its mechanism of action. However,
the mechanism of action involved in self-adhesive resin cements
seems to be effective for clinical use if a proper prosthetic dental

preparation is observed.

Introduction

With the currently advancements of adhesive
Dentistry, resin cements played an important role
both for Restorative Dentistry and Prosthodontics.
These products have several advantages when
compared to conventional powder/liquid cements:
better retention, minimum solubility at oral
environment, less microleakage, and acceptable
biocompatibility [9, 16]. Additionally, these materials’
potential of bonding to both substrates (tooth and
restoration) favors tooth structure reinforcement
and allows aesthetic treatment success [2, 7].

According to Garcia et al. (2007) [6], currently,
bond to dentin is obtained by surface pre-treatment
with acid, followed by adhesive system application
containing hydrophilic and hydrophobic components.
These steps either remove or modify smear layer and
demineralize dental surface to expose the collagen
layer for resin monomer infiltration, consequently
forming the hybrid layer [15].

Self-adhesive resin cements were launched into
market aiming to simplify the clinical steps and
diminish the sensibility of the previous technique
comprising multiple steps [8]. The material is directly
applied onto tooth surface, without demanding any
pre-treatment. Otherwise, it is normally necessary
the crown or restoration pre-treatment. The smear
layer is partially incorporated by the acid monomers
which promote micromechanical retention to tooth
structure; chemical retention may occur by the
reaction between acid monomers and hydroxyapatite
present in tooth hard tissues [3].

The aim of this study was to evaluate the
microtensile bond strength of self-adhesive resin

cements to deep dentin as well as to discuss some
concepts involving these materials.

Material and methods

Twenty-eight freshly extracted human third
molars were used and stored at -20°C for a month,
after the approval of the Ethical Committee of
Dental Clinic 1, Department of Operative Dentistry
and Periodontology, Friedrich-Alexander-University
Erlangen-Nuremberg (FAU), Erlangen, Germany.
Their roots were removed with aid of a diamond
disc (Isomet, Buehler, Evanstone, IL, USA) under
refrigeration. In these conditions, their crowns
were sectioned to obtain occlusal deep dentin flat
surfaces (2 mm below enamel-dentin junction of
the central groove).

The teeth were randomly divided into four
experimental groups (n = 7) and the products were
used according to manufacturer’s instructions:
conventional resin cement (adhesive system — Adper
Single Bond 2 + RelyX ARC/3M ESPE - group 1
/ control) and three self-adhesive resin cements
— RelyX U100/3M ESPE (group 2), Set/SDI (group
3) and Maxcem/Kerr (group 4) (table I). Blocks
with 4 mm height were constructed with Tetric
EvoCeram - TC (Ivoclar Vivadent) and their
adhesive surfaces abraded with aluminum oxide
(50 um). Immediately prior to adhesive procedures,
dentin samples underwent 600-grit silicon-carbide
sandpaper to create fresh smear layer. To perform
the luting procedures of the composite blocks on
dentin samples, a 100 um spacer was positioned
at the samples lateral surfaces and all edges were
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light-cured for 20 seconds with Elipar Trilight (3M ESPE) halogen curing device, at power density

of 750 mW/cm?.

Samples were stored in distilled water at 37+2°C for one week. Following, hourglass specimens
were obtained for microtensile bond strength tests (figure 1) in a universal testing machine (Zwick Z
2.5, Ulm, Germany), at crosshead speed of 1.0 mm/min, until fracture.

Table I - Materials used: manufacturers, batch numbers, compositions, and protocols

Compositon

Protocol

35% phosphoric acid- pH = 0.6
Bis-GMA, HEMA, UDMA,
dimethacrylates, ethanol, water,
camphorquinone, photoinitiators,
copolymer of polialcenoic acid,
particles of silica (5 nm)

Pastes containing: Bis-
GMA, TEGDMA, monomers
dimethacrylate, inorganic particles

Apply (15 s), wash (10 s),
dry with cotton pellet,
apply the adhesive, gentle
air jet (5 s), curing(10 s),
mixture the pastes (10 s),
apply, curing (40 s)

Base: particles of glass, ester
phosphoric acids, dimethacrylates,
silanized silica, sodium persulfate
Catalyzer: particles of glass,
dimethacrylates, silanized silica,
sodium sulphate P-toluene, calcium

Dispense equal volume
of base and catalyzer
pastes, mix the pastes
(10 s), apply, curing
(40 s)

Capsules containing: methacrylate
ester phosphoric acids, UDMA,
photoinitiator, glass of fluoride
aluminum silicate (67%w) and
(45%v), pyrogenic silica

Mix in a device (10 s),
apply, curing (40 s)

Pastes containing: multifunctional
dimethacrylate, GPDM, initiators
and photoinitiators, particles of
barium, fluoride aluminum silicate,

Dispense equal volume
of base and catalyzer
pastes, mix the pastes
(10 s), apply, curing
(40 s)

Material/manufacturer Batch

number
Etch-and-rinse 2YR
adhesive system 2GK
Adper Single Bond 2
(SB) - pH = 4.7

GEHF
RelyX ARC (ARC)
3M ESPE
St Paul, MN, USA of zircon and silica
RelyX U100 303574
(U100) - pH = 2.0
3M ESPE
Seefeld, BA
Germany

hydroxide

Set S0711273
(SET) - pH = 2,3
SDI
Bayswater, VI Australia
Maxcem 3022617
(MAX) - pH = 2,5
KERR
Orange, CA
USA silica (66%w)
Tetric EvoCeram J27435

Ivoclar Vivadent
Schaan
Liechtenstein

Bis-GMA, UDMA, Bis-EMA, particles
of barium glass, fluoride, oxides,
additives, catalyzers, stabilizers,
pigments

Application of 2 layers of
the product to obtain 4
mm height blocks (curing
20 s each increment) and
sandblasting

Abbreviations: Bis-GMA = bisphenol A glycidyl-methacrylate; HEMA = 2-hydroxyethilmethacrylate; UDMA = urethane
dimethacrylate; TEGDMA = triethylene glycol dimethacrylate; GPDM = glycerophosphoric acid dimethacrylate; Bis-

EMA = bisphenol A polyethylene glycol dimethacrylate

Bond strength data were calculated and analysed
by two-way ANOVA and Tukey’s test with level of
significance set at 5% (p < 0.05). The specimens
were mounted into an aluminum base, metalized
with gold and examined in scanning electronic

microscope (ISI-SR-50, Akashi Seisakusho Co. Ltd.,
Japan). Photomicrographies of representative areas
were obtained to evaluate the fracture pattern. This
latter is classified in adhesive, cohesive (either in
dentin or in cement) and/or mixed.
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Group 1 (control)

Apply the acid (15 s), washing (10 s), dry with cotton pellet
apply the adhesive, gentle air jet (5 s), curing (10 s), mix the

SB+ARC pastes (10 s), apply, place TC block, curing (40 s)
+TC T
600-grit W @
Groups 2,3, 4 No treatment = mix the pastes (10 s), apply,
U100/SET/MAX place TC block, curing (40 s)
+TC T
600-grit

=P TC blocks
for
microtensile
tests

100 pm spacer
(in all groups)

Storage in water
for one week

Hourglass
specimen
preparation

Figure 1 - Schematic drawing of the methodology employed for obtaining hourglass specimens

Results

ANOVA showed statistically significant
differences among experimental groups, and Tukey’s
test (p < 0.05) identified the differences. Group 1
exhibited the highest bond strength mean; there
is no statistically significant difference among the
other groups (table II).

Table Il - Bond strength means in MPa, standard
deviation (SD) and Tukey’s test (p < 0,05)

Groups Means SD
1 - ARC + TC 14.77 5.7
2 - U100 + TC 7.5P 2.3
3 - SET + TC 5.6° 2.1
4 - MAX + TC 4.7° 1.4

Means followed by different letters are statistically
different at 5% of significance level

The specimens tested in group 1 (figure 2)
exhibited predominately mixed failures, from
cohesive in dentin to cohesive in cement. The other

groups (figures 3 to 5) presented mainly adhesive
failures.

— 40 ym —

Group 1-11 ds detail

Figure 2 - Scanning electronic microscopy showing
the failure pattern exhibited after microtensile bond
strength of conventional resin cement RelyX ARC (group
1). The failures were mainly mixed, from cohesive in
dentin (*) to cohesive in resin cement (»), normally
found in those substrates undergoing 37% phosphoric
acid treatment
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Group maxcem 12 ds detail

Figure 3 - Scanning electronic microscopy showing
the failure pattern exhibited after microtensile bond
strength of self-etching resin cement RelyX U100 (group
2). The failures were mainly adhesive, with possible
observation of a thicker and undefined intermediary
layer and with presence of smear layer and resin cement
(»), additionally to the cracks (®) caused by 600-grit
silicon-carbide sandpaper in the occasion of samples
preparation

Group set sample 25 detai

Figure 4 - Scanning electronic microscopy showing
the failure pattern exhibited after microtensile bond
strength of resin cement Set (group 3). The failures were
mainly adhesive, with possible observation of a thinner
intermediary layer. Resin monomers are observed at the
entrance of dentinal tubules (0), as well as areas without
them (x); also, it can be seen cracks (®) caused by 600-
grit silicon-carbide sandpaper in the occasion of samples
preparation

Figure 5 - Scanning electronic microscopy showing the
failure pattern exhibited after microtensile bond strength
of resin cement Maxcem (group 4). The failures were
mainly adhesive, however, it can be seen cohesive failures
in cement, with a slightly thicker intermediary layer. Resin
monomers are observed, covering dentinal tubules (o),
as well as cracks (®) caused by 600-grit silicon-carbide
sandpaper in the occasion of samples preparation

Discussion

Dentin is a more heterogeneous and
physiologically dynamic substrate than enamel.
Garberoglio and Brannstrom (1976) [5] showed
that the number and diameter of dentinal tubules
increase with deepness. At superficial dentin, 96%
of the area is occupied by intertubular dentin, 3%
by peritubular dentin and only 1% by dentinal fluid.
There is an inverse relationship, however, for the area
closer to pulp, when 66% of the area is occupied by
peritubular dentin, 12% by intertubular dentin and
22% by dentinal fluid. According to Swift Junior
et al. (1995) [19], differences in composition and
morphology in relation to deepness may directly
influence the behavior and mechanical properties
of dentin against chemical and physical agents to
which dentin is submitted during the operative and
restorative procedures, such as the application of
resin cements.

In this present study, the focus was to evaluate
the bond strength of self-adhesive resin cements
in deep dentin, through microtensile methodology
proposed by Sano et al. (1994) [17], by using
hourglass specimens. This type of mechanical test
solves problems related to tension propagations
bonded to larger areas. Additionally, it presents the
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advantage that several specimens can be obtained
from one sample (tooth), through the cut performed
in a cutting machine (Isomet).

Traditionally, conventional cements demand
the use of either conventional or self-etching
adhesive systems [4]. The technique sensibility
and the difficulty of obtaining a hermetic sealing
associated with conventional adhesive systems
probably leads to a greater incidence of post-
operative sensibility related to indirect restorations’
luting procedure. Self-adhesive resin cements,
however, did not demand tooth structure pre-
treatment, therefore simplifying the clinical steps
during the installation procedures of crowns/fixed
partial dentures. Additional advantages of these
products are the decrease or elimination of post-
operative sensibility, as well as lesser susceptibility
to moisture, according to Mazzitelli et al. (2008)
[12].

Control group, which used conventional resin
cement RelyX ARC, exhibited the highest bond
strength mean with statistically difference relating
to the other groups. We speculate that the bond
mechanism involved in this product, which requires
the previous application of 37% phosphoric acid
and the application of the adhesive system Adper
Single Bond 2 (3M ESPE), account for the statistical
difference in comparison with the other groups
(which did not show any difference among them).
This adhesive system, classified as “two-steps / wet-
bonding technique” by Van Meerbeek et al. (2003)
[21], exhibits a mechanism of action that promotes
greater micromechanical retention, because it results
in a deeper demineralization of the substrate by the
action of the phosphoric acid, which is posteriorly
replaced by resin monomers.

The quality of the hybrid layer formed by
using “wet-bonding technique”, however, has been
questioned by some authors [23, 25], who still
considered the complete sealing of dentin/resin
interface a great challenge. Sano et al. (1995) [18]
proposed the concept of nanoleakage, understood
as a degradation phenomenon occurring at the
interface, even without marginal failures in (direct
or indirect) restorations. Nanoleakage would
be explained by 1) resin monomers that do not
effectively infiltrate at the same deepness of dentin
etched by phosphoric acid, or 2) an area of increase
permeability caused by an inferior curing due to
excessive hydrophilicity of the current adhesive
systems. Also, nanoleakage relates to long-term
durability of the restorations [20].

In a recent literature review study, Moon et al.
(2010) [14] cited other concept related to adhesive
systems, which involve the metalloproteinase

matrixes (MMPs). MMPs are a family of cells
derived from a proteolytic enzyme with 26 identified
members. Specific enzymes from this family may
function beneficially during tissue remodeling or
dentin mineralization. However, MMPs may act
during inflammation and increase the side effects
of periodontal disease and caries process, due to
destruction of both collagen and other extracellular
matrix proteins. Therefore they also may be released
by (inorganic or organic) acids and activated by
specific proteins or organic acids at oral environment
or in the mechanism of action of the adhesive
systems. More specifically, if collagen fibrils are
left exposed and unprotected by resin monomers
in hybrid layer, they could be degraded by MMPs
activation. As time goes by, bond degradation may
lead to the loss of retention or the decreasing in
bond strength. This mainly occurs in conventional
adhesive systems, although this phenomenon is
also observed with other self-etching products.
According to these authors, 2% chlorhexidine
application onto the surface etched by phosphoric
acid may prevent bond strength long-term decrease.
In control group, the failures were predominantly
mixed from cohesive in dentin to cohesive in resin
cement, as shown by figure 2.

In this present study, there was no statistically
significant difference in bond strength among
self-adhesive resin cements. The three researched
products contain similar acid monomers in their
compositions, which presumably account for the
mechanism of bonding. Currently, literature has
reported controversial data on bond strength of
these products. Two studies did not find statistical
difference among the products, similarly to our
study [11, 22]. On the other hand, other studies
observed differences among the products and even
in the same product, when different protocols and
surface pre-treatments were executed [16].

Previous studies of Monticelli et al. (2008) [13]
reported similar interfacial patterns produced by
self-adhesive cements, without clear demineralization
and/or infiltration of the products in dentin. This
could also explain bond strength mean values of our
study, which did not present statistical significant
difference. The employed materials are self-etching
and self-adhesive cements, which produce a slightly
thick hybrid layer of difficult visualization. The
methacrylate phosphoric acids ionized by the
monomeric mixture are responsible for bonding
to dentin, as well as the intermediary interfacial
layer results in a particle layer incorporated to
the smear layer, similarly to the action of glass
ionomer cements [1].



By correlating the mechanism of action of
these cements to that of glass ionomer cements,
as cited by Yip et al. (2001) [24] and Hikita et al.
(2007) [10], we speculate that the residual presence
of self-adhesive cements on the fractured surfaces
observed by scanning electronic microscopy suggests
these materials’ ability of bonding to the substrate.
Two alternatives may explain this bonding. The
first is that dentinal smear layer not modified by
acid monomers creates an intermediary superficial
layer rich in calcium and phosphate ions that may
facilitate the chemical reaction with the methacrylate
phosphoric acids of the cements. The second refers to
the possibility of these acids have promoted (due to
their pHs), even partially, a demineralization enough
to create a layer rich in collagen, consequently
allowing cements’ penetration. Further studies are
necessary to evaluate both hypotheses.

Conclusion

Self-adhesive resin cements showed lower bond
strength mean than conventional resin cement RelyX
ARC. The highest bond strength mean obtained by
the conventional cement relates to its mechanism of
action. However, the mechanism of action involved
in self-adhesive cements seems to be effective
for clinical use, if an adequate prosthetic dental
preparation is observed.
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