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Abstract: This paper evaluates the effect of an additional hydrophobic resin coat (extra HL) asso-
ciated with universal adhesives on sound and eroded dentin and evaluated immediately or after
2 years of water storage to improve the microtensile bond strength (uTBS) and nanoleakage (NL)
when compared to the use of universal adhesives only. Sixty-four molars were assigned to eight
groups using the following combinations: 1. dentin substrate, including sound and eroded dentin;
2. treatment, including the control and extra HL and storage time (immediately and after two-years
of storage). Two universal adhesives (Prime & Bond Active or Scotchbond Universal) were evaluated.
Before restoration, half of the teeth were subjected to soft-drink erosion. Composite buildups were
bonded; specimens were stored (37 °C/24 h), sectioned into resin-dentin bonded sticks and tested
for microtensile bond strength and nanoleakage using SEM (immediately and after two-years of
storage). Three-way ANOVA and Tukey’s test (x = 0.05%) were used. In the immediate testing,
the application of extra HL did not increase microtensile bond strength values compared with the
control group in either substrate (p > 0.05). However, extra HL significantly decreased nanoleakage
values when applied to eroded and sound dentin (p = 0.0001). After two years, the application of
extra HL produced significantly higher microtensile bond strength and lower nanoleakage values
than the control group for both adhesives (p = 0.0001). In all cases, sound dentin showed higher
microtensile bond strength and lower nanoleakage values than eroded dentin (p = 0.000001). An
extra HL increased the bond strength and reduced nanoleakage in eroded dentin after two-years
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1. Introduction

This article is an open access article
distributed under the terms and  alterations, jeopardizing the restorative properties of dental materials [2,3].
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /

The bonding performance and predictability of adhesives are challenging for eroded
dentin surfaces [1-4]. Continuous acid action can be induced by biological and chemical

Physical barriers of exposed collagen fibrils (organic matrix) induced by continuous
and progressive mineral loss on the eroded surface hinder adequate adhesive infiltra-

40/).

tion [1,2,5]. Collagen fibrils that are not impregnated by adhesives become susceptible
to hydrolytic degradation and create areas rich in water at the hybrid layer, promoting
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interfacial defects [2,5,6]. Additionally, bonding procedures can be impaired by an increase
in accelerated erosive demineralization in the presence of pepsins, matrix metallopro-
teinases (MMPs), and cathepsins [7], from saliva and dentin [8], limiting the durability of
the bonding interface.

With the continuous loss of tissue, the structural and aesthetic integrity of the teeth
may be compromised, resulting in functional and aesthetic problems that require restora-
tive intervention [9,10]. Thus, alternatives have been developed to increase the bond
strength of eroded dentin (bur abrasion, sodium hypochlorite, and collagen cross-linker
primers) [1,4,11,12]. However, there is still no consensus concerning which is the most
reliable [1,4,11,12], especially as some of these protocols used experimental primers [12].
Although these protocols have been used [1,4,11,12], none prevented the degradation of
eroded dentin over time.

Several clinical alternatives used for sound dentin [13] have not been tested for eroded
dentin. It has been reported that short- and long-term resin—dentin bonding of universal
adhesives can be improved by an additional hydrophobic resin coat [14-18]. The application
of an additional hydrophobic resin coat aims to increase the thickness and uniformity of the
adhesive layer and to reduce fluid flow across the adhesive interface [14-17,19,20]. This less
permeable layer can help prevent the degradation of eroded dentin. Simplified adhesives,
such as universal adhesives that combine hydrophilic and hydrophobic monomers in a
unique bottle, promote the creation of an adhesive interface that lacks a non-solvated
hydrophobic resin coating [21]. The formed hybrid layer is highly permeable to water from
the oral environment, and to water fluxes from dentinal tubules [21]. A more hydrophilic
adhesive has a higher water sorption rate, resulting in fast hydrolytic degradation of the
hybrid layer [21-24].

Several researchers have advocated the use of an additional hydrophobic resin coat to
improve the bonding performance of adhesives [18,25-27]. However, it must be considered
that an eroded dentin surface presents a great challenge for dental adhesion [9,28] and that
no previous study has evaluated the application of an additional hydrophobic resin coat on
an eroded dentin surface.

Therefore, this in vitro study aims to evaluate the effect of an additional hydrophobic
resin coat to improve the microtensile bond strength (less loss of restoration from a clinical
point of view) and decrease the nanoleakage (less restorations with marginal discoloration
from a clinical point of view) on eroded dentin bonding, when compared to sound dentin,
after two years of water storage in comparison with immediate time.

The null hypotheses tested were as follows: (1) the use of an additional hydrophobic
resin coat associated to universal adhesives would not affect microtensile bond strength
(WTBS) or nanoleakage (NL) values when compared to only universal adhesive application;
(2) these microtensile bond strength and nanoleakage values would not result in differ-
ences when adhesives would be evaluated on sound vs. eroded dentin and; (3) aging
(immediate or after 2 years of water storage) would not affect microtensile bond strength
or nanoleakage values.

2. Materials and Methods
2.1. Tooth Selection and Preparation

Sixty-four human molars were considered in this study. The teeth were collected after
approval from the local ethics committee (#4.310.655). They were disinfected with 0.5%
chloramine and stored in distilled water until use. The occlusal third of the crown was
removed from all teeth using a diamond saw in a cutter machine with water-cooling (Isomet,
Buehler, Lake Bluff, IL, USA) to obtain a flat dentin surface. To confirm the absence of
enamel on the dentin surface, careful examination was performed under a stereomicroscope
(Olympus SZ40, Tokyo, Japan) at 30 x magnification. The exposed dentin surfaces were
polished with wet #600-grit silicon carbide abrasive paper (SiC) for 30 s to standardize the
smear layer.
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2.2. Experimental Design

The teeth were randomly divided into 8 groups (n = 8 dentin specimens) using a
combination of the following variables: 1. dentin substrate, including sound and eroded
dentin; 2. treatment, including the control (adhesives applied according to manufacturer
recommendations) and extra HL (control plus additional hydrophobic resin coat) and
3. storage time (24 h and after 2 years). Two universal adhesives (Prime & Bond Active
(PBA, Dentsply Sirona, Charlotte, NC, USA) or Scotchbond Universal (SBU, 3M Oral Care,
St Paul, MN, USA) were used and the specimens obtained for each tooth were randomly
divided and tested (half after 24 h and half after 2 years of storage in water at 37 °C). Product
information and application mode details for the experimental groups are provided in
Tables 1 and 2, respectively.

Table 1. Material, batch number and composition of the materials used.

Material Batch Number Composition
KC learfil SE B.O nd Only Bond bottle: 10-MDP, Bis-GMA, hydrophobic dimethacrylate, HEMA,
uraray Noritake 500640 . fy . -
CQ, N,N-diethanol p-toluidine, colloidal silica
(Extra HL)
Prime & Bond Active Bisacrylamide 1 (25-50%), 10-MDP (10-25%), bisacrylamide 2 (2.5-10%),
Dentsply Sirona 2009000399 4-(dimethylamino) benzonitrile (0.1-1%), PENTA, propan-2-ol (10-25%),
(PBA) water (20%).
Scotchbond Universal . . . .
10- MDP, dimethacrylate resins, Bis-GMA, HEMA, methacrylatemodified
3M Oral Care 2019100137 . . . . .
(SBU) polyalkenoic acid copolymer, CQ, filler, ethanol, water, initiators, silane.

Abbreviations: Bis-GMA: bisphenol A diglycidylmethacrylate; CQ: canforquinone; HEMA: 2-hydroxyethyl methacry-
late; PENTA: dipentaerythritol penta-acrylate phosphate; 10-MDP: methacryloyloxydecyldihydrogen phosphate.

Table 2. Application mode of different universal adhesives for both dentinal substrates.

Adhesive System Experimental Groups Application Mode *
1 Apply the adhesive to the entire preparation with a microbrush and rub it in for
Control 20s.
2. Apply a gentle stream of air over the liquid for at least 5 s.
3. Light-cure for 10 s at 1400 mW/cm?.
Prime & Bond Active 1 Apply the adhesive to the entire preparation with a microbrush and rub it in for
20s.
2. Apply a gentle stream of air over the liquid for at least 5 s.
Extra HL 3. Light cure for 10 s at 1400 mW/ cm?.
4. Apply a very thin layer of extra HL with a microbrush
5. Air blow to achieve an optically thin layer.
6. Light cure for 10 s at 1400 mW /cm?.
1. Apply the adhesive to the entire preparation and leave undisturbed for 20 s.
Control 2. Direct a gentle stream of air over the liquid for about 5 s until it no longer
moves, and the solvent evaporates completely.
3. Light-cure for 10 s at 1400 mW/ cm?2.
Scotchbond Universal 1. APply the adhesive to the gntire prepe.irat.ion and leave undi.stgrbed for 20 s.
2. Direct a gentle stream of air over the liquid for about 5 s until it no longer
moves, and the solvent evaporates completely.
Extra HL 3. Light cure for 10 s at 1400 mW/ cm?.
4. Apply a very thin layer of extra HL with a microbrush.
5. Air blow to achieve an optically thin layer.

6. Light cure for 10 s at 1400 mW/ cm?.

* The materials were applied according to the recommendations of the respective manufacturers only in the
self-etch mode.

2.3. Sample Size Calculation

The sample size calculation was performed online (www.sealedenvelope.com, ac-
cessed on 24 February 2022. The sample size was determined using the microtensile bond
strength (LTBS) mean =+ standard deviation values for Scotchbond Universal on sound
dentin reported in the literature (49.8 £ 5.3 MPa) [2,29,30]. To detect a difference of 8 MPa
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between the tested groups at a significance level of 5%, with a power of 80% and using a
two-sided test, the minimum sample size was 8 teeth per group in accordance with the
guidance on microtensile bond strength testing of dental composite bonding. [31]

2.4. pH Cycling Model

Thirty-two prepared human molars were randomly selected to simulate erosive dem-
ineralization. Before erosive cycling, the lateral and root areas were covered with two layers
of nail varnish to allow erosive demineralization only on the occlusal surface. The speci-
mens were exposed to an erosive cyclic demineralization and remineralization procedure
by immersion in a soft drink (Coca-Cola, pH 2.6) 4 times daily for 90 s each (10 mL per
specimen) for 5 days [2,7,32]. The soft drink was replaced for each immersion. After each
demineralization, the specimens were rinsed with deionized water for 10 s and immersed
in a remineralizing solution (4.08 mM H3PO,, 20.10 mM KCI, 11.90 mM Na;CO3, and
1.98 mM CaCl,, pH of 6.7, 10 mL per specimen) for 60 min [2,33]. The remineralization
solution was replaced daily. The pH levels of all solutions were monitored periodically
using a pH meter. Then, all teeth were thoroughly rinsed with water and the surrounding
enamel was removed using a diamond bur in a high-speed handpiece (#2135, KG Sorensen;
Sao Paulo, SP, Brazil) under water irrigation.

2.5. Restorative Procedures

The universal adhesives were only applied in the self-etch mode and according to the
manufacturer instructions (Table 2). For all specimens, the dentin was kept visibly moist
and the adhesive was applied and light-cured for 10 s at 1400 mW/ cm? (Valo, Ultradent
Product, Salt Lake City, UT, USA) [14,15] in accordance with the manufacturer instructions
(Table 2). For the extra HL groups, Clearfil SE Bond (Kuraray Noritake, Tokyo, Japan) was
used (Table 2).

All teeth were restored using a composite resin buildup (Opallis, A2, FGM, Joinville,
SC, Brazil) applied in 2 mm increments and each increment was light-cured for 40 s
(1400 mW /cm?, Valo, Ultradent Product, Salt Lake City, UT, USA). A single trained operator
performed all restorative procedures (Table 2).

The restored teeth were stored in distilled water at 37 °C for 24 h. Specimens were
cut longitudinally using a cutting machine (Isomet, Buehler, Lake Bluff, IL, USA), and
rotated in 90° angles to obtain resin—dentin bonded sticks with a cross-sectional area of
approximately 0.8 mm?, measured using digital calipers (Digimatic Caliper, Mitutoyo,
Tokyo, Japan) to calculate the bond strength in MPa. All resin—dentin bonded sticks that
underwent pretest debonding during specimen preparation were recorded for each tooth.

A total of 26-32 resin—dentin bonded sticks were obtained per tooth including the
pretests debonding. The resin—-dentin bonded sticks were divided as follows: for the
nanoleakage test, 3 resin-dentin bonded sticks per tooth from each experimental condition
group were tested after 24 h or 2 years of water storage; for microtensile bond strength, the
remaining resin—dentin bonded sticks were tested after 24 h or 2 years of water storage.
The distilled water was changed monthly.

2.6. Microtensile Bond Strength Test (WTBS)

After 24 h or 2 years of water storage, the resin-dentin bonded sticks were attached to
a modified Geraldeli device [34] using a cyanoacrylate resin and subjected to tensile force
in a universal testing machine (Katros Dinamometros, Cotia, SP, Brazil) at 0.5 mm/min,
until bond failure occurred. Microtensile bond strength values were calculated by dividing
the load at failure by the cross-sectional bonding area.

The failure mode of each resin-dentin bonded stick was observed using a digital
microscope (Olympus SZ40, Tokyo, Japan) and classified as cohesive ((C), failure exclusively
within the dentin or resin) or adhesive/mixed ((A /M), adhesive or mixed failure inside
any of the bonded substrates). For statistical analysis, specimens with pre-test failures (PF)
were included in the tooth mean with a value of 4.0 MPa [35].
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2.7. Nanoleakage (NL)

Three resin—dentin bonded sticks per tooth for each storage condition that had not
been used in the microtensile bond strength test were placed in an ammoniacal silver nitrate
solution in the dark for 24 h, rinsed in distilled water, and immersed in a photo-developing
solution for 8 h under fluorescent light [36,37]. The specimens were polished with 2500-grit
SiC paper and 1-mm and 0.25-mm diamond paste (Buehler Ltd., Lake Bluff, IL, USA). After
ultrasonic cleaning and air-drying, the specimens were mounted on stubs, coated with
carbon-gold, and the silver penetration levels at the resin-dentin interface of each specimen
were analyzed using a field-emission scanning electron microscope in backscattering mode
(VEGA 3 TESCAN, Shimadzu, Tokyo, Japan).

Three images of each bonded stick were captured, including one at 0.3 mm to the right
of center, one at 0.3 mm to the left of center, and one at the center. Image] software was
used to determine the relative nanoleakage percentages along the adhesive and hybrid
layers in each specimen [38].

2.8. Statistical Analysis

The microtensile bond strength and nanoleakage data for all the resin—-dentin bonded
sticks from the same hemi-tooth were averaged for statistical purposes. Thus, the experi-
mental unit in this study was the hemi-tooth. After evaluating the normality (Kolmogorov—
Smirnov) and equality of variances (Bartlett), the microtensile bond strength (MPa) and
nanoleakage (%) data for each adhesive were subjected to three-way repeated measures
ANOVA (dentin vs. treatment vs. storage time) and Tukey’s test. The level of significance
was set at 5%. All analyses were performed using SPSS® (Statistical Package for the Social
Sciences), version 17.0 (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Microtensile Bond Strength (uTBS)

Approximately 80-104 resin—dentin bonded sticks per experimental group were evalu-
ated for microtensile bond strength. The most common failure pattern in all the experimen-
tal groups was the adhesive/mixed-type failure (Figure 1). Few premature failures (0.6%)
were observed after 24 h. After 2 years, 4.2% of the failures were considered premature
failures. However, a significant increase was observed in the control group (Figure 1).
The microtensile bond strengths values are presented in Table 3 A significant difference
was only observed for the triple cross-product interaction (dentin vs. treatment vs. time)
(Table 3; p < 0.000001), and for the main factors” dentin, treatment, and time (p < 0.000001).

100 — |
90
80
70
60
50
40
30
20
10

Sound Eroded Sound Eroded Sound Eroded Sound Eroded Sound Eroded Sound Eroded Sound Eroded Sound Eroded

PBA SBU PBA SBU PBA SBU PBA SBU
Control Extra HL Control Extra HL

Immediate (24h) 2 years

BA/M mC OJPF

Figure 1. Fracture mode of specimens for all experimental conditions. Abbreviations: A/M, adhe-
sive/mixed fracture mode, C, cohesive fracture mode, PF, premature failures.
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Table 3. Mean (in MPa) =+ standard deviations of microtensile bond strength for all experimental
conditions, as well as statistical analyses.

Immediate (24 h) 2 Years
Experimental Groups
Control Extra HL Control Extra HL
PBA Sound 429 (4.5) AB 48.2 (4.2) A 19.5(3.9) D,E 39.1(4.1)B
Eroded 3214.2)C 38.0(4.8)B 152 (3.0) E 35.1(3.9)B,C
SBU Sound 46.5 (4.1)ab 51.2(3.9) a 219 (23)e 45.8 (4.0) a,b
Eroded 28.1(3.9)cd 39.7 (3.5)b,c 15.6 (3.3) e 33.2(39)c

Different capital or lower case letters mean statistically significant difference among groups for each adhesive
(8-way ANOVA and Tukey’s test; p = 0.05).

For Prime & Bond Active and Scotchbond Universal adhesives, extra HL did not
significantly increase the microtensile bond strength values in the immediate group when
applied to sound and eroded dentin, with the exception of Prime & Bond Active in eroded
dentin (Table 3; p > 0.05).

For Prime & Bond Active, after two years of water storage, a significant decrease in the
microtensile bond strength was observed for the control and extra HL groups, compared
to the immediate results in both substrates (Table 3; p = 0.0001). In contrast, Scotchbond
Universal did not significantly decrease the microtensile bond strength after two years
of water storage, compared with the immediate results for the extra HL group (Table 3;
p <0.05).

After two years, the application of extra HL produced significantly higher microtensile
bond strength values for both adhesives compared to the control group (Table 3; p = 0.0001).
In all cases, the microtensile bond strength values for sound dentin were higher than those
for eroded dentin (Table 3; p = 0.000001).

3.2. Nanoleakage (NL)

For nanoleakage, 24 resin—dentin bonded sticks per experimental group was evaluated.
Nanoleakage data are presented in Table 4. A significant difference was observed in the
triple cross-product interaction (dentin vs. treatment vs. time) (Table 4; p < 0.00001), and in
the main factors’ dentin, treatment, and time (p < 0.0001).

Table 4. Mean (in %) + standard deviations of nanoleakage for all experimental conditions, as well
as statistical analyses.

Immediate (24 h) 2 Years
Experimental Groups
Control Extra HL Control Extra HL
PBA Sound 8.7(1.5) AB 6.4(1.8) A 16.9 (2.0) B,C 9.7(1.5B
Eroded 19.8 (2.5) C 14.0 (24)B 26.3(3.0)D 18.1(2.3) C
SBU Sound 6.6(1.7)a 78 (1.5)a 145(1.4)b 84(1.7)a
Eroded 19.2(1.6) ¢ 13.6(1.7) b 30.0 (14)d 16.4 (2.7)b,c

Different capital or lower case letters mean statistically significant difference among groups for each adhesive
(8-way ANOVA and Tukey’s test; p = 0.05).

For Prime & Bond Active and Scotchbond Universal adhesives, using extra HL did not
significantly decrease silver nitrate uptake values in the immediate group when applied to
sound dentin (Table 4; p > 0.05). In contrast, using extra HL on eroded dentin significantly
decreased silver nitrate uptake values in the immediate group for both adhesives (Table 4;
p =0.0001).

After two years of water storage, in both substrates and for both adhesives, a sig-
nificant increase in the silver nitrate uptake values was observed in the control groups,
compared with the immediate results (Table 4; p = 0.0001). However, when an extra HL coat
was applied, a significant increase in the silver nitrate uptake values compared with the
immediate group was only observed for Prime & Bond Active on eroded dentin (Table 4;
p =0.0001).
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After two years, the application of extra HL resulted in significantly lower silver
nitrate uptake values than in the control group for both adhesives (Table 4; p = 0.0001). In
all cases, the silver nitrate uptake values for sound dentin were lower than those for eroded
dentin (Table 4; p = 0.000001).

4. Discussion

According to the results of the present study, the first null hypothesis was rejected,
because the use of an additional hydrophobic resin coat increases microtensile bond strength
and decreases nanoleakage values when compared to the use of universal adhesive only.
The second null hypothesis was rejected, as the mean microtensile bond strength and
nanoleakage values were lower in eroded dentin when compared to sound dentin. Finally,
the third null hypothesis was also rejected, since after 2 years of water storage, lower
microtensile bond strength and higher nanoleakage values were observed when compared
to immediate time.

Despite the fact that all universal adhesives could be applied in the etch-and-rinse
and self-etch mode, it is well-known that the self-etch strategy is preferred, mainly when
eroded dentin is used as the substrate [39-41]. However, for both universal adhesives,
higher bond strength and lower silver nitrate uptake values were observed for sound
dentin than for eroded dentin. As mentioned in the introduction, erosive demineralization
promotes the dissolution of the mineral component and the continued progression induces
the formation of a dense, fibrous collagen network with buffering properties [42]. In
addition, an increased loss of collagen periodicity occurs in the collagen matrix [43], and
the spaces between the collagen fibrils are occupied by water [8].

These structural differences between sound and eroded dentin explain the additional
problems in obtaining reliable bonding on eroded dentin; the eroded dentin structure
influences the infiltration and polymerization of adhesive monomers [1,5,44] and lowers
bond strength values, as reported in the literature [2—4,11].

Silver nitrate uptake on the bonding interface was more evident in eroded dentin, re-
flecting the presence of water-rich zones and indicating the inconsistent resin infiltration of
the demineralized collagen (Figure 2). These features lead to the formation of a structurally
imperfect and highly porous hybrid layer [45], resulting in areas of hydrophilic predomi-
nance and demineralized zones with collagen fibrils that are incompletely encapsulated
by resin monomers [6,46], contributing to the reduced bonding performance of universal
adhesives on eroded dentin, as reported in previous studies [2—4,11].

In the immediate period, the use of extra HL resulted in a significant decrease in
the silver nitrate uptake values in eroded dentin compared to sound dentin. It is known
that eroded dentin has a greater water content [8], which can hinder adequate adhesive
infiltration [2,5], but also leads to more liquid retention in the highly hydrophilic and
porous adhesive layer, as achieved with simplified adhesives [47]. The application of extra
HL on eroded dentin seems to limit the diffusion of water through the hybrid layer to
the adhesive interface [19,36], in addition to increasing the degree of polymerization of a
simplified adhesive and decreasing its immediate permeability [13,48].

After two years, the application of extra HL resulted in significantly higher bond
strength and lower silver nitrate uptake values than the control group for both adhesives
in sound and eroded dentin. Universal adhesives are considered as one-step simplified
adhesives, due to the presence of hydrophobic and hydrophilic components mixed with
organic solvents, without a separate hydrophobic as a final coat [14,49]. It is known that
complete solvent elimination does not occur for a highly hydrophilic adhesive [50,51], and
the presence of residual volatile solvents may prevent approximation between reactive
pendant species [52,53], directly influencing the conversion degree of hybrid and adhesive
layers [13,48]. As a result, the hybrid layer formed for simplified adhesives can behave as a
permeable membrane [36,54,55] that allows for bidirectional water movement across the
adhesive layer [29].
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Immediate (24h) 2 years
Control Extra HL Control Extra HL

Sound

Eroded

Sound

Eroded

Figure 2. Representative backscatter scanning electron microscope micrographs of adhesive interface
for all experimental groups (1.0 kx). Silver nitrate deposits were detected in all groups, mainly in
the hybrid layer (white hands). Generally, sound dentin (capital letters) exhibited less silver nitrate
infiltration than eroded dentin (lowercase letters) at both evaluation times. Overall, reduced silver
nitrate uptake was observed in sound dentin and eroded dentin with extra HL application for both
adhesives in the immediate evaluation. However, silver nitrate infiltration increased significantly in
the control group compared to the extra HL group after two years of water storage.

Thus, extra HL applied over such adhesive systems provides additional free radi-
cals to enhance the rate and extent of polymerization of simplified adhesives, with an
expected increase in the bond strength to dentin [48,52,53]. Furthermore, thickening of the
adhesive layer has been shown to improve dentin bonding once the interface permeability
is reduced [52,56,57]. Thus, the use of extra HL makes these adhesives less prone to hy-
drolytic degradation processes, as the resultant adhesive interface is more hydrophobic,
with decreased water sorption through osmosis from the underlying dentin in the long
term [58-60], especially in eroded dentin, which contains a significant amount of water
compared to sound dentin.

Previous studies on sound dentin indicated that bonding performance improves with
increased thickness of the adhesive layer; increased bond strengths were achieved by
applying multiple adhesive coats. This is relevant as universal adhesives commonly have
a thin film thickness (<10 um) [61]. Once the use of extra HL indicated beneficial results
for sound dentin, it was expected that universal adhesives light-cured before application
of the extra layer on eroded dentin may have thickened the adhesive layer and improved
aging resistance [14,16,17,26], as confirmed in this study.

Although there was a significant decrease in bond strength after two years in the
control and extra HL groups for Prime & Bond Active, compared to the immediate results,
a significant decrease was not observed for Scotchbond Universal with extra HL. One
difference between Scotchbond Universal and Prime & Bond Active is the presence of a
polyalkenoic acid copolymer in Scotchbond Universal. Initially, the rationale for using the
polyalkenoic acid copolymer was to provide better moisture stability [62]. However, more
recently, it was observed that the carboxyl groups present in polyalkenoic acids replace the
phosphate ions in hydroxyapatite, establishing ionic bonding with calcium [63], preventing
or decreasing degradation in in vitro conditions, as observed by Sezinando et al. [64].
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It was observed that, despite the additional hydrophobic resin layer that indicated
reduced silver nitrate uptake values and improvements in bond strength, which allowed
the formation of a more durable resin—eroded dentin interface, some degradation of the
hybrid layer was still observed after two years of water storage. Therefore, another simple
means of improving the adhesive properties of hydrophobic coatings is to incorporate
bioactive materials in their contents, including different bioglass, or even more promising
materials, such as phosphorene and borophene [65-68]. However, future research should
evaluate the effects of a hydrophobic resin layer containing bioactive materials on the
resin—eroded adhesive interface in the long term.

It is important to mention some limitations of the present study. One of them is related
to the fact that, despite the promising results observed in the present study, this is an
in vitro study, which only partially simulated the intraoral conditions. Therefore, future
clinical studies evaluating the effect of an additional hydrophobic resin layer associated
with universal adhesives in the restoration of eroded teeth should be carried out. The
second limitation is the fact that only two universal adhesives were evaluated. As universal
adhesives could be considered a class of materials with several differences regarding their
composition [69], future studies with other universal adhesives need to be conducted to
prove if the use of an additional hydrophobic resin layer could produce the same results
observed in the present study.

5. Conclusions

An additional hydrophobic resin coating increased the bond strength and reduced
nanoleakage in eroded and sound dentin in the immediate time when compared to the
application of universal adhesives only. However, this additional hydrophobic resin coat
significant decreased the degradation of dentin after 2 years of water storage, mainly for
eroded dentin, the most degradable substrate. Therefore, this strategy could be considered
a feasible alternative to improve the adhesive properties of eroded dentin after two years
of water storage. Further clinical studies or hydrophobic coatings containing bioactive
materials are needed as alternatives to improve the adhesive properties of eroded dentin.

Author Contributions: Conceptualization, Ed.B.P., AR, ES.ES., AEM.C. and A.D.L.; Funding acqui-
sition, ES.ES. and A.EM.C,; Investigation, G.M.A.P.d.B., D.O.S., RE.C.M. and F.d.B.P.; Methodology,
G.M.APdB,D.O.S, RECM., MW.CE and Ed.B.P; Project administration, ES.ES. and A. EM.C.; Su-
pervision, ].B.,, AR, AFEM.C. and A.D.L; Validation, J.B., A.R., ESES. and A.D.L.; Writing—original
draft, GM.A.Pd.B, D.O.S,, RECM., M.\W.C.F, Fd.B.P. and A.D.L.; Writing—review & editing, J.B.,
AR, ESFES., AEM.C. and A.D.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by National Council for Scientific and Technological Develop-
ment, grant number 308286/2019-7; Fundagao de Amparo a Pesquisa e ao Desenvolvimento Cientifico
e Tecnolégico do Maranhao, grant number 01797/21 and 01811/21.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

1. Zimmerli, B.; De Munck, J.; Lussi, A.; Lambrechts, P.; Van Meerbeek, B. Long-term bonding to eroded dentin requires superficial
bur preparation. Clin. Oral Investig. 2012, 16, 1451-1461. [CrossRef] [PubMed]

2. Siqueira, ES.F; Cardenas, A.M.; Ocampo, ].B.; Hass, V.; Bandeca, M.C.; Gomes, ].C.; Reis, A.; Loguercio, A.D. Bonding performance
of universal adhesives to eroded dentin. J. Adhes. Dent. 2018, 20, 121-132. [CrossRef] [PubMed]

3. Forgerini, T.V.; Ribeiro, J.E; Rocha, R.O.; Soares, EZ.; Lenzi, T.L. Role of etching mode on bonding longevity of a universal
adhesive to eroded dentin. J. Adhes. Dent. 2017, 19, 69-75. [CrossRef] [PubMed]


http://doi.org/10.1007/s00784-011-0650-8
http://www.ncbi.nlm.nih.gov/pubmed/22146968
http://doi.org/10.3290/j.jad.a40300
http://www.ncbi.nlm.nih.gov/pubmed/29675512
http://doi.org/10.3290/j.jad.a37723
http://www.ncbi.nlm.nih.gov/pubmed/28195274

Polymers 2022, 14, 2701 10 of 12

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

de Rossi, G.R.C.; Ozcan, M.; Volpato, C.A.M. How to improve bond stability to eroded dentin: A comprehensive review. J. Adhes.
Sci. Technol. 2021, 35, 1015-1034. [CrossRef]

Prati, C.; Montebugnoli, L.; Suppa, P.; Valdre, G.; Mongiorgi, R. Permeability and morphology of dentin after erosion induced by
acidic drinks. J. Periodontol. 2003, 74, 428-436. [CrossRef]

Sano, H.; Shono, T.; Takatsu, T.; Hosoda, H. Microporous dentin zone beneath resin-impregnated layer. Oper. Dent. 1994,
19, 59-64.

Zarella, B.L.; Cardoso, C.A.; Pela, V.T,; Kato, M.T.; Tjaderhane, L.; Buzalaf, M.A. The role of matrix metalloproteinases and
cysteine-cathepsins on the progression of dentine erosion. Arch. Oral Biol. 2015, 60, 1340-1345. [CrossRef]

Tjaderhane, L.; Buzalaf, M.A; Carrilho, M.; Chaussain, C. Matrix metalloproteinases and other matrix proteinases in relation to
cariology: The era of ‘dentin degradomics’. Caries Res. 2015, 49, 193-208. [CrossRef]

Carvalho, T.S.; Colon, P.; Ganss, C.; Huysmans, M.C.; Lussi, A.; Schlueter, N.; Schmalz, G.; Shellis, PR.; Bjorg Tveit, A.; Wiegand,
A. Consensus Report of the European Federation of Conservative Dentistry: Erosive tooth wear diagnosis and management.
Swiss Dent. ]. 2016, 126, 342-346. [CrossRef]

Wang, X.; Lussi, A. Assessment and management of dental erosion. Dent. Clin. N. Am. 2010, 54, 565-578. [CrossRef]

Siqueira, F.; Cardenas, A.; Gomes, G.M.; Chibinski, A.C.; Gomes, O.; Bandeca, M.C.; Loguercio, A.D.; Gomes, J.C. Three-year
effects of deproteinization on the in vitro durability of resin/dentin-eroded interfaces. Oper. Dent. 2018, 43, 60-70. [CrossRef]
de Siqueira, ES.F; Hilgemberg, B.; Araujo, L.C.R.; Hass, V.; Bandeca, M.C.; Gomes, J.C.; Reis, A.; Loguercio, A.D.; Cardenas,
A.EM. Improving bonding to eroded dentin by using collagen cross-linking agents: 2 years of water storage. Clin. Oral Investig.
2020, 24, 809-822. [CrossRef]

Reis, A.; Carrilho, M.; Breschi, L.; Loguercio, A.D. Overview of clinical alternatives to minimize the degradation of the resin-dentin
bonds. Oper. Dent. 2013, 38, E1-E25. [CrossRef]

Ermis, R.B.; Ugurlu, M.; Ahmed, M.H.; Van Meerbeek, B. Universal Adhesives Benefit from an Extra Hydrophobic Adhesive
Layer When Light Cured Beforehand. . Adhes. Dent. 2019, 21, 179-188. [CrossRef]

Munoz, M.A ; Sezinando, A.; Luque-Martinez, I.; Szesz, A.L.; Reis, A.; Loguercio, A.D.; Bombarda, N.H.; Perdigao, J. Influence of
a hydrophobic resin coating on the bonding efficacy of three universal adhesives. J. Dent. 2014, 42, 595-602. [CrossRef]

Ahmed, M.-H.; Yao, C.; Van Landuyt, K.; Peumans, M.; Van Meerbeek, B. Extra Bonding Layer Compensates Universal Adhesive’s
Thin Film Thickness. |. Adhes. Dent. 2020, 22, 483-501. [CrossRef]

Sezinando, A.; Luque-Martinez, I.; Munoz, M.A ; Reis, A.; Loguercio, A.D.; Perdigao, J. Influence of a hydrophobic resin coating
on the immediate and 6-month dentin bonding of three universal adhesives. Dent. Mater. 2015, 31, e236—€246. [CrossRef]
Perdigao, J.; Ceballos, L.; Giraldez, I.; Baracco, B.; Fuentes, M.V. Effect of a hydrophobic bonding resin on the 36-month
performance of a universal adhesive-a randomized clinical trial. Clin. Oral Investig. 2020, 24, 765-776. [CrossRef]

Albuquerque, M.; Pegoraro, M.; Mattei, G.; Reis, A.; Loguercio, A.D. Effect of double-application or the application of a
hydrophobic layer for improved efficacy of one-step self-etch systems in enamel and dentin. Oper. Dent. 2008, 33, 564-570.
[CrossRef]

Reis, A.; Albuquerque, M.; Pegoraro, M.; Mattei, G.; Bauer, ].R.; Grande, R.H.; Klein-Junior, C.A.; Baumhardt-Neto, R.; Loguercio,
A.D. Can the durability of one-step self-etch adhesives be improved by double application or by an extra layer of hydrophobic
resin? J. Dent. 2008, 36, 309-315. [CrossRef]

Breschi, L.; Mazzoni, A.; Ruggeri, A.; Cadenaro, M.; Di Lenarda, R.; De Stefano Dorigo, E. Dental adhesion review: Aging and
stability of the bonded interface. Dent. Mater. 2008, 24, 90-101. [CrossRef]

Malacarne, J.; Carvalho, R-M.; de Goes, M.F,; Svizero, N.; Pashley, D.H.; Tay, ER.; Yiu, C.K.; Carrilho, M.R. Water sorp-
tion/solubility of dental adhesive resins. Dent. Mater. 2006, 22, 973-980. [CrossRef]

Ito, S.; Hashimoto, M.; Wadgaonkar, B.; Svizero, N.; Carvalho, RM.; Yiu, C.; Rueggeberg, F.A.; Foulger, S.; Saito, T,
Nishitani, Y.; et al. Effects of resin hydrophilicity on water sorption and changes in modulus of elasticity. Biomaterials 2005, 26,
6449-6459. [CrossRef]

Tanaka, J.; Ishikawa, K.; Yatani, H.; Yamashita, A.; Suzuki, K. Correlation of dentin bond durability with water absorption of
bonding layer. Dent. Mater. ]. 1999, 18, 11-18. [CrossRef]

Loguercio, A.D.; Reis, A. Application of a dental adhesive using the self-etch and etch-and-rinse approaches: An 18-month
clinical evaluation. J. Am. Dent. Assoc. 2008, 139, 53-61. [CrossRef]

Perdigao, J.; Munoz, M. A ; Sezinando, A.; Luque-Martinez, 1.V.; Staichak, R.; Reis, A.; Loguercio, A.D. Immediate adhesive
properties to dentin and enamel of a universal adhesive associated with a hydrophobic resin coat. Oper. Dent. 2014, 39, 489—499.
[CrossRef]

Ahmed, M.H.; De Munck, J.; Van Landuyt, K.; Peumans, M.; Yoshihara, K.; Van Meerbeek, B. Do universal adhesives benefit from
an extra bonding layer? J. Adhes. Dent. 2019, 21, 117-132. [CrossRef]

Belmar da Costa, M.; Delgado, A.H.S.; Pinheiro de Melo, T.; Amorim, T.; Mano Azul, A. Analysis of laboratory adhesion studies
in eroded enamel and dentin: A scoping review. Biomater. Investig. Dent. 2021, 8, 24-38. [CrossRef]

Munoz, M.A,; Luque, I; Hass, V.; Reis, A.; Loguercio, A.D.; Bombarda, N.H. Immediate bonding properties of universal adhesives
to dentine. . Dent. 2013, 41, 404—411. [CrossRef]

Chen, C.; Niu, L.N.; Xie, H.; Zhang, Z.Y.; Zhou, L.Q.; Jiao, K.; Chen, J.H.; Pashley, D.H.; Tay, ER. Bonding of universal adhesives
to dentine—Old wine in new bottles? J. Dent. 2015, 43, 525-536. [CrossRef]


http://doi.org/10.1080/01694243.2020.1835266
http://doi.org/10.1902/jop.2003.74.4.428
http://doi.org/10.1016/j.archoralbio.2015.06.011
http://doi.org/10.1159/000363582
http://doi.org/10.1007/s00784-015-1511-7
http://doi.org/10.1016/j.cden.2010.03.003
http://doi.org/10.2341/16-308-L
http://doi.org/10.1007/s00784-019-02918-9
http://doi.org/10.2341/12-258-LIT
http://doi.org/10.3290/j.jad.a42344
http://doi.org/10.1016/j.jdent.2014.01.013
http://doi.org/10.3290/j.jad.a45179
http://doi.org/10.1016/j.dental.2015.07.002
http://doi.org/10.1007/s00784-019-02940-x
http://doi.org/10.2341/07-145
http://doi.org/10.1016/j.jdent.2008.01.018
http://doi.org/10.1016/j.dental.2007.02.009
http://doi.org/10.1016/j.dental.2005.11.020
http://doi.org/10.1016/j.biomaterials.2005.04.052
http://doi.org/10.4012/dmj.18.11
http://doi.org/10.14219/jada.archive.2008.0021
http://doi.org/10.2341/13-203-LR
http://doi.org/10.3290/j.jad.a42304
http://doi.org/10.1080/26415275.2021.1884558
http://doi.org/10.1016/j.jdent.2013.03.001
http://doi.org/10.1016/j.jdent.2015.03.004

Polymers 2022, 14, 2701 11 of 12

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Armstrong, S.; Breschi, L.; Ozcan, M.; Pfefferkorn, F; Ferrari, M.; Van Meerbeek, B. Academy of Dental Materials guidance on
in vitro testing of dental composite bonding effectiveness to dentin/enamel using micro-tensile bond strength (muTBS) approach.
Dent. Mater. 2017, 33, 133-143. [CrossRef] [PubMed]

Magalhaes, A.C.; Levy, EM.; Souza, B.M.; Cardoso, C.A.; Cassiano, L.P.; Pessan, J.P,; Buzalaf, M. A. Inhibition of tooth erosion by
milk containing different fluoride concentrations: An in vitro study. J. Dent. 2014, 42, 498-502. [CrossRef] [PubMed]

Flury, S.; Koch, T.; Peutzfeldt, A.; Lussi, A.; Ganss, C. The effect of a tin-containing fluoride mouth rinse on the bond between
resin composite and erosively demineralised dentin. Clin. Oral Investig. 2013, 17, 217-225. [CrossRef] [PubMed]

Perdigao, J.; Geraldeli, S.; Carmo, A.R.; Dutra, H.R. In vivo influence of residual moisture on microtensile bond strengths of
one-bottle adhesives. J. Esthet. Restor. Dent. 2002, 14, 31-38. [CrossRef]

Reis, A.; Grande, R.H.; Oliveira, G.M.; Lopes, G.C.; Loguercio, A.D. A 2-year evaluation of moisture on microtensile bond strength
and nanoleakage. Dent. Mater. 2007, 23, 862-870. [CrossRef]

Tay, ER.; Pashley, D.H.; Suh, B.I.; Carvalho, R.M,; Itthagarun, A. Single-step adhesives are permeable membranes. J. Dent. 2002,
30, 371-382. [CrossRef]

Yoshiyama, M.; Tay, ER.; Doi, J.; Nishitani, Y.; Yamada, T.; Itou, K.; Carvalho, R.M.; Nakajima, M.; Pashley, D.H. Bonding of
self-etch and total-etch adhesives to carious dentin. J. Dent. Res. 2002, 81, 556-560. [CrossRef]

Hass, V.; Dobrovolski, M.; Zander-Grande, C.; Martins, G.C.; Gordillo, L.A.; Rodrigues Accorinte Mde, L.; Gomes, O.M.;
Loguercio, A.D.; Reis, A. Correlation between degree of conversion, resin-dentin bond strength and nanoleakage of simplified
etch-and-rinse adhesives. Dent. Mater. 2013, 29, 921-928. [CrossRef]

Cuevas-Suarez, C.E.; da Rosa, W.L.O.; Lund, R.G.; da Silva, A.F; Piva, E. Bonding Performance of Universal Adhesives: An
Updated Systematic Review and Meta-Analysis. J. Adhes. Dent. 2019, 21, 7-26. [CrossRef]

Josic, U.; Mazzitelli, C.; Maravic, T.; Radovig, I.; Jacimovig, J.; Mancuso, E.; Florenzano, F.; Breschi, L.; Mazzoni, A. The influence
of selective enamel etch and self-etch mode of universal adhesives” application on clinical behavior of composite restorations
placed on non-carious cervical lesions: A systematic review and meta-analysis. Dent. Mater. 2022, 38, 472-488. [CrossRef]

Josic, U.; Maravic, T.; Mazzitelli, C.; Radovic, I.; Jacimovig, J.; Del Bianco, F.; Florenzano, E.; Breschi, L.; Mazzoni, A. Is clinical
behavior of composite restorations placed in non-carious cervical lesions influenced by the application mode of universal
adhesives? A systematic review and meta-analysis. Dent. Mater. 2021, 37, e503-e521. [CrossRef]

Breschi, L.; Gobbi, P.; Mazzotti, G.; Falconi, M.; Ellis, T.H.; Stangel, I. High resolution SEM evaluation of dentin etched with
maleic and citric acid. Dent. Mater. 2002, 18, 26-35. [CrossRef]

Deyhle, H.; Bunk, O.; Muller, B. Nanostructure of healthy and caries-affected human teeth. Nanomedicine 2011, 7, 694-701.
[CrossRef]

Hashimoto, M.; Ohno, H.; Sano, H.; Kaga, M.; Oguchi, H. Degradation patterns of different adhesives and bonding procedures. J.
Biomed. Mater. Res. 2003, 66, 324-330. [CrossRef]

Wang, Y.; Spencer, P. Effect of acid etching time and technique on interfacial characteristics of the adhesive-dentin bond using
differential staining. Eur. ]. Oral Sci. 2004, 112, 293-299. [CrossRef]

Sano, H.; Takatsu, T.; Ciucchi, B.; Horner, J.A.; Matthews, W.G.; Pashley, D.H. Nanoleakage: Leakage within the hybrid layer.
Oper Dent 1995, 20, 18-25.

Papadogiannis, D.; Dimitriadi, M.; Zafiropoulou, M.; Gaintantzopoulou, M.D.; Eliades, G. Universal Adhesives: Setting
Characteristics and Reactivity with Dentin. Materials 2019, 12, 1720. [CrossRef]

Breschi, L.; Cadenaro, M.; Antoniolli, F; Sauro, S.; Biasotto, M.; Prati, C.; Tay, ER.; Di Lenarda, R. Polymerization kinetics of
dental adhesives cured with LED: Correlation between extent of conversion and permeability. Dent. Mater. 2007, 23, 1066-1072.
[CrossRef]

Van Meerbeek, B.; Yoshihara, K.; Van Landuyt, K.; Yoshida, Y.; Peumans, M. From Buonocore’s pioneering acid-etch technique to
self-adhering restoratives. A status perspective of rapidly advancing dental adhesive technology. J. Adhes. Dent. 2020, 22, 7-34.
[CrossRef]

Yiu, C.K,; Pashley, E.L.; Hiraishi, N.; King, N.M.; Goracci, C.; Ferrari, M.; Carvalho, R.M.; Pashley, D.H.; Tay, ER. Solvent and
water retention in dental adhesive blends after evaporation. Biomaterials 2005, 26, 6863-6872. [CrossRef]

Carvalho, R.M.; Mendonca, ].S.; Santiago, S.L.; Silveira, R.R.; Garcia, F.C.; Tay, ER.; Pashley, D.H. Effects of HEMA /solvent
combinations on bond strength to dentin. J. Dent. Res. 2003, 82, 597-601. [CrossRef]

Cadenaro, M.; Antoniolli, F,; Sauro, S.; Tay, ER.; Di Lenarda, R.; Prati, C.; Biasotto, M.; Contardo, L.; Breschi, L. Degree of
conversion and permeability of dental adhesives. Eur. J. Oral Sci. 2005, 113, 525-530. [CrossRef]

Nunes, T.G.; Garcia, E.C.; Osorio, R.; Carvalho, R.; Toledano, M. Polymerization efficacy of simplified adhesive systems studied
by NMR and MRI techniques. Dent. Mater. 2006, 22, 963-972. [CrossRef]

Tay, ER.; Pashley, D.H.; Garcia-Godoy, F,; Yiu, C.K. Single-step, self-etch adhesives behave as permeable membranes after
polymerization. Part II. Silver tracer penetration evidence. Am. |. Dent. 2004, 17, 315-322.

Tay, ER.; Pashley, D.H.; Suh, B.; Carvalho, R.; Miller, M. Single-step, self-etch adhesives behave as permeable membranes after
polymerization. Part I. Bond strength and morphologic evidence. Am. J. Dent. 2004, 17, 271-278.

Carrilho, M.R,; Tay, ER.; Donnelly, A.M.; Agee, K.A.; Carvalho, RM.; Hosaka, K.; Reis, A.; Loguercio, A.D.; Pashley, D.H.
Membrane permeability properties of dental adhesive films. J. Biomed. Mater. Res. 2009, 88, 312-320. [CrossRef]


http://doi.org/10.1016/j.dental.2016.11.015
http://www.ncbi.nlm.nih.gov/pubmed/28007396
http://doi.org/10.1016/j.jdent.2013.12.009
http://www.ncbi.nlm.nih.gov/pubmed/24373857
http://doi.org/10.1007/s00784-012-0697-1
http://www.ncbi.nlm.nih.gov/pubmed/22431144
http://doi.org/10.1111/j.1708-8240.2002.tb00145.x
http://doi.org/10.1016/j.dental.2006.05.005
http://doi.org/10.1016/S0300-5712(02)00064-7
http://doi.org/10.1177/154405910208100811
http://doi.org/10.1016/j.dental.2013.05.001
http://doi.org/10.3290/j.jad.a41975
http://doi.org/10.1016/j.dental.2022.01.002
http://doi.org/10.1016/j.dental.2021.08.017
http://doi.org/10.1016/S0109-5641(01)00017-3
http://doi.org/10.1016/j.nano.2011.09.005
http://doi.org/10.1002/jbm.b.10010
http://doi.org/10.1111/j.1600-0722.2004.00127.x
http://doi.org/10.3390/ma12101720
http://doi.org/10.1016/j.dental.2006.06.040
http://doi.org/10.3290/j.jad.a43994
http://doi.org/10.1016/j.biomaterials.2005.05.011
http://doi.org/10.1177/154405910308200805
http://doi.org/10.1111/j.1600-0722.2005.00251.x
http://doi.org/10.1016/j.dental.2005.10.008
http://doi.org/10.1002/jbm.b.30968

Polymers 2022, 14, 2701 12 of 12

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

Cruz, ].; Silva, A,; Eira, R.; Sousa, B.; Lopes, M.; Cavalheiro, A. Dentin Permeability and Nanoleakage of Universal Adhesives in
Etch-and-rinse vs Self-etch Modes. Oper. Dent. 2021, 46, 293-305. [CrossRef]

Chersoni, S.; Suppa, P.; Grandini, S.; Goracci, C.; Monticelli, F,; Yiu, C.; Huang, C.; Prati, C.; Breschi, L.; Ferrari, M.; et al. In vivo
and in vitro permeability of one-step self-etch adhesives. J. Dent. Res. 2004, 83, 459-464. [CrossRef]

Tay, ER.; Lai, C.N.; Chersoni, S.; Pashley, D.H.; Mak, Y.E; Suppa, P; Prati, C.; King, N.M. Osmotic blistering in enamel bonded
with one-step self-etch adhesives. J. Dent. Res. 2004, 83, 290-295. [CrossRef]

Van Landuyt, K.L.; De Munck, J.; Snauwaert, J.; Coutinho, E.; Poitevin, A.; Yoshida, Y.; Inoue, S.; Peumans, M.; Suzuki, K,;
Lambrechts, P.; et al. Monomer-solvent phase separation in one-step self-etch adhesives. . Dent. Res. 2005, 84, 183-188. [CrossRef]
Burgess, ].O. Materials you connot work without: Refining your tools for treatment. J. Cosmet. Dent. 2013, 28, 94-106.

Spencer, P.; Wang, Y.; Walker, M.P.; Wieliczka, D.M.; Swafford, ].R. Interfacial chemistry of the dentin/adhesive bond. J. Dent. Res.
2000, 79, 1458-1463. [CrossRef] [PubMed]

Sezinando, A.; Serrano, M.L.; Perez, V.M.; Munoz, R.A.; Ceballos, L.; Perdigao, J]. Chemical adhesion of polyalkenoate-based
adhesives to hydroxyapatite. . Adhes. Dent. 2016, 18, 257-265. [CrossRef] [PubMed]

Sezinando, A.; Perdigao, J.; Ceballos, L. Long-term In Vitro Adhesion of Polyalkenoate-based Adhesives to Dentin. . Adhes. Dent.
2017, 19, 305-316. [CrossRef]

Sauro, S.; Osorio, R.; Watson, T.F,; Toledano, M. Therapeutic effects of novel resin bonding systems containing bioactive glasses
on mineral-depleted areas within the bonded-dentine interface. J. Mater. Sci. Mater. Med. 2012, 23, 1521-1532. [CrossRef]
Carvalho, E.M.; Ferreira, PV.C.; Gutierrez, M.E; Sampaio, R.E; Carvalho, C.N.; Menezes, A.S.; Loguercio, A.D.; Bauer, J. Develop-
ment and characterization of self-etching adhesives doped with 4555 and niobophosphate bioactive glasses: Physicochemical,
mechanical, bioactivity and interface properties. Dent. Mater. 2021, 37, 1030-1045. [CrossRef]

Tatullo, M.; Genovese, E; Aiello, E.; Amantea, M.; Makeeva, I.; Zavan, B.; Rengo, S.; Fortunato, L. Phosphorene Is the New
Graphene in Biomedical Applications. Materials 2019, 12, 2301. [CrossRef]

Tatullo, M.; Zavan, B.; Genovese, E; Codispoti, B.; Makeeva, I.; Rengo, S.; Fortunato, L.; Spagnuolo, G. Borophene Is a Promising
2D Allotropic Material for Biomedical Devices. Appl. Sci. 2019, 9, 3446. [CrossRef]

Nagarkar, S.; Theis-Mahon, N.; Perdigao, J. Universal dental adhesives: Current status, laboratory testing, and clinical perfor-
mance. J. Biomed. Mater. Res. 2019, 107, 2121-2131. [CrossRef]


http://doi.org/10.2341/19-276-L
http://doi.org/10.1177/154405910408300605
http://doi.org/10.1177/154405910408300404
http://doi.org/10.1177/154405910508400214
http://doi.org/10.1177/00220345000790070501
http://www.ncbi.nlm.nih.gov/pubmed/11005728
http://doi.org/10.3290/j.jad.a36222
http://www.ncbi.nlm.nih.gov/pubmed/27341385
http://doi.org/10.3290/j.jad.a38895
http://doi.org/10.1007/s10856-012-4606-6
http://doi.org/10.1016/j.dental.2021.03.004
http://doi.org/10.3390/ma12142301
http://doi.org/10.3390/app9173446
http://doi.org/10.1002/jbm.b.34305

	Introduction 
	Materials and Methods 
	Tooth Selection and Preparation 
	Experimental Design 
	Sample Size Calculation 
	pH Cycling Model 
	Restorative Procedures 
	Microtensile Bond Strength Test (TBS) 
	Nanoleakage (NL) 
	Statistical Analysis 

	Results 
	Microtensile Bond Strength (TBS) 
	Nanoleakage (NL) 

	Discussion 
	Conclusions 
	References

