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Abstract

Objective: Evaluate, in vitro, the bond strength of conventional adhesive systems to the deproteinized human dentin substrate.

Materials and Methods: 12 healthy human molars were subdivided randomly into 6 groups. Phosphoric acid was applied in the
positive control groups (G1, G3, G5) and the adhesive systems All Bond 3 - AB3 (Bisco), All Bond 2 - AB2 (Bisco) and Adper Scotch-
bond Multi-Purpose - ASBMP (3M / ESPE), respectively. The negative control groups (G2, G4 and G6) were demineralized and depro-
teinized with Sodium Hypochlorite 10% for 01 minute and then the adhesive AB3, ASBMP and AB2 were applied, respectively. The
mechanical microtensile test was performed in a Universal testing machine (KRATOS) at a test speed of 0.5 mm/min, followed by
the evaluation of the dentin surface on Scanning Electron Microscope (SEM). The results were analyzed statistically by ANOVA and
Tukey test (p < 0.05).

Results: The average bond strength ranged from 3.43 MPa to 12.18 + 33.63 + 10.53 MPa, being higher for the G5 (33.63 + 10.53
MPa), followed by G2 (32 53 + 11.90 MPa) and G4 (31.74 + 11.39 MPa), one may verify that there was statistical difference between
the groups.

Conclusion: The adhesive system All Bond 3 (Bisco) established higher values of bond strength after performing deproteinization.

The use of deproteinizing agents changed ultra-morphology and chemical composition of the dentin substrate.
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Abbreviations

uTBS: Microtensile Bond Strength; NaClO: Sodium Hypochlorite; AB2: All Bond 2; AB3: All Bond 3; ASBMP: Adper Scotchbond Multi-
Purpose; ICF: Informed Consent Form; ISO: International Organization for Standardization; SEM: Scanning Electron Microscope.

Introduction

The constant studies on dentin bond strength have been justified by variations of this substrate and the search for techniques that
clinically ensure the stability of the adhesive bond, without injury to underlying structures, providing the longevity of the restorative

procedure [1].

There is evidence that the primer and the adhesive cannot penetrate fully into the collagen layer of the demineralized dentin. The

discrepancy between the depth of the demineralized dentin with the resin infiltration allows the formation of micropores under or within
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the hybrid layer, which can be detected with silver nitrate [2] and become a pathway for the degradation of collagen fibers and resin po-

lymerized [3,4].

The combined of the resin and the dentin collagen degradation may increase the water content in the adhesive interface, compromis-

ing the longevity of the bond. In fact, the water has been referred to as the major cause of collagen degradation [1,5,6].

The deproteinization transforms the rich-collagen demineralized dentin in a porous structure with multiple irregularities (secondary
tubules and anastomosis) on the peri and intertubular dentin. The diameter of the tubule deproteinized substrate becomes greater and

has the funnelled configuration [7], which may promote an increase in the bond strength values of the adhesive system applied over it [8].

In vitro studies have recommended the use of sodium hypochlorite [9] in order to remove the collagen network, exposed by acid etch-
ing [10], and allow that the resin penetrate into the spaces previously occupied by these fibers. Although the effects of the deproteinized
agents on dentin bond strength/resin have been evaluated, little is known about the effects of such solutions on the mechanical properties
of the dentin substrate [11].

The deproteinization, after acid etching, can generate the formation of “reverse hybrid layer”, responsible for resin micro-retaining
[12], contributing to the achievement of a differentiated dentin substrate, with similar characteristics to the dental enamel, due to the
high content of apatite [13].

It is suspected that the use of sodium hypochlorite (NaOCl) is one of the possible strategies for the dentin bonding improvement [14],
since the removal of collagen fibers increase the adhesive bond strength [15], due to the increased wetting ability [16]. It results in a more
reactive surface, since the hydroxyapatite is a high surface energy substrate, which does not happen with a high collagen content substrate
[17].

Some authors have reported that the deproteinized dentin seems to be more compatible with the hydrophobic adhesives [18-21],
they also reinforce that the high bond strength values are in dependence on this type of adhesive solvent. The acetone containing systems
would produce higher bond strength values when the NaOCl is used after acid etching, suggesting that the adhesive interacts strongly with

the surface containing a high mineral content [22].

For these reasons, this study aimed to evaluate in vitro the bond strength of conventional adhesive systems to the deproteinized dentin

substrate using microtensile test, followed by assessment of the dentin surface by Scanning Electron Microscopy - SEM.

Materials and Methods

In this study we used 03 conventional adhesives (All Bond 2 [AB2] All Bond and 3 [AB3] - Bisco; Adper Scotchbond Multi-Purpose
[ASBMP] - 3M/ESPE). This study was approved by the Research Ethics Committee of the State University of Paraiba (under the registra-
tion number CAAE 0275.0.133.000-08). 12 healthy human third molars were used, extracted by therapeutic indication after signing of the

informed consent form (ICF).

The dental elements were divided into three groups with six subgroups, according to the type of adhesive system and surface treat-

ment used, as follows:

Preparation of the specimens

The occlusal enamel was completely removed using a diamond blade in low rotating speed (200 rpm) with constant irrigation, to
expose the outer dentin (ISO/TS 11405).

Dental elements were divided into six subgroups, according to the type of adhesive system, surface treatment and application time.
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The dentin surface was abraded with silicon carbide sandpaper with decreasing granulations 180, 240, 320 and 600 in order to pro-
duce a standardized smear layer (Pashley, et al. 1988).

Restorative procedure

The positive control group received conventional treatment surface, through demineralization, application of the adhesive system and
restorative procedure, following the rules of each manufacturer. The surface treatment of the experimental groups consisted of deminer-
alization with 37% phosphoric acid, followed by deproteinization with 10% sodium hypochlorite for 1 minute. After applying the adhe-
sive systems, the blocks with composite resin (Filtek Z350 - 3M/ESPE) were made on the dentin surface according to the manufacturer’s

recommendations.

Microtensile bond strength (LTBS)

Then, the specimens were stored in distilled water (37°C) for 24 hours. They were then brought to a serial cutting machine to obtain
the specimens in the form of “sticks”, with transversal area to test for approximately 0.8 mm? + 0.2, thereafter they were adapted in the

universal testing machine (KRATOS K2000) and subjected at a speed of 0.5 mm/min.

Statistical Analysis

The results were subjected to analysis of variance - ANOVA with significance level of 5% (p < 0.05).

SEM Analysis

To perform the scanning electron microscopy, the specimens were immersed in 2.5% glutaraldehyde (Type I) in 0.1M Sodium Phos-
phate Buffer pH 7.2 for 12h at 4°C. After fixation, they were washed with 15 ml of 0.2M Sodium Phosphate Buffer pH 7.2 for one hour in 3
baths of 20 minutes each and subsequently, dehydrated in acetone ascending concentrations of 25%, 50% and 75% for 20 minutes each,
95% for 30 minutes and 100% for 60 minutes.

After plating, the samples were viewed by scanning electron microscopy (Quanta 200F - FEI Company) with the voltage acceleration

of 10KV, under increased 570 - 8000 times under high vacuum, environmental mode, using the secondary electron imaging technique.

The data were analyzed using the statistical software SPSS (Statistical Package for Social Science) version 13.0, the significance level

used in the decision of the statistical tests was 5.0%.

Adhesive system Deproteinizing agent

All Bond 3 No deproteinizing (G1)
10% NaOCl 60s (G2)

All Bond 2 No deproteinizing (G3)

10% NaOCl 60s (G4)
Adper Scotchbond Multi-Purpose | No deproteinizing (G5)
10% NaOCl 60s (G6)

Table 1: Adhesive systems and groups No deproteinizing and
agent deproteinizing (NaOCIl 10%).

Results and Discussion

In table 2, the comparative results of the microtensile bond strength are shown, between : the adhesives for each condition of the

deproteinizing agent.
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Deproteinizing All Bond 3 All Bond 2 ASBMP p value
Agent Average + SD | Average + SD | Average + SD
Without NaOCl 10% | 22.56+7.41 12.18 +3.43 | 33.63£10.53 p®0.001*
10% NaOCl 32.53+11.90 | 31.74+11.39 | 21.41+7,53 | p®¥=0.005*

Table 2: Microtensile bond strength (uTBS) values (means * standard deviations) of the

experimental groups, according to deproteinizing agent, antioxidant and adhesive system.

After analysis of scanning electron microscopy, the presence of smear layer obliterating the dentinal tubules after the polishing of

healthy tooth specimens can be visualised (Figure 1).

Figure 1: a) Dentin substrate smear layer; b) Obliterated dentinal tubules.

The process of dentin demineralization favoured the opening of its tubules, through the removal of the smear layer and smear plugs,

it also created microporosity in the intertubular dentin and exposed its collagen fibers (Figure 2).

d b

Figure 2: a) Demineralized dentin substrate with 37% phosphoric acid; b) Open
dentinal tubules.

After hybridization with the adhesive system All Bond 3, it was observed the presence of failure in the bonding interface, achieving this

interface a thickness of 27.48 uM, where there was a formation of hybrid layer (Figure 3 and 4).
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Figure 3: Bonding interface thickness of the adhesive system
AB3 applied on the demineralized dentin substrate.

Figure 4: Bonding interface of the adhesive system AB3

applied on the demineralized dentin substrate.

The formation of the hybrid layer of the All Bond 2 was also visualised, reaching a thickness of 260.65 uM, probably due the application

of 5 layers of the adhesive system as recommendation of the manufacturer (Figure 5 and 6).

&
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Figure 5: Bonding interface thickness of the adhesive system
AB2 applied on the demineralized dentin substrate.
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Figure 6: Bonding interface of the adhesive system AB2

applied on the demineralized dentin substrate.

The adhesive system Adper Scotchbond Multi-Purpose provided the formation of the hybrid layer having an adhesive interface 117.59
um and it was possible to observe the presence of collagen fibers on this substrate (Figure 7 and 8).

Figure 7: Bonding interface thickness of the adhesive system ASBMP

applied on the demineralized dentin substrate.

Figure 8: Bonding interface of the adhesive system ASBMP applied
on the demineralized dentin substrate.
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Followed by the deproteinization procedure, it was visualised the increasing of the dentinal tubules diameter, similar to a funnel, the
microporosities, the presence of secondary tubules, anastomosis, however, it was possible to observe that there was a partial removal of

the collagen fibers in the intertubular dentin (Figure 9).

Figure 9: a) Deproteinized dentin substrate with 10% sodium hypochlorite; b)
Tapered dentinal tubules.

After deproteinization, there was an increase in the thickness of the adhesive interface of the adhesive system All Bond 3, a better

interlocking of resin tags and absence of the hybrid layer (Figure 10 and 11).

Figure 10: Bonding interface thickness of the adhesive system.

Figure 11: Bonding interface of the adhesive system AB3 applied on the

demineralized dentin substrate.
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The deproteinization favoured the formation of a adhesive interface with 129.47 pm of the adhesive system All Bond 2 (Figure 12).

Figure 12: Bonding interface thickness of the adhesive system AB2 applied on
the demineralized dentin substrate.

It was observed the presence of a gap with rupture of tags in the adhesive interface and absence of the hybrid layer (Figure 13).

a b

Figure 13: Bonding interface of the adhesive system ABZ2 applied on the
deproteinized dentin substrate; b) Gap on bond interface.

However, it was noticed a decrease of the thickness and mechanical interlocking of the tags in the dentinal tubules after the removal
of collagen and application of the adhesive system Adper Scotchbond Multi-Purpose (Figure 14).

Figure 14: Bonding interface of the adhesive system ASBMP applied on the

deproteinized dentin substrate.
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Organic solvents with high vapor pressure, such as acetone and ethanol, are used to carry monomers into intimate contact with the
dense filigree collagen fibers, resulting in a resin nanoflow within the spaces formed by the closeness of adjacent fibers [23] and this resin

interlacing with collagen and hydroxyapatite crystals have been termed hybrid layer or interdiffusion zone resin/dentin [24,25].

The dentine inherent histological characteristics, in addition to the difficulties of wet bonding technique, can lead to a incomplete pen-
etration of the adhesive in the plot of the demineralized collagen [26]. This failure could produce a weak and porous collagen demineral-
ized zone and not infiltrated by fluid resin [27]. The subsequent hydrolysis of this plot would lead to degradation of the bonding process,
resulting in strength decreased, as well as in an increased microleakage over time [28].

However, even in the absence of gaps in the restoration, found that silver ions could penetrate nano-sized spaces within the hybrid
layer [29], noting the inefficiency of the diffusion of resin monomers through the demineralized collagen network, this phenomenon they

termed nanoleakage, justifying the need of collagen removal with 10% sodium hypochlorite, which could prevent this phenomenon [30].

The proteolytic etching utilizes sodium hypochlorite to produce a higher porosity in demineralized dentin surface by increasing the
opening of the tubules [1], favouring better diffusion of monomers by increasing their permeability, roughness, wettability and exposure
of hydroxyapatite crystals, which could result in a long-term stable interface to be essentially mineral. Depending on the concentration,
time and manner of application, the hypochlorite may remove different quantities of collagen, being dependent on the active chlorine con-
centration and superoxide radicals, providing the appearance of different bond strength values, may be indifferent [8], high or decrease,

because the influence of this method on the resistance is dependent on the composition of each adhesive system.

To evaluate the bond strength was used the microtensile test, in which the samples used were prepared with an area of about 1 mm?,
which, theoretically, produces a more uniform distribution of stress and more accurate results than the tensile tests and shear, that have
utilised an area of 7 to 12 mm? [29]. A large variability in bond strength values could be attributed to the degree of knowledge and famil-
iarity of the different operators with the procedures and materials employed, due this, to find a statistical similarity of the bond strength
values of this study, the surface preparation and dentin bonding procedures were performed by a single operator, previously trained for

the use of all materials employed.

As for the influence of the adhesive systems used in deproteinization technical, the results of this study revealed a significant increase
in bond strength for the bonding systems All Bond 3 and All Bond 2 after deproteinization, although there was no difference between
them. The opposite occurred with the Adper Scotchbond Multi-Purpose adhesive, which could also be demonstrated by scanning electron
microscopy, because it was noticed the decrease of the resin tags after deproteinization, favouring a smaller mechanical interlock. With
regard to the morphology of the adhesive interface, it was observed different thicknesses, which are justified on account of various fac-
tors, such as, viscosity, presence or absence of charge in the adhesive system, the number of layers variation and application technique
according to each manufacturer. The adhesive system All Bond 3 application in a deproteinized dentin substrate increased the thickness
of the bonding interface from 27,48 to 38,34 um. For the All Bond 2 adhesive, was from 260.65 to 129.47, and in the ASBMP, there was a
range of 117.59 to 39.88.

By virtue of these findings, it was observed that the thickness of the bonding interface did not influence the bond strength values,
which disagreed [29,30] as the hybrid layer does not have to be thick to be resistant, but it must be continuous and uniform [31]. The
All Bond 2 provided the greater thickness, because the manufacturer recommends the application of 5 layers, however, reported that a
greater thickness of the hybrid layer contribute to greater nanoleakage, although [32] have affirmed that the application of NaOCl avoids

this phenomenon.

These variable results may be justified by the sodium hypochlorite be a non-specific proteolytic agent, which has the ability to re-
move the organic material at room temperature, and may even reach to changes in mineral content, by obtaining a differentiated dentin

substrate, high content of apatite, with high surface energy which makes it acquire a similar characteristic to the enamel promoting face-
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to-face contact between the adhesive and the dentin since collagen has been designated as a fragile component of the bonding interface,
can be hydrolyzed by bacteria or endogenous enzymes and have low surface energy which favours a greater contact angle of the adhesive

system [33].

In this study, it could be visualised by SEM that the process of dentin demineralization favoured the opening of its tubules, by remov-
ing the smear layer and smear plugs, also created micro-porosities in the intertubular dentin and exposed its collagen fibers. It was found
that after application of sodium hypochlorite, the ultramorphology of the demineralized dentin substrate changed, it was visualised the
increase on diameter of the dentinal tubules, resembling a funnel, the microporosity, presence of secondary tubules, anastomosis, due to

the loss of peritubular and reduce of intertubular dentin, which was also confirmed by [34].

However, the complete removal of the collagen fibers in the intratubular dentin could not be visualised, according to [35], since- said
that the total removal of collagen fibers occur only after the application of 12% NaOCl for 45 min, which is a clinically unacceptable time.
The dentin demineralization achieved by acid etching can leave residual apatite crystallites within the collagen matrix and a residual in-
trafibrillar mineral in the unchanged collagen fibers [36], suggesting that these minerals could have the role of protect the collagen fibers
during the deproteinization with NaOCl [37].

Found through micromorphological analysis that the adhesive bonding interface did not contain the hybrid layer after deproteiniza-
tion and showed numerous tags with few and shorts microtags [38]. In several areas between the tags were visualised projections similar
to fibers, which appeared to be mineralized collagen fibers that were incorporated by the adhesive system, and these findings were con-
firmed in this study when using the ASBMP.

The complete removal of the collagen fiber network should be achieved to obtain the advantages of the deproteinization technique.
Remnants of modified collagen fibers could lead to unexpected and deleterious effects on the interaction between the adhesive system
and the dentin substrate [39]. However, different results may be reported on different presentations of the hypochlorite, gel or solution,
passive or active application form, chloride share (solution age) and the substrate type (deep dentine with organic content), according,

and can also be said that the behavior of this technique is dependent of the adhesive.

In this study, it was used the 10% NaOCl solution instead of the gel, because although it offer ease of application, studies have shown
conflicting results when using the gel as reported high bond strength values to tensile [40], while [41] reported a progressive decrease
of these values through mechanical shear test, suggesting that when NaOCl gel is applied, the collagen fibers would not be completely re-
moved [3,8,19], which agreed to [3] which said that the NaOCl is unstable and the variation of their concentration in the gel could range re-
sults. However, different authors also argued that the effect of the deproteinization decrease the values of the bond strength resin-dentin
[11] due to reduction of mechanical properties of the infiltrated resin, the use of 5.25% NaOCl as irrigating solution in intracanal prepara-
tion associated with resin cements in the presence residual glycosaminoglycan components in the organic matrix, which are resistant to
hypochlorite, as well as in the disruption of the cross-linking of pyridinoline that occurs in type I collagen of the dentin, the formation of
chloramines and intermediate radicals derived from, because the presence of these residual reactive free radicals could compete with the
vinyl radicals generated in the photo-activation process of the bonding agent, resulting in premature failure of the chain termination and

incomplete polymerisation [42].

Before the divergences of results between authors, the behavior of the various adhesive systems on deproteinized dentin is still not
fully comprehended. In addition to a probable increase in of adhesive strength, the possibility of applying the adhesive in the dry dentin
substrate, facilitate the standardization of adhesion. This would suggest further comparative studies, in order to identify the real respon-

sible factor for the increase or decrease of the bond strength when the sodium hypochlorite is applied to dentin after his etching.

Conclusion

The influence of dentin treatment with NaOCI on the bond strength was dependent on the formulation of the adhesive system and
its interaction with the substrate. The deproteinization improved the bond strength of the adhesive systems All Bond 3, All Bond 2, and
interfered negatively on the Adper Scotchbond Multi-Purpose. We can conclude that the use of deproteinizing agents changed the ultra-

morphology and the chemical composition of the dentin substrate.
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