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�e objective of this work was to evaluate the e	ect of pretreatment with commercial sodium hypochlorite, 5.25%, with a self-etch
adhesive (Optibond Versa) in its original formula and with the incorporation of silver nanoparticles (NaAg) on �uorotic dentin.
240 human molars were classi�ed according to �uorosis severity with �ylstrup-Fejerskov Index (TFI) and subdivided into three
study subgroups according to the adhesive technique: (1) self-etch (SE) control subgroup; (2) NaOCl/SE subgroup; (3) NaOCl/SE
+ NaAg subgroup. �e nanostructural characteristics were observed by AFM, �TBS was tested, and hybrid layer formation was
observed by SEM. One-way analyses of variance (ANOVA) and Tukey-Kramer post hoc tests were used. No statistically signi�cant
di	erences were found in roughness values in any of the subgroups and subgroups studied. Remnants of smear layer were detected
in areas devoid of resin tags in SEM images of samples bondedwith subgroup 2, in contrast to subgroup 3. No statistically signi�cant
di	erence between any of the results was found in �TBS and a greater number of adhesive failures were observed.�e results show
that the pretreatment technique of 5.25% NaOCl and the incorporation of NaAg to the self-adhesive system do not produce a
surface more adequate for a better adhesion.

1. Introduction

Dental �uorosis is de�ned as a dental malformation, which is
believed to be caused by chronic ingestion of �uoride during
the dental formation [1, 2]. �e prevalence of dental �uorosis
(DF) can be as high as 80.9% in areas with �uoridated water
and up to 42% in areas without �uoridated water [3–5]. �e
�uorotic enamel is characterized by hypermineralized outer
surface and a subsurface hypomineralized. �e pores in the
enamel subsurface are occupied by water as well as proteins,

which are retained due to the e	ect of excessive levels of �uo-
ride on ameloblasts [6]. Mineralization patterns changes that
occur in the enamel are not con�rmed, while dentin patterns
clearly exhibit increasedmineralization. A�er the cessation of
enamel secretion, a substantial variation of mineral content
in dentin can be seen with occasional bands of interglobular
dentin [7, 8]. It has been reported that dentin with mild and
moderate �uorosis is signi�cantly more susceptible to tooth
decay, in contrast with mild and moderate enamel �uorosis
which ismore resistant to decay [9]. Adhesion success to hard
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tissues is a fundamental requirement prior to placement of
materials such as composites. �e dentinal adhesives have
evolved rapidly in recent years. �e self-etching system has
proven to be as e	ective as phosphoric acid when applied
to normal enamel and mild �uorosis, but less e	ective than
phosphoric acid when applied over moderate and severe
enamel [10]. However, studies on �uorotic dentin show the
opposite and it has been shown that self-etching systems
are more e	ective than phosphoric acid to be placed on
�uorotic dentin [11]. Attempting to improve the adhesive
and antibacterial properties of self-etching systems and in
order to prevent recurrence of cavities, it has been shown
that higher adhesion forces are achieved when pretreatment
of the dentine with sodium hypochlorite 5.25% commercial
type is carried out; it is believed that these results, thanks
to the generation of micro-roughness, are obtained on the
surface dentin due to the removal of protein; this process
called deproteinization has been indicated in teeth with
cavity lesions of varying length and depth, ful�lling the
function of adhesion promoter and acting as a bactericide and
bacteriostatic agent as well. However, these evaluations have
been carried out only on normal dentin but not on a	ected
dentinwith �uorosis. Also, several studies have demonstrated
the highly bactericidal e	ect of silver nanoparticles (NaAg)
on the main bacteria causing tooth decay. It has even been
shown that when added to �rst adhesive 4th generation,
bonding properties to the dentin are not a	ected [12–
15]. In our literature search, we found no studies where
the e	ect of the incorporation of NaAg to 5th-generation
self-etching primer on the mechanical properties, bonding,
nanostructure, bactericides and cytotoxicity of normal and
�uorotic dentin was analyzed. �erefore, the aim of this
study is to evaluate the e	ect of using commercial sodium
hypochlorite 5.25%prior to application of a two-step self-etch
adhesive in its original formula andwith the addition of silver
nanoparticles on the surface topography and microtensile
bond strength of �uorotic dentin.�e hypothesis to be tested
was as follows: the dentin pretreatment with 5.25% sodium
hypochlorite and the incorporation of NaAg to the self-
etching system improve the topography, mechanical, and
adhesive properties of the dentin a	ected by �uorosis.

2. Materials and Methods

2.1. Collection and Sample Preparation. Patients undergoing
premolar extractions at hospitals and private clinics for
periodontal and orthodontic reasons, aged between 19 and 32
years, were asked to donate their cavity-free extracted teeth.
An informed and voluntary written consent was obtained
from the subjects prior to clinical examination. Autonomous
University of San Luis Potosi Ethics Committee approved the
research project grant CEIFE-030-016. Molars were collected
from three di	erent locations: (1) Ciudad Valles (San Luis
Potośı, México), which has a water �uoride level between
0.1 and 0.6 ppm F; (2) San Luis Potosi City (San Luis
Potośı, México) with a natural �uoride level between 0.7
and 2 ppm F; and (3) Salitral de Carrera (San Luis Potośı,
México) with natural �uoride level between 2 and 5 ppm.
All samples were cleaned to remove remains of so� tissue,

tartar, and blood (Ultrasonic Scaler Varios 350 NSK, IL,
USA) and disinfected in an ultrasonic bath (BiosonicUC300-
115B, Colténe/Whaledent, OH, USA) with glutaraldehyde for
10 minutes, washed in running water, dried, and analyzed
through a stereomicroscope for �uorosis severity according
to the�ylstrup-Fejerskov Index (TFI). Two investigators did
the classi�cation, according to TFI, independently. TFI allows
correlation between the clinical appearance of DF and the
pathologic changes in human enamel and is normally the
index of choice for the evaluation of �uorosis severity. �e
selected molars were divided into four groups of 60 samples
each: control (C) group, the mild (Mi) group, the moderate
(Mo) group, and the severe (Se) group.

2.2. Synthesis of SilverNanoparticles and Incorporation into the
Adhesive System. NaAg with spherical shape (10.8 ± 1.6 nm)
was synthesized by a simple precipitationmethod as reported
by Espinosa-Cristóbal et al. [16]. Once synthesized, theNaAg,
still dispersed in water (1070.0 ppm), was incorporated into
the adhesive by means of mechanical mixing (stirring) in a
1 : 1 relation (�nal concentration of Nag: 535.0 ppm) with the
help of a disposable applicator.

2.3. Sample Preparation. All molars were stored for no more
than one month in 1.0% aqueous chloramine solution (Sigma
chemical, St. Louis, MO, USA) under cooling in distilled
water until experimental procedures were performed. �e
occlusal enamel and tooth root were removed to expose the
�at dentin surface; subsequently each occlusal surface was
sectioned parallel to the long axis of the tooth by means of
a water-cooled low-speed diamond saw (#7910, medium size
grain; Brasseler, Savannah,GA,USA) to obtain samples 3mm
in width.�e dentin samples were mounted in acrylic blocks.
�e dentin surface of the blocks was �attened under water
cooling using 600-grit SiC paper to produce a uniformdentin
smear layer. Dentin samples for each study group (� = 20
per group) were divided randomly into three subgroups for
three self-etch techniques: (1) self-etch adhesive (SE) control;
(2) pretreatment with 5.25% sodium hypochlorite + self-etch
adhesive (NaOCl/SE); (3) pretreatment with 5.25% sodium
hypochlorite + self-etch adhesive with NaAg incorporated
(NaOCl/SE + NaAg). In this study, the commercial self-
etch two-step adhesive (Optibond Versa, Kerr) was used
for the adhesion technique; Table 1 shows its composition
and manufacturer’s instructions. Table 2 shows the adhesion
techniques used for each of the study subgroups.

2.4. Atomic Force Microscopy (AFM). We followed the meth-
ods of Zavala-Alonso et al., 2011 [17]. All samples were
evaluated at the same scan size (50 × 49.5mm2) by triplicate
in di	erent areas, all of them selected at random, and a
mean value was obtained for each sample. �e evaluations
of dentin roughness and depth, diameter, and amount of
dentinal tubule ori�cewere carried out usingAFM (Nanosurf
Easy Scan 2, SPMElectronics, Liestal, Switzerland) in contact
mode with a silicon nitride (SiN) scanning rate of 49.5 �m/s.
�e values used for the short cantilever were as follows:
spring constant 0.1 N/m; resonant frequency 28 kHz; length
225�m; mean width 28 �m; thickness 1 �m; tip height 14 �m;
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Table 1: Optibond Versa material composition and manufacturer’s instructions.

Material composition

Primer

Monomers: glycerol phosphate dimethacrylate (GPDM) self-etching adhesive monomer.

Hydrophilic comonomers including mono- and difunctional methacrylate monomers.

Solvents: water, acetone, and ethyl alcohol.

Photoinitiator: camphorquinone (CQ) based.

Adhesive

Monomers: hydrophobic, structural, and cross-linking monomers.

Solvents: ethyl alcohol.

Photoinitiator: camphorquinone (CQ) based.

Fillers: 0.4-micron barium glass nanosilica.

Fluoride: sodium hexa�uorosilicate.

Manufacturer’s instructions

Bottle delivery: shake Optibond Versa ADHESIVE bottle brie�y prior to dispensing. Dispense 1-2 drops of Optibond Versa PRIMER and
Optibond Versa ADHESIVE into two separate clean wells. Replace cap immediately a�er dispensing. Wet applicator tip completely.

Indications for use

Direct bonding applications

(1) Prepare cavity. Pumice clean unprepared tooth structure with a �uoride-free cleaning paste; rinse thoroughly with water spray and
air dry.

(2) Apply Optibond Versa PRIMER to the dentin surface using the disposable applicator brush. Scrub the surface with a brushing
motion for 20 seconds.

(3) Air-thin for 5 seconds with medium air pressure.

(4) Shake Optibond Versa ADHESIVE bottle brie�y. Apply Optibond Versa ADHESIVE to the dentin surface with light brushing
motion for 15 seconds.

(5) Air-thin for 5 seconds.

(6) Light-cure for 10 seconds.

(7) Apply composite according to manufacturer’s instructions for use.

Table 2: Adhesion techniques for each study subgroup.

(1) Subgroup
SE (control)

Primer of adhesive system Optibond Versa (SE) was applied with microbrush rubbing the surface of the dentin
for 20 seconds as indicated by the manufacturer’s instructions.

(2) Subgroup
NaOCl/SE

5.25% NaOCl to dentine surface was applied, rubbing for one minute, and then dried with absorbent paper and
SE was applied for 20 seconds as explained above.

(3) Subgroup
NaOCl/SE + NaAg

Dentine surface with 5.25% NaOCl rubbing for one minute and then drying with absorbent paper. Placed on a
tray 5 �L of SE and 5 �L silver nanoparticle solution were added 0.1% (Mart́ınez-Castañon, 2008); the mixture

was brought to the dentin surface by rubbing with a microbrush for 20 seconds.

and radius <10 nm. A calibration grid of silicon oxide on a
silicon substrate (Nanosurf AG, CH-4410, SPM Electronics,
Liestal, Switzerland) with �� periodicity of 10 �m and a
� height of 119 nm was used to calibrate the instrument
before the evaluation. �e dentin surface roughness (DSR)
was quanti�ed using �a and �t parameters. �a (roughness
average) represents the arithmetical mean of the absolute
values of the scanned surface pro�le. �t represents the
diameter of dentinal tubule ori�ce. �t was measured by
Nanosurf Easy Scan 2 so�ware. Six dentinal tubules ori�ces
were located for each sample, each diameter was measured
in �m, and the results are expressed by mean and standard
deviation for each experimental group.

2.5. Microtensile Bond Strength Test (�TBS). �e occlusal
enamel of the teeth was removed to expose the �at dentin
surface. For this test the teeth were divided into 3 groups,
healthy dentin,mild �uorosis dentine, andmoderate �uorosis
dentine. For each subgroup the study technique mentioned
above in Table 1 was applied. A�er the adhesive (Optibond
Versa, Kerr adhesive system) was applied with a disposable
applicator to all samples and the excess was removed with air
thinning for 5 secondswithmedium air pressure, then a light-
curing unit (Cromalux-E, Meca-Physik Dental Division;
Rastatt, Germany) was used for 20 sec with a light output

of 600mW/cm2; a 6mm high resin composite crown was
placed (Tetric�, Ivoclar Vivadent, NY, USA) for each tooth;
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four increments approximately 1.5mm thick were applied;
each increment was light cured for 40 sec.

A�er storing the specimens in water at 37∘C for 24 h, each
tooth was sectioned perpendicular to the bonded interface
to obtain beam-shaped strips with a surface area of 1.0 ±
0.2mm2. A total of 90 samples were obtained (30 per each
group); for this test the severe �uorosis group was excluded,
due to the absence of dental organs diagnosed with this
degree of �uorosis. Each specimen was carefully examined
under a stereomicroscope (SZ-PT Olympus, Tokyo, JAP) at
×10 and in order to eliminate stress concentrators, specimens
with irregular fracture path that propagated away from
the interface were discarded. Each specimen was attached
to a Universal Testing Machine (Advanced Force Gauge,
Mecmesin, West Sussex, UK) with a cyanoacrylate adhesive
(Zapit, DVA, Corona, CA, USA) and then subjected to
tensile forces at a crosshead speed of 1mm/min; values
were calculated in MPa. A�er that a stereomicroscope (SZ-
PT Olympus, Tokyo, JAP) was used to classify the failure
mode in one of the following categories: (a) adhesive if the
failure occurred entirely within the adhesive interfacial zone;
(b) cohesive if the failure occurred exclusively within the
composite or within the dentin; and (c) mixed if the failure
continued from the adhesive into either composite or dentin.

2.6. Scanning Electron Microscopy (SEM) Evaluation. Two
beam-shaped strips of each study technique (prepared as
described in Microtensile Bond Strength Test) were used for
this observation. Each specimen was polished using 600-
grit silicon carbide paper disks to produce smooth polished
surfaces. �e slab was held at the resin composite, etched
with 37% phosphoric acid gel for 15 sec, rinsed for 30 sec,
and dried with oil-free air with a knob. �e slabs were
immersed in 5.25% sodium hypochlorite solution for 20min,
washed thoroughly under running water for 5min, and then
immersed in ascending concentrations of ethanol (50%, 70%,
and 90%) for 20min each and 100% for 1 hr. �e samples
were �xed with double-faced stickers on the specimen holder
and gold sputtered (S150A sputter coater, Edwards; London,
UK) to render the samples electrically conducting, using a
very thin layer of gold. �e samples were examined using
SEM (JEOL JSM-6510 Tokyo, JAP), operated at 10 kv. �e
resin/dentin interface was examined at ×1500.

2.7. Statistical Analysis. All data is expressed by mean and
standard deviation. �e Shapiro-Wilks and Brown-Forsythe
methods were used to test the distribution of variables. One-
way analyses of variance (ANOVA) and Tukey-Kramer post
hoc tests were used to examine di	erences in roughness,
depth, diameter and quanti�cation of dentinal tubule ori�ces
(AFM), and tensile bond strength among the groups of
dentine and among the subgroups with adhesive system.
Chi-square analyses were performed to compare the failure
modes in the groups. Two-way ANOVA factorial analysis
was performed to compare the tensile bond strength in the
groups. �e JMP program, version 10.0 (SAS Institute, Cary,
NC, USA), and Stata version 11.0 (Stata Corp LP, College
Station, TX, USA) were used for statistics analysis. 	 < 0.05
was considered signi�cant.

3. Results

3.1. AFM Surface Characterization. AFM images for healthy
dentin surfaces are shown in Figures 1(a)–1(c). Figure 1(a) that
represents the control subgroup was the one observed with a
greater number of open dental tubules, followed by subgroup
3; subgroup 2 was the one observed with more obliterated
tubules. Figures 2(a)–2(c) illustrate a mild �uorosis dentin
surface treated with three study techniques.�e three images
are shown to be very similar although Figure 2(b) is probably
showing higher quality in the intertubular dentine. Fig-
ures 3(a)–3(c) illustrate a moderate �uorosis dentin surface
treated with three study techniques. Figure 3(c) showed
the largest number of open tubes followed by Figure 3(b)
and then Figure 3(a). Figures 4(a)–4(c) illustrates a severe
�uorosis dentin surface treated with three study techniques.
�e three �gures are very similar, showing a large number of
obliterated and elongated dentinal tubules.

3.2. Roughness, Depth, Diameter, and Amount of Dentinal
Tubules Parameters. Table 3 shows the mean roughness of
study groups a�er di	erent self-etching techniques; it is noted
that for the healthy group roughness decreases in subgroups
2 and 3 compared to control subgroup 1; the same trend is
observed in the severe group where the roughness decreased
in subgroup 3 with respect to the subgroup control. In the
other study groups is a trend to increased roughness of
subgroups 2 and 3 compared to control subgroup 1. However,
no signi�cant statistical di	erence was found.

Table 4 shows in all the study groups increased depth
in subgroups 2 and 3 in reference to control subgroup 1,
except for the healthy group subgroup 3, which decreases in
depth in reference to control subgroup 1, whichwas observed.
Statistically signi�cant di	erencewas found inmild subgroup
2 like moderate and severe subgroup 3 in reference to the
control subgroup.

In Table 5, it was found that there is, in all study groups,
a tendency to increase the diameter of the dentinal tubules in
subgroups 2 and 3 compared with control subgroup 1, except
for subgroup 2 healthy group where there was a decrease in
diameter; however, no signi�cant statistical di	erence was
found.

Table 6 shows the amounts of dentinal tubules found in an
area of 50 um2 a�er being treated with di	erent self-etching
techniques; it can be seen that in the mild, moderate, and
severe study groups there is a tendency to lower the amounts
of tubules in subgroups 2 and 3 in reference to control
subgroup 1, unlike the healthy study group in which an
increased amount of tubules was observed in subgroups 2 and
3 compared to control subgroup 1; however no statistically
signi�cant di	erence was found.

3.3. Microtensile Bond Strength (�TBS). �e results of the
microtensile bond strength test are summarized in Table 7
including means, standard deviations, and number of spec-
imens. �e �TBS in healthy subgroup 2 decreased and
subgroup 3 increased, both compared with control subgroup
1. Mild subgroups 2 and 3 decreased in �TBS compared
with control subgroup 1. For moderate subgroup 2 the �TBS
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Figure 1: AFM images for healthy dentin surfaces treatedwith the techniques: (a) self-etch primer (SE), (b) pretreatment sodiumhypochlorite
commercial and self-etch primer (NaOCl/SE), and (c) pretreatment sodium hypochlorite commercial and self-etch primer with silver
nanoparticles (NaOCl/SE + NaAg).

Table 3: Mean roughness (�
a
) of study groups a�er di	erent self-etching techniques.

Subgroups
(self-etching techniques)

Healthy Mild Moderate Severe

(1) Self-etch (SE) 390.83 ± 101.04 312.18 ± 100.69 296.14 ± 103.87 311.30 ± 105.23
(2) NaOCl/SE 376.64 ± 100.82 335.55 ± 100.11 320.57 ± 106.71 372.28 ± 105.54
(3) NaOCl/SE + NaAg 361.94 ± 100.53 369.63 ± 101.95 357.48 ± 104.24 286.57 ± 103.13
Results show means ± SD expressed in nanometers.

Table 4: Mean depth of study groups a�er di	erent self-etching techniques.

Subgroups
(self-etching techniques)

Healthy Mild Moderate Severe

(1) Self-etch (SE) −2.11 ± 0.71 −1.56 ± 0.61 −1.62 ± 0.47 −1.68 ± 0.59
(2) NaOCl/SE −2.41 ± 0.83 −2.04 ± 0.43∗ −2.01 ± 0.70 −2.04 ± 0.80
(3) NaOCl/SE + NaAg −2.06 ± 0.32 −1.96 ± 0.67 −2.03 ± 0.41∗ −2.70 ±−1.91∗

Results show means ± SD expressed in nanometers. An asterisk (∗) indicates a statistically signi�cant di	erence (� < 0.05) with control subgroup by using
ANOVA test.
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Figure 2: AFM images for mild �uorosis dentin surfaces treated with the techniques: (a) self-etch primer (SE), (b) pretreatment sodium
hypochlorite commercial and self-etch primer (NaOCl/SE), and (c) pretreatment sodium hypochlorite commercial and self-etch primer with
silver nanoparticles (NaOCl/SE + NaAg).

Table 5: Mean diameter of dentinal tubules (nm) of the study groups a�er di	erent self-etching techniques.

Subgroups
(self-etching techniques)

Healthy Mild Moderate Severe

(1) Self-etch (SE) 3.02 ± 0.58 2.83 ± 0.54 3.16 ± 0.78 3.10 ± 0.54
(2) NaOCl/SE 2.75 ± 0.71 3.17 ± 1.22 3.45 ± 0.86 3.33 ± 0.51
(3) NaOCl/SE + NaAg 3.28 ± 0.57 2.97 ± 0.57 3.42 ± 0.74 3.31 ± 0.95
Results show means ± SD expressed in nanometers.

Table 6: Mean amount of dentinal tubules of the study groups a�er di	erent self-etching techniques.

Subgroups
(self-etching techniques)

Healthy Mild Moderate Severe

(1) Self-etch (SE) 32.73 ± 28.41 57.11 ± 17.34 45.80 ± 17.53 31.10 ± 16.87
(2) NaOCl/SE 42.70 ± 24.29 49.01 ± 19.19 40.05 ± 25.86 16.43 ± 15.49
(3) NaOCl/SE + NaAg 41.25 ± 26.12 52.06 ± 19.49 31.03 ± 23.84 19.45 ± 18.82
Results show means ± SD expressed in amount in the area of 50 × 50 um.
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Figure 3: AFM images for moderate �uorosis dentin surfaces treated with the techniques: (a) self-etch primer (SE), (b) pretreatment sodium
hypochlorite commercial and self-etch primer (NaOCl/SE), and (c) pretreatment sodium hypochlorite commercial and self-etch primer with
silver nanoparticles (NaOCl/SE + NaAg).

Table 7: Mean microtensile bond strength (�TBS) of the study groups a�er di	erent self-etching techniques.

Healthy Mild Moderate

(1) SE (control) 15.62 ± 8.89 18.22 ± 14.91 11.22 ± 8.58
(2) NaOCl/SE 11.30 ± 7.79 13.90 ± 11.03 12.81 ± 12.78
(3) NaOCl/SE + NaAg 22.37 ± 21.72 9.70 ± 6.23 8.46 ± 4.81
Results show means ± SD expressed in MPa.

was increased compared with control subgroup 1 but was
decreased in subgroup 3; however, two-wayANOVA factorial
analysis revealed that the tensile bond strength was not
signi�cantly di	erent (	 < 0.05) in the two factors; tooth
(healthy dentin, mild �uorosis dentin, moderate, and severe
Factor 1) and adhesive system (two-step self-etch, NaOCl,
and NaAg Factor 2). �e interaction of the two factors was
not signi�cant 	 = 0.4089. Table 8 shows the percentage
of adhesive, cohesive, and mixed failure, using Chi-square
analyses (	 < 0.05), greater amounts of adhesive failure in

healthy groups and greater amount of cohesive failure inmild
and moderate groups were observed, and mixed failure was
not found.

3.4. SEMEvaluation. Figures 5(a)–5(c) showSEMmicropho-
tographs of healthy group resin/dentin interfaces. Figure 5(a)
shows the formation of the hybrid layer without resin tags in
the interface, thin and continuing. Figure 5(b) shows smear
layer incorporated within the hybrid layer, completely devoid
of resin tags areas, which were observed. In Figure 5(c),
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Figure 4: AFM 3D images for severe �uorosis dentin surfaces treated with the techniques: (a) self-etch primer (SE), (b) pretreatment sodium
hypochlorite commercial and self-etch primer (NaOCl/SE), and (c) pretreatment sodium hypochlorite commercial and self-etch primer with
silver nanoparticles (NaOCl/SE + NaAg).

Table 8: Failure mode of specimens of the study groups a�er microtensile bond test for each self-etching technique.

Adhesive Cohesive Mixed


 % � % � %

Healthy SE (control) 9 90 1 10 0 0

Healthy NaOCl/SE 10 100 0 0 0 0

Healthy NaOCl/SE + NaAg 9 90 1 10 0 0

Mild SE (control) 8 80 2 20 0 0

Mild NaOCl/SE 7 70 3 30 0 0

Mild NaOCl/SE + NaAg 8 80 2 20 0 0

Moderate SE (control) 7 70 3 30 0 0

Moderate NaOCl/SE 6 60 4 40 0 0

Moderate NaOCl/SE + NaAg 10 100 0 0 0 0

Chi-square analyses (� < 0.05).
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Figure 5: MEB microphotography of healthy dentin-resin interface treated with the following techniques: (a) self-etch primer (SE), (b)
pretreatment sodium hypochlorite commercial and self-etch primer (NaOCl/SE), and (c) pretreatment sodium hypochlorite commercial
and self-etch primer with silver nanoparticles (NaOCl/SE + NaAg).

hybrid layer is in�ltrated with adhesive �llers, long and short
resin tags extending from it, but with some cracks in the
bonding adhesive resin. Here there was complete dissolution
of the smear layer with a very thin hybrid layer, which is not
clearly seen.

Figures 6(a)–6(c) show SEM microphotographs of mild
�uorosis resin/dentin interfaces. Figure 6(a) shows the
absence of hybrid layer formation. Figure 6(b) shows a
continuous hybrid layer over the entire interface is in�ltrated
with adhesive �llers, long resin tags extending from it.
Figure 6(c) shows the formation of a thicker hybrid layer
with numerous dentinal tubules; however these were devoid
of resin tags.

Figures 7(a)–7(c) show SEM microphotographs of mod-
erate �uorosis resin/dentin interfaces treated with the study
techniques. Figure 7(a) observed that a de�ned hybrid layer
over the entire interface is in�ltrated with adhesive �llers,
long resin tags extending from it. Figure 7(b) shows a dense
and continuous layer over the entire interface, but with some
cracks in the hybrid bonding adhesive resin. Figure 7(c)
shows extensions of dentinal tubules with resinous exten-
sions with funnel-shaped characteristic of a dental substrate
a	ected by �uorosis.

Figures 8(a)–8(c) show SEMmicrophotographs of severe
�uorosis resin/dentin interfaces treated with the study tech-
niques. Figure 8(a) shows a thin hybrid layer formed with a
control group that loses slight continuity. Figure 8(b) shows

dense and uniform and continuous hybrid layer formed.
Figure 8(c) shows a hybrid layer very similar to the control
group and with a thin continuity observed.

4. Discussion

To obtain an e	ective bond between the restorative material
and dental tissue according to the self-etching approach,
substrate in�ltration by resin occurs simultaneously with the
etching process. Features such as chemical composition of
dentin and structural topographic variations, as well as the
existence of the smear layer, exert direct in�uence on adher-
ence to this tissue, as the main mechanism of adhesion is the
micromechanical gear of the resinmonomers on porous con-
ditioned tooth surface [18]; the surface characteristics a�er
the conditioning depend on the biological andmorphological
characteristics of the tissue [19]. Dentin consists of several
structures such as tubules with cellular processes and �uid,
peritubular and intertubular mineralized dentin consisting
mainly of collagen and apatite deposits. Disturbances caused
by age, injuries, and diseases such as cavities and dental
�uorosis re�ect information microstructural variations. In
dental �uorosis, which is a malformation of the tooth caused
by chronic ingestion of �uoride during the formation process
[1, 2], it has been reported that dentine with mild and
moderate �uorosis is signi�cantly more susceptible to cavity
formation [9].�e other studies performed with atomic force
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Figure 6: MEB microphotography of mild �uorosis dentin-resin interface treated with the following techniques: (a) self-etch primer (SE),
(b) pretreatment sodium hypochlorite commercial and self-etch primer (NaOCl/SE), and (c) pretreatment sodium hypochlorite commercial
and self-etch primer with silver nanoparticles (NaOCl/SE + NaAg).

(a) (b)

(c)

Figure 7:MEBmicrophotography ofmoderate �uorosis dentin-resin interface treatedwith the following techniques: (a) self-etch primer (SE),
(b) pretreatment sodium hypochlorite commercial and self-etch primer (NaOCl/SE), and (c) pretreatment sodium hypochlorite commercial
and self-etch primer with silver nanoparticles (NaOCl/SE + NaAg).
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Figure 8: MEB microphotography of severe �uorosis dentin-resin interface treated with the following techniques: (a) self-etch primer (SE),
(b) pretreatment sodium hypochlorite commercial and self-etch primer (NaOCl/SE), and (c) pretreatment sodium hypochlorite commercial
and self-etch primer with silver nanoparticles (NaOCl/SE + NaAg).

microscopy mention that the microstructural characteristics
of dentinal substrate in a	ected dentin have a di	erent
behavior; since the sclerotic dentin has a signi�cantly higher
resistance to the action of orthophosphoric acid, the �uorotic
dentin can be compared with it; both have lower density
in dentinal tubules and this a	ected their micromorphology
[20]. According to our results, �uorotic dentin has a tendency
to present lower roughness values than healthy dentin when
treated with the control subgroup (conventional system of
two-step self-etching) although there was no statistically
signi�cant di	erence; Zavala-Alonso et al. reported that
roughness increases with the degree of severity of �uorosis
when a total etch system was applied on healthy and �uorotic
dentin [17]; the di	erences in this study and ours can be
explained because, using a self-etching system, smear layer is
not washed and can create a smoother surface since it is wet
by the primer of the system used at the time of reading. In
the images obtained through AFM we can observe di	erent
micromorphology that shows the �uorotic dentin, having
greater disruption of the surface when increasing severity of
dental �uorosis; thismay be because this substrate has greater
amount of intertubular dentin and its hydroxyapatite crystals
aremodi�edmorphologically; due to this pattern amorphous
and lowmineral content, demineralization patterns are mod-
i�ed [21].

On the other hand, the sodium hypochlorite has been
used as a dentin deproteinizing agent, this is well known as a

nonspeci�c proteolytic agent, for its ability to remove organic
matter as well as magnesium and carbonate ions [22] at the
same time. Silver nanoparticles are important antibacterial
agents which have been shown to have an antimicrobial long-
term e	ect [23]; therefore, an etching system antibacterial
could be bene�cial because the primer in direct contact with
in�ltrates dentinal tubules helps to disinfect the prepared
tooth cavity and eradicate residual bacteria. In our results of
atomic force microscopy although there was no signi�cant
statistical di	erence, it was demonstrated that the roughness
value of healthy dentin was higher in subgroup 1 than in
subgroups 2 and 3; however, �uorotic dentine shows higher
roughness values in subgroups 2, 3, and 4 in comparison with
the control subgroup, even though statistically signi�cant
di	erences were not found; this may be because an amount
of organic matter is removed and the substrate is more sus-
ceptible to demineralization caused by the self-etching agent
[24–27]. Fawzy et al. in 2008 [28] reported roughness values
in pretreated dentin with sodium hypochlorite comparing
the total etch system with self-etching, obtaining the highest
values in the total etch system; it is worth mentioning that
the application time of sodium hypochlorite in that study was
120 seconds, washing and drying, while, in our study, only
pretreatment was active and dried with absorbent paper, but
these results are comparable to ours.

Silver nanoparticles have been developed with the pur-
pose of reducing bacterial adhesion to dental materials, Due
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to this, they were added to the system self-etching silver
nanoparticles of 10 nm since according to Espinosa-Cristóbal
et al. [23] smaller particle size will achieve greater bactericidal
e	ect against cariogenic bacteria like Streptococcus mutans;
a concentration of 0.05% w/v NaAg was used, as some
studies report low cytotoxicity with high viability of human
periodontal �broblasts and directed e	ect and sustained
release in the implantation site [29]. In subgroup 3 of the
groups of mild andmoderate �uoride dentin, it was observed
that the roughness values tended to increase in comparison
to subgroups 1 and 2, although the di	erences were not
statistically signi�cant; this trend was not observed in the
dentin group with severe �uorosis since the roughness values
in subgroup 3 tended to decrease compared to subgroups 1
and 2, although again no statistically signi�cant di	erences
were found. A probable explanation for what is found in
the group of severe dentine is that it has a higher degree
of pathological involvement in their micromorphology; once
done, the dentin pretreatment and demineralization subse-
quent with silver nanoparticles create mineral percentage
decompensation owing to high hypomineralization already
present [30, 31] and this could make fewer calcium ions
that were removed not available in dentin hypomineralized
for attachment with the carboxyl groups of the restoration
[32, 33]. It is also very likely that it was a deposit of silver
nanoparticles in the dentinal tubules which might have
manifested with low permeability and smaller diameter of
this dental substrate.

When comparing our roughness results withmicrotensile
values, it is observed that although there is a trend of greater
roughness in subgroups 2 and 3 inmild andmoderate dentin,
in the microtension test the adhesion strength with these
techniques and the values decrease of healthy dentin with
the built-in silver nanoparticle technique is higher and more
acceptable at the clinical level; these results can be explained
based on the �uorosis pattern decreasing the area of surface
tension in its micromorphology and the degree of wettability
produced by self-etching. However, our results agree with
those of Spazzin et al. in 2009 [34], reporting on treated
dentin with NaOCl average �TBS of 17.8 and 19.2MPa. In
our study was obtained average �TBS of 15.62MPa which
we attribute to a longer storage time of the samples used,
it was determined to get closer to clinical reality, and some
reports mention the importance of type and storage time of
the samples in the result of the adhesion strength. �is can
greatly in�uence the results because there is an enzymatic
degradation in the interface with the passage of time [35], as
well as percentage and mode of application of NaOCl, since
in the present study it was placed at 5.25% and actively [36]
and it was applied at 10% with a passive technique. It has
been determined that, for the removal of organic matter and
collagen �bers in the dentin, application of 5.25% NaOCl
for 1 minute is su�cient. �ere are some other reports with
tensile values ranging from 4.68 to 7.42MPa, in�uencing the
result of the sample area to be tested to obtain these minor
parameters [35], wherein total etch system and self-etch are
compared but are applied by pretreating 5.25% NaOCl for
2 minutes [37]. Further another report mentions that NaCl
can have some e	ect on free radicals, upon release, and not

allow proper polymerization of the adhesive system [38]. Our
results show a mode of failure predominantly adhesive; this
is of great importance since in the cohesive and mixed faults
the fracture of the dental substrate intervenes, causing with
this not to preserve dental structure. �e group that presents
a greater number of cohesive faults (23%) was dentine with
�uorosis, perhaps due to the great hypomineralization and
greater protein quantity that presents this a	ected tissue,
emphasizing the group ofmoderate �uorosis with dentin pre-
treatment (13%). Although dentin pretreatment with sodium
hypochlorite deproteinizes and demineralizes, the results
found suggest that in the group with pretreatment and silver
nanoparticles it was helped to promote the remineralization
of the dentin structure [39]. �ese results agree with Koshiro
et al. [35]; they do mention that the smaller the cross section
area of amaterial, the lower the incorporation of defects, since
this acts as an area of tensions and therefore area of fracture
propagation, just like that in the microtensile test where
there is better stress distribution leading to low incidence
of cohesive failure, although these are still produced [40],
as seen in the photomicrographs of SEM where hybrid
areas or discontinuance of the hybrid layer was observed
because the samples are larger than those subjected to the
microtensile test and only some groups could observe a
complete continuity, but without resinous extensions within
the dentinal tubules because of the amount of smear layer
potentially present on the peri- and intertubular dentin. It
is very recommendable to analyze the surface of di	erent
substrates since micromorphological characteristics of teeth
with any pathology in di	erent area or depth change [41]
and also will be modi�ed with the type of treatment to
be performed on this and this can in�uence directly the
formation of the hybrid layer and its proper adhesion, which
will re�ect the success to short or long term of the �nal
restoration.

�e incorporation of silver nanoparticles to the adhesive
system for the healthy group (22.37MPa) showed a slight
improvement not statistically signi�cant in adhesive strength
when compared among the other subgroups (SE control
15.62, NaOCl + SE 11.30, and NaOCl + SE-NaAg 22.37),
since the silver nanoparticles are water-based and render the
self-etching primer more hydrophilic, providing a suitable
chemical change to create an increase in the surface tension
of the dentin substrate and in this way adequately penetrate
the resinous monomer of the adhesive system. Additional
research is needed on the behavior of silver nanoparticles
and their interaction within the long-term dentinal tubule.
�e hypothesis of the study is rejected since no statisti-
cally signi�cant di	erences were found that show that the
dentin pretreatment with 5.25% sodium hypochlorite and the
incorporation of NaAg to the self-etching system improve
the topography, mechanical, and adhesive properties of the
dentin a	ected by �uorosis.

5. Conclusions

Our results suggest that dentin pretreatment technique with
5.25% NaOCl and the incorporation of NaAg to the self-etch
adhesive system cannot produce a surface suitable for a better
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adhesion or reduce adhesive failures. It is of great importance
to point out that there are not enough studies about adhesion
systems to �uorotic dentin and that the continuation of this
type of studies would be of great bene�t for the development
of newmaterials for this group of teeth vulnerable to adhesion
and greater propensity for secondary caries.
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