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ABSTRACT

Bonding to demineralized dentin of a diseased tooth has shown to be a significant clinical
issue. This study evaluated the effect of 0.2% NaF-(NaF)Pd¢te™-(CPPACP) and the
self-assembling peptide ‘P11-4’ (Ace-QQRFEWEFEQMH2) contained in Curodomnt
Repair, have on microtensile bond stren@tfiBS) of two different adhesive systems
(Adper™ Single Bond-(SB) or Clearfit SE Bond (CSE)) and wettability of demineralized
dentin slices after remineralising agents were applied. The highest uyTBS were found for the
demineralized dentin-(DD) treated with CPP-ACP; both adhesives systems (p<0.05) did not
significantly difference from B-4 treatment associated with SB, and also presented higher
values than sound dentin-(SD/SB) (p<0.01). DD treated witt Rssociated with CSE did

not differ from DD/CSE (p>0.05). The NaF treatment associated with CSE recovered the
bond strength values of SD/CSE and associated @8ih demonstrated lower pTBS than

other groups, although significantly higher than DD (p<0.0&)4Rand CPP-ACP increased
significantly the wettability of demineralized dentin (p<0.05); etching acid improved
wettability for all groups (p<0.05), whilst NaF did not affect the wettability of demineralized
dentin (p>0.05). Morphological analysis of the dentin surface and dentinresin interface
revealed unique features of the applied remineralizing agent. The results indicated that self-
assembling peptide1P4 associated with SB and CPP-ACP associated with SB or CSE
significantly enhanced the bond strength to demineralized dentin (p<0.05). We conclude that
by modifying the dentine surface and restoring conditions found on sound dentin, this can
enhance the interfacial bonding.
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1. Introduction

The evolution of adhesive restorative materials and knowledge of caries lesion progression
have led to the development of minimal intervention approaches, with the aim of preserving
as much natural tooth structure as possible. This often involves remnants of the inner-layer of
carious dentin, known as caries-affected dentin (CAD) (Fusayama, 1979; Lenzi et al., 2015;
Yoshiyama et al., 2002). The adhesive procedures in caries-affected dentin have limited
durability as the dentin is partially demineralized, affecting bond strength of resin/dentin
interfaces (de-Melo et al., 2013; Pinna et al., 2015; Shibata et al., 2016). The irregular
demineralization of CAD hinders the permeation of exposed collagen fibrils with resin
monomers, resulting in water accumulation along the bonded interface, susceptible to
hydrolytic degradation (Tjaderhane et al., 2013; Yoshiyama et al., 2002).

Based on this, new strategies have been employed that focus on the remineralization of the
partially demineralized dentin to improve its mechanical/bonding properties (Liu et al.,
2011). Reported remineralizing approaches include several types of bioactive materials
(Zhong et al., 2015), sodium fluoride (NaF) (Correa et al., 2016), casein phosphopeptide with
amorphous calcium phosphate (CPPACP) (Cao et al.,, 2013; Reynolds, 2008) and, more
recently, biomimetics of enamel matrixproteins (NCP) and synthetic peptides, all attempting
to remineralize dentin substrate (Cao et al., 2013; Zhong et al., 2015).

NaF, for instance, is widely used for caries control due to its ability to prevent
demineralization by the formation of low-soluble Fluorapatite and promoting emineralization
by calcium fluoride precipitation on the dental surface (Mukai and ten Cate, 2002). At
present, the effect of fluoride application methods prior to bonding procedures remains
controversial. Moreover, recent research has shown the inhibitory effect of NaF on
endogenous proteases involved in the degradation of dentin collagenous matrix (Altinci et al.,
2016; Brackett et al., 2015; Kind et al., 2017), leading to the overall stability of the bonding
interfaces.

Casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) has been reported
for the prevention of demineralization and enhancement of remineralization of enamel and
dentin lesions (Rahiotis and Vougiouklakis, 2007; Reynolds, 2008). The mechanism of action
of CPP-ACP involves the ability to stabilize calcium phosphate under neutral or alkaline pH
solutions, promoting their incorporation in hydroxyapatite of the tooth (Gupta and Prakash,
2011). According to the literature, CPP-ACP would be able to replace the minerals of the
intra- and interfibrilar collagen spaces, after demineralization occupied by water, and thus
reinforcing the bond strength at the resin/dentin interface (Cao et al., 2013; Sattabanasuk et
al., 2014).

Likewise, another strategy of remineralization was developed using an self-
assembling peptide 1R4 (CHCO-Q-Q-R-F-E-W-E-F-E-Q-(QNH2), which has recently
received more attention, as it has shown to regenerate enamel (Brunton et al., 2013; Ceci et
al., 2016; Jablonski-Momeni and Heinzel-Gutenbrunner, 2014; Kind et al., 2017; Kirkham et
al., 2007; Silvertown et al., 2017; Soares et al., 201id)4 Pa self-assembling biomimetic
peptide, it changes from a monomeric state (a non-newtonian fluid) and assembles into a
fibrillar hydrogel in response to specific environmental triggers, such as a pH<7 and a
variation in ionic strength (Davies and Aggeli, 2011). Them4Phydrogel attracts calcium
ions, inducing “de novo" crystallisation of hydroxyapatite from supersaturated solutions such
as saliva (Aggeli et al., 2003; Kirkham et al., 2007; Kind et al., 2017). Although the self-
assembled 2-4 matrix could control the deposition and growth of hydroxyapatite crystals on



enamel, the behaviour of self-assembling peptide4Pon dentin surfaces remains yet
unstudied.

Furthermore, the bonding approaches can be regulated by the surface features of the
substrate. The higher surface energy, the higher wettability and the higher penetration of a
liquid in this surface can be achieved. Toledano et al demonstrated that the demineralization
of dentin resulted in a higher contact angle and the immersion of demineralized dentin into
remineralization solutions can improve the dentin wettability (Toledano et al., 2014).

Considering the bonding approaches for different adhesive systems, etchand- rinse or
self-etch, and the modified substrate by carious process, the remineralization of
demineralized dentin can be a reasonable strategy to improve the adhesion to caries-affected
dentin and facilitate the preservation of the inner layer of intact, bacteria-free remineralizable
cariesaffected dentin, preventing caries lesion progression and secondary caries formation
(Niu et al., 2014).

Therefore, the aim of this study was to determine whether NaF, CPP-ACRiahd P
pre-treatments, influence the wettability of the demineralized dentin and the micro-tensile
bond strengths of composite resin adhesive systems to the surface of demineralized dentin,
when using an etch-and-rinse or a self-etch system. The tested hypothesis was that the pre-
treatment of demineralized dentin with remineralizing agents improves the wettability of
demineralized dentin and the microtensile bond strength, regardless of the adhesive strategy.

2. Materialsand Methods
2.1. Experimental design

This in vitro study involved a 4x2 factorial design, where the factors under evaluation
included (1) substrate condition (4 variables): demineralized dentin, demineralized dentin +
0.2% of NaF (900 ppm of fluoride), demineralized dentin + CPP-ACP (M| P3stand
demineralized dentin + self-assembling peptidedP(Curodor®™ Repair); and (2) adhesive
systems (2 variables): Adp&rSingle Bond 2 (etch-and-rinse), and Cle&ff6E Bond (self-

etch). Sound dentin was used as a positive control for both groups of adhesives (Figure 1).
Experimental units were accomplished by 135 sound humans third molars randomly assigned
into groups. The response variables were: microtensile bond strength (UWTBS) (n=6),
wettability measured by the contact angle formed between dentin and the water (n=6),
analysis of bonded interfaces (n=3), dentin surface morphology (n=3) by SEM, according to
the factors under study. The design of the present study is presented in Figure 1. The changes
will be available in the text.” The composition of materials, manufacturers, batch number, pH

and application methods are described in Table 1.

2.2. Specimen prepar ation

For this in vitro study, 135 sound humans third molars were obtained after informed consent
was obtained from patients of the Piracicaba Dental School, University State of Campinas
and the local Research Ethics Committee provided approval (protocol #088/2011). The teeth
were stored in 0.1% thymol solution at 4°C for no more than two months after extraction.
Tooth slices (4 mm thick) were produced from each tooth using a diamond-impregnated disc
(Buehler, Lake Bluff, IL, USA) under water cooling in a specific cutter machine (Isomet
1000, Buehler, Lake Bluff, IL, USA). The tooth slices were ground with 600-grit silicon
carbide sandpaper to create a smear layer. All surfaces except the occlusal flat seaface a
were coated with a red acid-resistant nail varnish (Colorama, CEIL; Sdo Paulo, SP, Brazil)
(Sacramento et al.,2012).



2.3. Randomization procedure

The tooth slices were randomly allocated into five groups (n=27) according to the
remineralization treatment and control groups (sound and demineralized dentin). Three
specimens from each group were randomly allocated to the dentin surface morphology (n=3)
and wettability evaluation (n=6). The remaining tooth slices from each group were randomly
assigned to the twadhesive system and subjected to microtensile bond strength test (W TBS)

and failure mode evaluation (n=6) as well as to the dentin/resin interface morphology
analysis (n=3) (Figure 1).

2.4. Dentin demineralization and surface pretreatment

2.4.1. Demineralization procedures

Tooth slices (N=108) were immersed in 5 mL of 6% carboxymethylcellulose acid gel
(Proderma Pharmacy; Piracicaba, SP, Brazil) containing 1 M lactic acid titrated with a
concentrated KOH solution at 37°C, pH 5.0, for 48 h (de Carvalho et al., 2008; Pacheco et al.,
2013). Tooth slices were rinsed twice with deionized water in an ultrasonic bath for 15 min
and slightly dried with tissue paper (Sacramento et al., 2012). The morphology and depth of
the demineralized dentin were previously evaluated in a pilot study by polarized light and
scanning electroniemicroscopies and demonstrated ~12 pm depth of demineralized dentin

(data noshown).

2.4.2. Dentin Surface Treatment

Twenty-seven teeth were assigned to 5 groups according to the remineralization
treatment: sound dentin (without treatment); demineralized dentin (without treatment);
demineralized dentin + treated with 0.1 mL of the NaF solution (1min); demineralized dentin
+ treated with 0.1 mL of the MI Paste™ (1 min); and demineralized dentin + treated with 50
uL of the Curodont™ Repair was applied and left for 5 min, then, a Caz2+and PQ@* solution
for 1 min. For all treatments, the solution excess was removed by with absorbent paper.

2.5. Bonding procedures and microtensile bond strength (uTBS) test

All tooth slices were bonded with adhesive systems by a single operator according to the
manufacturer’s instructions, except for the dentin specimens that were submitted to
morphological surface evaluation (Table 1). Resin composite blocks 4 mm thick (Filtek
Z250; 3M ESPE, St. Paul, MN, USA,; batch #51202) were built on the dentin surface in 2-
mm increments, which were light-cured for 20 secs using an LED Curing Light Valo
(Ultradent Products Inc., Indaiatuba, SP, Brazil) at 1000 m\W/The resin/dentin sets were
stored in deionized water at 37°C for 24 h (Mufioz et al.,2015).

Bonded specimens were sectioned in the mesial-distal and buccal-lingual directions
with a low speed diamond observed (Isomet, Buehler Ltd, Lake Bluff, IL,USA), resulting in
50 specimens (beams) per group with a cross-sectional area of approximately 1 mm
measured with a digital caliper (C&-BS, Mitutoyo Corporation, Tokyo, Japan). Specimens
were individually fixed with cyanoacrylate based adhesive (Super Bonder Power Flex-Gel
Control, Loctite, Henkel Ltda, Itapevi, Sdo Paulo, Brazil) to a custom-made apparatus and
then to the grips of a universal testing machine (EMIC DL 500, EMIC - Equipamentos e
Sistemas de Ensaio, Sao José dos Pinhais, PR, Brazil). They were tested under tension (50 N
load) at a 1 mm/min crosshead speed until failure. The microtensile bond strength was
calculated in MPa according to the formula: R = F (kgF) x 0.098/A, where A = bonding



surface area (incfjy F = value of force obtained at the failure, and R = resistance value (in
MPa).

2.6. Scanning Electron Microscopy (SEM)
2.6.1. Dentin surface morphology

For dentin surface morphology evaluation, the surface treatments were performed as
previously described (dentin demineralization and surface pretreatment section). Specimens
were dried for 24 h at room temperature. Specimens were gold sputter-coated for 120 secs at
40 mA and examined using a scanning electronic microscope (JEOL, JSM 5600LV, Tokyo,
Japan) at a standardized magnification (X3000). The dentin surface morphology was
gualitatively analysed considering the parameters: surface homogeneity; dentin tubules;
smear layer;demineralization/remineralization features.

2.6.2. Failure mode analysis

All the fractured specimens from the microtensile bond strength analysis were
assessed to determine the failure mode using SEM at x50 and x150 magnifications. The
fractured surfaces of the beams were paired, air dried, mounted on aluminum stubs, gold
coated, and examined by SEM (JSM-5600LV, JEOL; Tokyo, Japan), operated at 15 kV. The
failure patterns were classified according to the following categories: adhesive, mixed
(involving resin composite, adhesive and/or dentin), cohesive failure in the resin composite,
and cohesive failure in dentin (Bacchi et al., 2015).

2.6.3. Dentin-resin interface evaluation

The dentin specimens were prepared as described above. After resin composite build-up and
overnight storage in deionized water at 37°C, the specimens were perpendicularly sectioned
to the interface to produce resin/dentin slices. Specimens were polished using wet silicon
carbide sandpaper (#600 to #4000 series) and 3 um and 1pm diamond pastes (Buehler, Lake

Buff, IL, USA). Specimens were ultrasonically cleaned for 20 min after each abrasive paper
and polishing paste. Slices were then demineralized with 37% phosphoric acid for 5 secs,
rinsed with deionized water for 30 secs, and dried with tissue paper. Subsequently, they were
deproteinized with 10% NaOCI for 5 min, rinsed in an ultrasonic bath, and left to dry for 24 h
at room temperature. Finally, the slices were gold sputter-coated and observed using SEM at
15kV by a single operator at a standardized magnification (x1500).

2.7. Wettability analysis by contact angle measurements

For dentin surface wettability analysis, thirty flat dentin blocks were submitted to
surface treatments performed as previously described (dentin demineralization and surface
pre-treatment section). Flat dentin surface were randomly divided according treatment (n=6):
Sound dentin (positive control); Demineralized Dentin (negative control); Demineralized
dentin + 0.2% NaF; Demineralized dentin + CPP-ACP; Demineralized dentim-4. P
Specimens were placed in the table of the Digidrop goniometer (Labometric Lda, Leiria,
Portugal), at room temperature, which were guided against a water drop. Water contact



angles were measured with a goniometer equipped with a special optical system and a
Charge€oupled Device (CCD) camera. A drop of water (approximately 0.5 pul) was placed

on contact against dentin surface and the image was immediately sent via the CCD camera to
the computer for analysis, using the software GBX Digidrop (GBX Company, Bourg de
Péage, Franca). Means and standard deviation of water contact angles were measured to
assess surface hydrophilicity change by demineralized dentin treatment, including negative
and positive control groups. Then, etching acid was performed on each specimen using
Scotchbond™ Universal Etchant (3M ESPE; St Paul, MN, USA), for all groups and contact

angle was measured again using the same method described above (Ururahy et al., 2017).

2.8. Statistical analysis

Data from pTBS were submitted to the Shapiro-Wilk test, which was followed by factorial
ANOVA and Tukey post hoc tests, considering the tooth as an experimental unit. Dunnett test
was used to compare the pTBS from each demineralized dentin/treated group to sound

dentin, while unpaired t-test was chosen for adhesive system comparisons on sound dentin.
The dentin surface morphology and failure mode data were submitted to descriptive analysis.
Data from contact angle measurement of experimental groups were submitted to Shapiro-
Wilk test and then, to one-way ANOVA and Tukey tests. In order to compare before and
after etching acid, t-test for paired samples was used and Dunnett test to compare the
experimental groups with sound dentin. All tests were performed considering a=5%.

3. Results
3.1. Microtensile bond strength (uTBS)

The mean uTBS values and standard deviation of demineralized dentin treated with different
remineralizing agents and adhesive systems are described in Table 2. A significant interaction
was observed between the substrate conditions and adhesive systems (p<0.01). For SB
adhesive system the highest W'TBS averages were found for the demineralized dentin treated

with Pu1-4 and CPP-ACP (p<0.05), and they did not significantly differ from each other
(p>0.05). The uTBS values of CPP-ACP and P-4 were statistically different with sound
dentin (p<0.05), presenting values of uTBS higher (p<0.05). Demineralized dentin treated

with NaF showed averages higher than those found in demineralized dentin (p<0.05). The
lowest uTBS averages were found for the demineralized dentin (p<0.05). For de CSE
adhesive system the demineralized dentin treated with CPP-ACP had the highest bond
strength value (p<0.05). The lowest pTBS averages were found for the demineralized dentin

and treated with P11-4, and did not differ from each other (p>0.05). The NaF treatement did
not significantly differ from to sound dentin (p>0.05). The Dunnett test demonstrated a
significant difference between the sound dentin and demineralized/treated dentin groups
(p<0.05)

3.2. SEM analysis

SEM micrographs of the dentin morphology according to the tested substrate are presented in
Figure 2. The sound dentin group showed that intertubular and peritubular dentin had a
homogeneous surface with noticeable dentinal tubules and no signs of demineralization
(Figure 2— Al). The artificial demineralized dentin demonstrated a heterogeneous surface
with decreased amount of intertubular dentin, and some dentinal tubules obliterated by the
apparently released minerals (circle in Figure B1). Figure 2- C1 shows a surface treated

with fluoride solution, which presented quite similar to the non-treated demineralized dentin.



The CPP-ACP treatment showed a residual layer of CPP-ACP-containing paste covering the
dentin surface and partially occlude the dentinal tubules (circle in FiguE2l}. Figure 2-

E1 illustrates a demineralized dentin coated hy4Phydrogel saturated with €zaand PQ*

(circle), displaying a homogenous surface resembling the sound dentin, but with occluded
tubules.

The prevalence values of the failure modes are shown in Figure 3. Overall, adhesive and
mixed failures were the most frequent. The cohesive type on composite was the most
prevalent failure found in sound dentin when the SB (56%) or CSE (58%) systems were used
(Figure 2— A2 and A4). More than 75% and 55% of the failure observed in demineralized
dentin corresponded to adhesive and mixed patterns for SB (FiguB2Pand CSE (Figure

2 — B4), respectively. The dentin treatment with NaF promoted a higher frequency of mixed
failure (>80%), regardless of the chosen adhesive (FigureC2 and C4). Most of the
failures observed in demineralized dentin pre-treated with CPP-ACR1-dr &d bonded

with SB was the mixed type with values of 54% and 68%, respectively (Figu@22and

E2). CPP-ACP associated with CSE adhesive caused a higher frequency of cohesive on the
dentin failure mode (50%), whereas 93% of failures observed ini1th/ ®SE association

were the adhesive type (Figure D4 and E4).

The formation of a resin-dentin interdiffusion zone created by SB and CSE adhesives,
associated with the different dentin substrates, is described in Figure 2 (A3- E3 and A5-Eb).
For CPP-ACP, it seems that the paste penetrated inside the dentinal tubules and precipitated
on the tubule walls (Figure-2D1). Therefore, when SB was applied to the CPP-ACP coated
dentin, it was observed that the adhesive penetrated the tubules, creating long resin tags
covered by a mineralized layer (asterisk in Figure[23). Interestingly, when SB was used,
CPP-ACP appeared to be included into the adhesive, and the resin-tags characteristics
differed from sound and demineralized dentin, with numerous and wider resin-tags. Fluoride
had a very similar structure as for demineralized dentin when SB was applied. For CSE resin
tags appeared numerous and wider than in demineralized denth.pRovided a similar
resin/dentin interface than sound dentin, regardless of the adhesive system.

3.3. Wettability analysis of demineralized dentin treated with remineralizing agent
by contact angle measurements

Results of the contact angle experiments (Figure 4, Table 3) showed that treatment with CPP-
ACP provided the highest increase of wettability (degree) on demineralized dentin. After acid
etching was carried out, all groups indicated an increase in wettability, which is characteristic
of a lower contact angle, with the exception of the remineralising agents CPP-ACR-d4nd P

The contact angle for CPPACP remained unaltered. Whilst after demineralised dentine was
treated with B1-4 its contact angle was similar to that found in sound dentine (with or without
acid etching).

4. Discussion

A range of factors, including the structural, physical and chemical characteristics of substrate,
might affect the bonding effectiveness of an adhesive system (Bahari et al., 2014; Marshall et
al., 1997; Pinna et al., 2015; Shibata et al., 2016). Minimally invasive treatment of cavitated
dentin lesions is based on preservation of caries-free tissue but might leave limited caries-
affected tissue. The present study investigated whether remineralization pre-treatment of an
artificially demineralized dentin would influence the wettability of the dentin surface and
microtensile bond strength of two adhesive systems. The null hypothesis rejected because a



significant interaction between remineralization pre-treatment and material bonding was
observed.

In an attempt to simulate and standardize the conditions found in natural caries-
affected dentin, several methods of producing caries-like lesions in vitro have been
developed, such as chemical and biological models (Lenzi et al., 2015; Pacheco et al., 2013).
The present study submitted the sound dentin specimens to a chemical demineralizing
challenge by applying an acid gel containing lactic acid, a by-product of baotetatholism
(de Carvalho et al., 2008; Pacheco et al., 2013). It was verified that this method was effective
in impairing the pTBS values of dentin; furthermore, SEM analysis presented a emineralized
dentin exhibiting a heterogeneous and porous surface with some lumens of dentinal bliterated
(Figure 2 - B1).

Considering the demineralized dentin group, the current investigation found similar
results of microtensile bond strength for both, SB and CSE adhesive systems, which were
significantly lower than those found in the sound substrate (Ceballos et al., 2003; Pereira et
al., 2006; Yoshiyama et al., 2002). This is to be considered as mineral loss which may be
detrimental for the infiltration of resin monomers into the demineralized dentin, due to the
residual water present in demineralized dentin (Lenzi et al., 2015). Changes in the structure
and composition of dentin by caries can also be responsible for the formation of a
disorganized, acid-resistant crystal layer (whitlockite tricalcium phosphate) that obliterates
dentine tubules and disturbs the formation of resin tags (Pinna et al., 2015). In addition, the
results by contact angle analysis also indicated a significant wettability decrease for
demineralized dentin. The decrease in wettability can reduce the bonding agents ability to wet
and spread on dentin surface, thus hampering the resin monomers ability to interlock due to
the high hydrophilicity of those substrates.

To minimize the effects caused by caries process on the bonding, remineralizing
approaches have been demonstrated as promising alternatives to restructure the chemical-
mechanical properties of the damaged dentin and to maintain the integrity of bonding
interface (Liu et al., 2011). Of note, NaF has well-established efficacy on caries control
(Prabhakar et al., 2013). Generally, mineral deposition of fluoride ions occurs on the surface
of caries lesions, causing hypermineralization of dentin and impregnation of calcium fluoride
precipitates into the tubules (Arends et al., 1989). In addition, the acid etching used in the
etch-and-rinse procedure for SB adhesive system may remove the mineral ions from the
surface, interfering with the hybridization in dentin collagen network from demineralized
dentin. This process might have occurred when the SB adhesive system was applied after
0.2% NaF prareatment of demineralized dentin, as the pTBS values were considerably
lower than those observed in the sound dentin or in another remineralizing group.
Nevertheless, the application of 0.2% NaF prior to CSE were comparable to the dentin bond
strength of sound dentin, suggesting a possible chemical interaction between the functional
10- MDP monomer (10-methacryloxydecyl di-hydrogenphosphate) of CSE and CaF
precipitates on the demineralized surface (Pinna et al., 2015). Moreover, the surface created
by 0.2% NaF application provided similar wettability than demineralized dentin reinforced
the idea that surface characteristics is the main factor affecting the bond strength.

CPP-ACP is based on a complex of the milk protein casein-phosphopeptide (CPP)
and amorphous calcium phosphate (ACP). It releases, deposits and stabilizes high
concentrations of calcium and phosphate ions on the tooth surface, inhibiting
demineralization and enhancing remineralization (Rahiotis and Vougiouklakis,
2007;Reynolds, 2008).

In the current analysis, CPP-ACP pre-treatment of demineralized dentin associated
with SB and CSE systems showed promising results, exceeding the bond strength observed
for sound dentin. The first hypothesis for these results can be based on the surface



mechanisms provided by the CPP-ACP on the demineralized dentin surface. This result
showed a highly significant decrease on contact angle when CPPACP was used for treating
demineralized dentin. Consequently, a higher wettability can be found when demineralized
dentin is treated with CPP-ACP. The shorter period of CPP-ACP application proposed in the
present investigation might have also contributed to the improvement of adhesion by the
formation of a thinner residual layer of CPPACP that might not have interfered with th
etching and hybridization of demineralized substrate (Sattabanasuk et al., 2014).

Encouraged by the potential CPP-ACP effect, some studies have been performed to
assess its influence in the bonding performance of adhesive systems (Bahari et al., 2014,
Borges et al., 2012; Sattabanasuk et al., 2014). Sattabanasuk et al, observed that the treatment
of sound dentin with CPP-ACP for 5 minutes did not influence the microtensile bond strength
of the CSE system, while it decreased the uTBS of a three-step, etch-and-rinse adhesive
(Sattabanasuk et al., 2014). Another investigation, performing 15 minutes of CPP-ACP
application for five consecutive days, also verified a lack of improvement of the microtensile
bond strength of the SB system when natural caries-affected dentin was coated with Ml
Pasté (Bahari et al., 2014). These results can be attributed the formation of a CPP-ACP
residual layer could reduce the etching effect of phosphoric acid, blocking the
micromechanical interlocking of resin monomers from etch-and-rinse adhesives (Bahari et
al., 2014; Sattabanasuk etal., 2014).

With respect to the use of CSE, previous studies have indicated that its functional
monomer, 10-MDP, has strong affinity to the hydroxyapatite crystals attached around the
demineralized collagen (Borges et al.,, 2012; Sattabanasuk et al., 2014). This chemical
interaction induces the formation of an insoluble and resistant Ca-10-MDP monomer salt,
which is supposed to enhance the mechanical properties of bonding interfaces (Pinna et al.,
2015).

The self-assembling peptide:r? was rationally designed as a 3D scaffold for tissue
engineering. B-4 assembles in response to environmental triggers such as pH or variations
in ionic strength (Aggeli et al., 2003; Kind et al., 2017; Kirkham et al., 2007; Kyle et al.,
2010). This prepositions them for nucleation of hydroxyapatite (Aggeli et al., 2003; Kind et
al., 2017; Kirkham et al., 2007). Several approaches, in vitro and in vivo, have recently
demonstrated the effectiveness of self-assembling peptidd P remineralizing early
carious lesions as well as in preventing demineralization of enamel (Brunton et al., 2013;
Ceci et al.,, 2016; Jablonski-Momeni and Heinzel-Gutenbrunner, 2014; Silvertown et al.,
2017; Soares et al., 2017); however, none have investigatedda dentin surfaces. Thus,
the current analysis was the first to evaluate the use of self-assembling peplidesR pre-
treatment for demineralized dentin and its influence on the microtensile bond strength of two
different adhesive systems.

P11-4 application prior to SB, considerably increased the pTBS of demineralized
dentin compared to DD (Figure2E1 and E3), and were similar to the values observed for
CPP-ACP pre-treatment followed by SB or CSE bonding. Considering self-assembly is
dependent on pH (Aggeli et al., 2003; Kind et al., 2017; Kirkham et al., 2007), it is possible
that the low pH provided by etching with 37% phosphoric acid (<1.0) (Pashley et al., 2011)
enhanced the self-assembly ofi-B. The fibre scaffold formed then binds the available
calcium and phosphate ions on the dentin surface as well as chemically reinforced the
structure of dentin. Furthermore, it might be hypothesised that the mechanism by which the
P11-4 fibres acts may be similar to the dentin matrix phosphoprotein DMP-1; in other words,
P11-4 would promote the complete remineralization of collagen fibrils via the stabilization and
hierarchical organization of apatite, protecting the fibrils from hydrolytic and proteolytic
degradation (Kind et al., 2017; Kirkham et al., 2007).



However, no changes in the bond strength to demineralized dentin were observed
when Ri-4 was applied prior to a self-etch adhesive. CSE is a two-step, selfetch adhesive
system that includes hydrophilic acidic monomers, which simultaneously etch and prime the
tooth substrate (Giannini et al., 2015). The results of this study concerning surface properties
of a demineralized dentin surface showed that a hydrophobic surface had been formed after
the application of B-4, which probably hampered the primer conditioning by CSE, leading
to poor adhesion to demineralized dentin. In addition, missing etching step can lead to
smaller number of fibres formed due to the self-assembly being slower and less stable, and
thus a lower effect can be observed on remineralization process.

It can be pointed out as a limitation of the current study the fact a long-term
assessment was not applied to evaluate the interaction of remineralizing agents and adhesive
systems upon the uTBS. In addition, a water-storage medium was chosen, which might have
not mimic accurately the influence of dentinal fluid on the degradation of resin composites.
Supplementary analysis as the quantification of mineral contents as well as the permeability
of the hybrid layer could have been applied to support the outcomes achieved in the present
investigation.

Therefore, we emphasize that the treatment of caries-affected dentin with
remineralizing agents, such as CPP-ACP and}Pprior to the bonding procedures seems to
be a promising approach for improving the stability of hybrid layers. However, this approach
depends on the adhesive system and remineralizing agent. Furthermore, the protocols of
remineralizing agent application used in this investigation could be considered applicable for
clinicians as a novel step for adhesive procedures. Finally, we suggest that in situ and clinical
studies should be performed to confirm the current outcomes and elucidate the relationship
between adhesive systems and demineralizing dentin treatment further.

5. CONCLUSION

Under the limitations of this in vitro study, the pre-treatment of demineralized dentin with
remineralizing agents demonstrated to be a good, viable option to improve bonding. Adper™

Single Bond 2 associated with self-assembling peptidd Br CPPACP and Clearfil™ SE

Bond associated with CPP-ACP showed promising results by increasing the bonding
strength.

ACKNOWLEDGEMENTS

Authors are grateful to FAPESP (2011/16634-3, 2015/12660-0) by the research financial
support and Credentis (AG, Dorfstrasse, Windisch, Switzerland) for providing one of the
materials tested. Also, the authors thank Espaco da Escrifaordenadoria Geral da
Universidade- UNICAMP — for the language services provided. Authors thank to Dominik
Lysek for revising the manuscript and providing a great discussion about that.

REFERENCES

Aggeli, A., Bell, M., Carrick, L.M., Fishwick, C.W.G., Harding, R., Mawer, P.J., Radford,
S.E., Strong, A.E., Boden, N., 2003. pkla trigger of peptide B-sheet self-assembly and
reversible switching between nematic and isotropic phases. J.Am. Chem. Soc. 125, 9619
9628. https://doi.org/10.1021/ja021047i



Altinci, P., Mutluay, M., Seseogullari-Dirihan, R., Pashley, D., Tjaderhane, L.,Tezvergil-
Mutluay, A., 2016. NaF Inhibits Matrix-Bound Cathepsin-Mediated Dentin Matrix
Degradation. Caries Res. 50, £232.https://d0i.org/10.1159/000444222

Arends, J., Christoffersen, J., Ruben, J., Jongebloed, W.L., 1989. Remineralization of bovine
dentine in vitro. Caries Res. 23, 3334.

Bacchi, A., Abuna, G., Babbar, A., Sinhoreti, M.A.C., Feitosa, V.P., 2015. Influence of 3-
month Simulated Pulpal Pressure on the Microtensile Bond Strength of Simplified Resin
Luting Systems. J. Adhes. Dent. 17, 2B%1]https://doi.org/10.3290/j.jad.a34414

Bahari, M., Savadi Oskoee, S., Kimyai, S., Pouralibaba, F., Farhadi, F., Norouzi, M.,2014.
Effect of Casein Phosphopeptide-amorphous Calcium Phosphate Treatment on Microtensile
Bond Strength to Carious Affected Dentin Using Two Adhesive Strategies. J. Dent. Res.
Dent. Clin. Dent. Prospects 8, 1417. https://doi.org/10.5681/joddd.2014.026

Borges, B.C.D., Souza-Junior, E.J., da Costa, G.D.F.A., Pinheiro, 1.V.D.A., Sinhoreti,

M.A.C., Braz, R., Montes, M.A.J.R., 2012. Effect of dentin pre-treatment with a casein
phosphopeptide-amorphous calcium phosphate (CPP-ACP) paste on dentin bond strength in
tridimensional cavities. Acta Odontol. Scand71
https://doi.org/10.3109/00016357.2012.671364

Brackett, M.G., Agee, K.A., Brackett, W.W., Key, W.O., Sabatini, C., Kato, M.T., Buzalaf,
M.A.R., Tjaderhane, L., Pashley, D.H., 2015. Effect of Sodium Fluoride on the endogenous
MMP Activity of Dentin Matrices. J. Nat. Sci. 1.

Brunton, P.A., Davies, R.P.W., Burke, J.L., Smith, A., Aggeli, A., Brookes, S.J., Kirkham, J.,
2013. Treatment of early caries lesions using biomimetic selfassembling peptdiescal
safety trial. Br. Dent. J. 215, Bbttps://doi.org/10.1038/sj.bd].2013.141

Cao, Y., Mei, M.L., Xu, J., Lo, E.C.M,, Li, Q., Chu, C.H., 2013. Biomimetic mineralisation
of phosphorylated dentine by CPP-ACP. J. Dent. 41-&1B.
https://doi.org/10.1016/j.jdent.2013.06.008

Ceballos, L., Camejo, D.G., Fuentes, M.V., Osorio, R., Toledano, M., Carvalho, R.M.,
Pashley, D.H., 2003. Microtensile bond strength of total-etch and self-etching adhesives to
caries-affected dentine. J. Dent. 31,460/ . https://doi.org/10.1016/S0300-5712(03)00088-
5

Ceci, M., Mirando, M., Beltrami, R., Chiesa, M., Colombo, M., Poggio, C., 2016. Effect of
self assembling peptide P14 on enamel erosion: AFM and SEM studies. Scanning 38,
344-351.

Correa, B.C., Galo, R., Scatena, C., Borsatto, M.C., Spazzin, A.O., Corona, S.A.M.,
Galafassi, D., 2016. Effect of Metalloproteinase Inhibitors on the Microtensile Bond Strength
of Composite Resin to Er: YAG Laser-Irradiated Dentin. Braz. Dent. J. 274482

Davies, R.P.W., Aggeli, A., 2011. Self-assembly of amphiphilic beta-sheet peptide tapes
based on aliphatic side chains. J. Pept. Sci. 14110K https://doi.org/10.1002/psc.1335


https://doi.org/10.3290/j.jad.a34414
https://doi.org/10.1038/sj.bdj.2013.741

de-Melo, M.A.S., Goes, D. da C., De-Moraes, M.D.R., Santiago, S.L., Rodrigues, L.K.A.,
2013. Effect of chlorhexidine on the bond strength of a self-etch adhesive system to sound
and demineralized dentin. Braz. Oral Res. 27;-248https://doi.org/10.1590/S1806-
83242013005000008

de Carvalho, F.G., de Fucio, S.B.P., Sinhoreti, M.A.C., Correr-Sobrinho, L., Puppin-
Rontani, R.M., 2008. Confocal laser scanning microscopic analysis of the depth of dentin
caries-like lesions in primary and permanent teeth. Braz. Dent. J. 191439
https://doi.org/10.1590/S0103-64402008000200010

Fusayama, T., 1979. Two layers of carious dentin; diagnosis and treatment. Oper. Dent.4, 63
70.

Giannini, M., Makishi, P., Almeida Ayres, A.P., Moreira Vermelho, P., Marin Fronza, B.,
Nikaido, T., Tagami, J., 2015. Self-Etch Adhesive Systems: A Literature Review. Braz. Dent.
J. 26, 310. https://doi.org/10.1590/0103-6440201302442

Gupta, R., Prakash, V., 2011. CPP-ACP complex as a new adjunctive agent for
remineralisation: a review. Oral Health Prev. Dent. 9-165.

Itota, T., Torii, Y., Nakabo, S., Yoshiyama, M., 2002. Effect of fluoride application on tensile
bond strength of self-etching adhesive systems to demineralized dentin. J. Prosthet. Dent. 88,
503-510.

Jablonski-Momeni, A., Heinzel-Gutenbrunner, M., 2014. Efficacy of the selfassembling
peptide R1-4 in constructing a remineralization scaffold on artificially-induced enamel
lesions on smooth surfaces. J. Orofac. Orthop. Der Kieferorthopadie 73,9075

Kind, L., Stevanovic, S., Wulttig, S., Wimberger, S., Hofer, J., Miller, B., Pieles, U., 2017.
Biomimetic remineralization of carious lesions by self-assembling peptide. J. Dent. Res.
22034517698419.

Kirkham, J., Firth, a, Vernals, D., Boden, N., Robinson, C., Shore, R.C., Brookes, S.J.,
Aggeli, a, 2007. Self-assembling peptide scaffolds promote enamel remineralization. J. Dent.
Res. 86, 426430. https://doi.org/10.1177/154405910708600507

Kyle, S., Aggeli, A., Ingham, E., McPherson, M.J., 2010. Recombinant self-assembling
peptides as biomaterials for tissue engineering. Biomaterials 31, %8%n

Lenzi, T.L., Tedesco, T.K., Calvo, A.F., Ricci, H.A., Hebling, J., Raggio, D.P., 2015. Does
the method of caries induction influence the bond strength to dentin of primary teeth. J Adhes
Dent 16, 333338.

Liu, Y., Tjaderhane, L., Breschi, L., Mazzoni, A., Li, N., Mao, J., Pashley, D.H., Tay, F.R.,
2011. Limitations in bonding to dentin and experimental strategies to prevent bond
degradation. J. Dent. Res. 90, 9988. https://doi.org/10.1177/0022034510391799



Marshall, G.W.J., Marshall, S.J., Kinney, J.H., Balooch, M., 1997. The dentin substrate:
structure and properties related to bonding. J. Dent. 254581
https://doi.org/10.1016/S0300-5712(96)00065-6

Mukai, Y., ten Cate, J.M., 2002. Remineralization of advanced root dentin lesions in
vitro. Caries Res. 36, 2780. https://doi.org/63924

Mufoz, M. a, Luque-Martinez, I., Malaquias, P., Hass, V., Reis, a, Campanha, N.H.,
Loguercio, a D., 2015. In vitro longevity of bonding properties of universal
adhesives to dentin. Oper. Dent. 40,-Z82 https://doi.org/10.2341/14-055-L

Niu, L.N., Zhang, W., Pashley, D.H., Breschi, L., Mao, J., Chen, J.H., Tay, F.R., 2014.
Biomimetic remineralization of dentin. Dent. Mater. 30,9G.
[https://doi.org/10.1016/j.dental.2013.07.013

Pacheco, L.F., Banzi, E.C. de F., Rodrigues, E., Soares, L.E.S., Pascon, F.M., Correr-
Sobrinho, L., Puppin-Rontani, R.M., 2013. Molecular and structural evaluation of
dentin caries-like lesions produced by different artificial models. Braz. Dent. J. 24,
610-8. https://doi.org/10.1590/0103-6440201302357

Pashley, D.H., Tay, F.R., Breschi, L., Tjaderhane, L., Carvalho, R.M., Carrilho, M.,
Tezvergil-Mutluay, A., 2011. State of the art etch-and-rinse adhesives. Dent.
Mater. 27, 116.

Pereira, P.N.R., Nunes, M.F., Miguez, P. a, Swift, E.J., 2006. Bond strengths of a 1-step
self-etching system to caries-affected and normal dentin. Oper. Dent. 381677
https://doi.org/10.2341/05-131

Pinna, R., Maioli, M., Eramo, S., Mura, ., Milia, E., 2015. Carious affected dentine: its
behaviour in adhesive bonding. Aust. Dent. J. 60-298.

Prabhakar, A.R., Manojkumar, A.J., Basappa, N., 2013. In vitro remineralization of enamel
subsurface lesions and assessment of dentine tubule occlusion from NaF dentifrices with and
without calcium. J. Indian Soc. Pedod. Prev. Dent. 31, 29.

Rabhiotis, C., Vougiouklakis, G., 2007. Effect of a CPP-ACP agent on the demineralization
and remineralization of dentine in vitro. J. Dent. 35,-@5
https://doi.org/10.1016/j.jdent.2007.05.008

Reynolds, E.C., 2008. Calcium phosph#kesed remineralization systems: scientific
evidence? Aust. Dent. J. 53, 2@93.

Sacramento, P.A., de Castilho, A.R.F., Banzi, E.C.F., Puppi-Rontani, R.M., 2012.
Influence of cavity disinfectant and adhesive systems on the bonding procedure in
demineralized dentin-a one-year in vitro evaluation. J. Adhes. Dent.

Sattabanasuk, V., Burrow, M.F., Shimada, Y., Tagami, J., 2014. Bonding of resin luting
cements to dentine after casein phosphopegtiderphous calcium phosphate (CREP)
treatment. Int. J. Adhes. Adhes. 54;-93.


https://doi.org/10.1016/j.dental.2013.07.013

Shibata, S., VIEIRA, L.C.C., Baratieri, L.N., Fu, J., Hoshika, S., Matsuda, Y., Sano, H.,
2016. Evaluation of microtensile bond strength of self-etching adhesives oal aoan
caries-affected dentin. Dent. Mater. J. 35,-11663.

Silvertown, J.D., Wong, B.P.Y., Sivagurunathan, K.S., Abrams, S.H., Kirkham, J., Amaechi,
B.T., 2017. Remineralization of natural early caries lesions in vitrafpylPnonitored with
photothermal radiometry and luminescence. J. Investig. Clin. Dent.

Soares, R., De Ataide, I.D.N., Fernandes, M., Lambor, R., 2017. Assessment of Enamel
Remineralisation After Treatment with Four Different Remineralising Agents: A Scanning
Electron Microscopy (SEM) Study. J. Clin. diagnostic Res. JCDR 11,ZC136.

Tjaderhane, L., Nascimento, F.D., Breschi, L., Mazzoni, A., Tersariol, I.L.S., Geraldeli,
S., Tezvergil-Mutluay, A., Carrilho, M., Carvalho, R.M., Tay, F.R., Pashley, D.H.,
2013. Strategies to prevent hydrolytic degradation of the hybrid layer - A review.

Dent. Mater. https://doi.org/10.1016/j.dental.2013.07.016

Toledano, M., Cabello, 1., Vilchez, M.A.C., Fernandez, M.A., Osorio, R., 2014. Surface
microanalysis and chemical imaging of early dentin remineralization. Microsc.
Microanal. 20, 24556. https://doi.org/10.1017/S1431927613013639

Ururahy, M.S., Curylofo-Zotti, F.A., Galo, R., Nogueira, L.F.B., Ramos, A.P., Corona,
S.A.M., 2017. Wettability and surface morphology of eroded dentin treated with
chitosan. Arch. Oral Biol. 75, 683.
https://doi.org/10.1016/J.ARCHORALBIO.2016.11.017

Yoshiyama, M., Tay, F.R., Doi, J., Nishitani, Y., Yamada, T., ltou, K., Carvalho, R.M.,
Nakajima, M., Pashley, D.H., 2002. Bonding of s#tfh and total-etch adhesives

to carious dentin. J. Dent. Res. 81, S560.
https://doi.org/10.1177/154405910208100811

Zancopé, B.R., Rodrigues, L.P., Parisotto, T.M., Steiner-Oliveira, C., Rodrigues,
L.K.A., Nobre-dos-Santos, M., 2016. COZ2laser irradiation enhances
CaF2formation and inhibits lesion progression on demineralized dental erammel
vitro study. Lasers Med. Sci. 31, 5317. https://doi.org/10.1007/s10103-016-
1900-4

Zhong, B., Peng, C., Wang, G., Tian, L., Cai, Q., Cui, F., 2015. Contemporary research
findings on dentine remineralization. J. Tissue Eng. Regen. Med. 9;1M1E!






Figure 1

<]

gandomized Dentin Suface Morphology (n=3)

= ;

~ & CSE (n=6)
SD (n=21) .

(Negative Control)
= . B (n=3)

Analysis of Bonded Interface { & »
i h CSE (n=3)

. . Microtensile Bond Strength { ' S8{n=6)

0D (n=21)

(Positive Control)

]
al ) — &~/ N l
| e S
‘\"8 _’, DD NaF =2l All groups were subjected to following analysis:
105 Dentin 1. Dentin surface morphology - SEM
Human Third Molars (N=105) Surfaces I<=>) 2. ';Ir;vac"l:lssllre"z:::i 'stsr:hr/'lg‘h
Y == 4. Resin-&enﬁn bonded interface - SEM
DD + Ml Paste™ (n=21)

=

DD+ Curc;gc;r{t“ Repair (n=21)

Representation of the experimental design used in this study. Dentin
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Figure 2
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Representative SEM micrographs of specimens. Dentin Surface Features -
Magnification micrograph (A~3000) - Sound Dentin (SD) without treatment (positive
control) (Al); Demineralized dentin (DD) without treatment (negative control) (B1);
Demineralized dentin treated with NaF (DD + NaF) (C1); Demineralized dentin treated
with CPP-ACP containing Ml Pasté (DD + CPP-ACP (D1); and Demineralized

dentin treated with 2.4 containing in Curodont™ Repair (DD + P11-4) (E1). Failure

Mode (A2, A4, B2, B4, C2, C4, D2, D4, E2 and E#)agnification micrograph

(A~150): Cohesive failure on composite observed on SD (positive control) bonded with
both adhesive systems (A2 and A4). Adhesive failure observed in the DD group
(negative control) (B2 and B4). DD + NaF showed mixed failure (C2) and (C4). Mixed
failure was often observed for DD + CRAR:P bonded with Adper™ Single Bond 2

(D2); cohesive failure on dentin observed by DD + CRR bonded with Clearfil™

SE Bond (D4). Mixed failure observed by DD #1R bonded with Adper™ Single



Bond 2 (E2). Adhesive failure observed by DDrt-#bonded with Clearfil™ SE Bond
(D4). Adper™ Single Bond 2 Bonded Interfaces: Magnification micrograph (A~1500)
resin/dentin interface creategt Adper™ Single Bond 2 for the SD (A3); DD (B3); DD

+ NaF (C3); DD + CPP-ACP (D3); and DD +1# (E3).Clearfil SE™ Bond Bonded
Interfaces: Magnification micrograph (A~1500) resin/dentin interface created by
Clearfil™ SE Bond for SD (A5); DD (B5); DD + NaF (C5); DD + CPP-ACP (D5); and
DD + P14 (E5). Co- Composite; Ad- Adhesive; De- Dentin; Pointer Tags; IDe-
Intertubular dentin; Circule Dentinal Tubule; and Asteriskmineral content from Ml
Pasté&M incorporated to resin tags.



Figure 3
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Materials

Main componentes

Batch number

Application mode

(manufactures)
0.2% NaF Solution 0.2g of NaF in 100 ml deionized water Made in Lab* 1. Apply 1.0 mL of 0.2% NaF Solution
1. Apply 0.1mL of Ca* and PQ°®
i+ 3 H 4 i+ 3 H
Ca™ and PQ@* Solution Saturated solutionf Ca™ and PQ Made in Lab Solution
MI Paste™ - GC Internacional, ltabashi-
o . Glycerol, CPP-ACP, D-Sorbitol, Propylene glycoltaFiium dioxide and silicon N1007231 1. Apply 0.1mL of MI Paste™
ku, Téquio, Japéo
1. Apply 50uL of Curodont™ Repair for 5
Curodont™™ Repair - Credentis AG, Pu.4 peptid [ id (Ace-GIn-Glng-Phe-Glu-Trp-Glu-Phe-Glu-GIn-GIn-NH2) ~ N203X e
4 peptide- amino acid sequence - (Ace-GIn- -Phe-Glu-Trp-Glu-Phe-Glu-GIn-GlIn- .
Dorfstrasse, Windisch, Switzerland ud pep a P 2. Apply 0.1 mL of Ca® and PQ®
Solution
Scotchbond™ Universal Etchant - 3M 32 % phosphori id N377 1. Apply etchant for 15 s
% phosphoric aci .
ESPE; St Paul, MN, USA phosp 2. Rinsefor 10 s
Blot excess water
HEMA, water, etanol, Bis-GMA, dimethacrylates, amines, urgtate functional copolymer of 4. Apply 2 consecutive coats of adhesi
Adper™ Single Bond 2 — 3M ESPE, St . . . . . . ; . for 15 s with il itati
polyacrylic and polyitaconic acids, 10% by weight ®fnanometer-diameter spherical silic =~ N429952 or 15 s with gentle agitaton
Paul, MN, USA particles 5. Gentlyairdryfor5s
6. Light-cure for 10 s
. o ) . 3. Blot excesso water
Primer: Water, MDP, HEMA, hydrophilic dimethacrylates, campiguinone. Primer: ) )
Clearfil™ SE Bond - KURARAY o0s61a ¥ Apply primer for 15 s with gentle
Medical INC, 1621, Sakazu, Kurashiki, agitation for 20 s
Okayama, Japan Bond: MDP, Bis-GMA, HEMA, camphoroquinone hydrophilic dithacrylates, N/N-diethanol Bond: 5. Gently air dry
p-toluidine, colloidal silica. 01262A Apply adhesive and gently air dry
i Incremental insertion 2mm
Filtek™ Z350 XT - 3M ESPE, St Paul, BIS-GMA, Bis-EMA, UDMA, TEG-DMA, camphorquinone, non-gigmerated silica N379474

MN, USA

nanopatrticles

Light-cure for 20 s

*Pediatric Dentistry Laboratory

Materials, manufactures, components, batch numbers and application mode of tested

materials.



Table 2

Adhesive Systems
Groups
Adper™ Single Bond 2 (SB) Clearfil™ SE Bond (CSE)

SD 40.85 + 5.99" 32.95 + 7.41

DD 26.38+£8.64Ca* 25.38 £8.58 Ca*
DD + NaF 33.43+10.41Ba* 35.59 +9.18 Ba

DD + CPP-ACP 4525 +8.82 Aa * 48.11 +11.71 Aa*
DD + Pu-4 46.42 +12.03 Aa * 25.70 £8.95Ch *

SB: Adper™ Single Bond 2, CSE: Clearfil™ SE Bond. Different capital letters indicate statistically differences between values in the same column. Different
small letters indicate significant differences between values in the same row (Factorial ANOVA; Tukey’s test). * indicates a significant difference between the
sound dentin and demineralized/treated groups (p<0.05) by additional Dunnett’s test. a indicates significant differences between the adhesive systems for

sound dentin by the unpaired test t (p=0.001).

Mean and Standard Deviation of uTBS (MPa) regarding the remineralizing
treatment and adhesive system.



Table 3

Dentin Substrate Without Etching With Etching
SD 67.1 £6.36 44.9+3.01

DD 85.8t4.46 Aa* 55.4+6.85 Ab*

DD + NaF 78.269.2 Aa* 52.8:3.16 Ab*

DD + CPP-ACP 36.1+6.7 Ca* 34.4:3.82Ca*

DD + Pu-4 67.8:5.55Ba 44.53.34Bb

Different small letters in rows indicate significant diffaces by t-test (p<0.001); Different capital lettersalumn indicate
significant difference on average by ANOVA and Tukests (p<0.05). * indicate significant difference betweontrol (DH)
by Dunnett test (p<0.05¢. indicates significant differences between the adhesive systems for sound dentin by the unpaired test

t (p=0.001).

Means and standard deviation of contact angle (grade) between water drop and
dentin substrate.



