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Silver diamine fluoride (SDF) has demonstrated its clinical success for years in the arrest of
caries lesions; however, the influence it could have on the success of restorations after its
application still remains unknown. The purpose of this research was to study the
relationship between the use of SDF and the adhesive strength of the materials used
in restorations made with glass ionomers and composite resin, as well as with different
adhesive systems. A sample consisting of 240 teeth divided into eight groups with 30 teeth
in each of them (n = 30) was used. In these groups, the use of restoration with composite
resin and glass ionomer was compared using different adhesive systems, with and without
prior application of SDF. Notable differences in adherence were observed among the
different groups depending on the filling material. There is also a significant effect of tooth
type on adhesion. We can conclude that there is a relationship between the use of SDF and
the adhesion between the tooth and the restorative materials analyzed.
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1 INTRODUCTION

Resin restoration was introduced around the middle of the 20th century as a material for esthetic
restoration (Leinfelder, 1988; Minguez et al., 2003). These resins are classified according to the size of
the filler, which affects the polishability and esthetics, depth of polymerization, shrinkage that
occurred during polymerization, and physical properties. Hybrid resins combine a mixture of
particle sizes that improve both strength and esthetics (Burgess et al., 2002). The smaller size of the
filler particles allows for greater polishability and esthetics, while a larger size provides greater
strength and toughness. Thus, the more fluid resins have a lower volumetric filling than the hybrid
resins (Pallav et al., 1989).

Materials used in dentistry based on glass ionomers have been used since 1970, as restorative
material, cement, or pulp caps (Wilson and Kent, 1972). Initially, it was a difficult-to-handle
material, with poor wear resistance and brittle. Advances in formulation allowed for improved
properties, including the combination of resin-modified glass ionomers. This combination allowed
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us to improve the properties, improving the ease of handling of
the material, the decrease in the setting time, the increase in
strength, and the greater resistance (Mitra and Kedrowski, 1994).
Generally, all materials with glass ionomers have properties that
make them advantageous in pediatric dentistry, such as chemical
bonding to the enamel and dentin, thermal expansion similar to
that of the tooth, biocompatibility, absorption and release of
fluoride, reduction of fluoride, and moisture sensitivity compared
with resins (Author Anonymous, 2018). Glass ionomers can act
as a reservoir for fluoride which can come from the use of
toothpaste, rinses, as well as topical fluoride applications. This
protection is a key advantage in pediatric dentistry, for patients
with a high risk of caries (Donly et al., 1995; Donly and Nelson,
1997; Forsten, 1998; Author Anonymous, 2018).

Total embossing adhesive systems require a prior phase of
conditioning the fabric with 37% orthophosphoric acid, which
provides an irregular and porous surface that allows the
infiltration of polymerizable resin monomers (Mithiborwala
et al., 2012). On the other hand, self-etching systems
composed of acid monomers do not require washing and act
by conditioning, demineralizing, and infiltrating the enamel and
dentin simultaneously (Pegado et al., 2010).

The use of adhesives in the enamel and dentin in the field of
pediatric dentistry has increased considerably over the years.
Mainly its use is justified to allow a more durable union of
different restorative materials (García-Godoy and Donly, 2015).
The selection of the most adequate material for coronary
obturation in pediatric dentistry is a complex issue that must
take into account many factors (Naulin-Ifi, 2011). Glass ionomer
cement is one of the most used materials as it is a cariopreventive
material, which makes it especially recommended for children at
high risk of cavities since it has a special ability to release fluoride
over a long period of time, which helps tooth remineralization
and does not require very strict isolation as in composite resins
(Wilde et al., 2006; American Academy of Pediatric Dentistry,
2008; Muller-Bolla, 2014). Its main disadvantage is low resistance,
which is why it is not recommended as a long-term restorative
material in permanent dentition (Tassery et al., 2006; American
Academy of Pediatric Dentistry, 2008).

Resin-modified glass ionomer cement benefits from shorter
bonding time and lower solubility than glass ionomer cement,
improves resistance to fracture and abrasion, and maintains the
biocompatibility and hydrodynamics of fluoride ions, preserving
their physicochemical adherence to the tooth structure (Anderson-
Wenckert et al., 2002; Roberts et al., 2005; Savin et al., 2016).
Certain requirements must be considered for the successful use of
resin composites, including the possibility of isolation of the cavity,
the size of the lesion, and the need for periodic reviews. They are
well suited for minimally invasive dentistry, yet extremely sensitive
to any technical intervention, so they should only be used when
adequate isolation can be achieved (Stoleriu et al., 2013).

Stoleriu et al. (2013) and Bansal et al. (2019) proposed that to
achieve long-lasting clinical success, composite resin restorations
should have as smooth a surface as possible to avoid the
accumulation of bacterial plaque or extrinsic dyes, although
subsequent studies have shown the impossibility of achieving a
totally smooth surface because of the different coefficients of

hardness and resistance to wear of both the organic and the
inorganic matrixes (Mei et al., 2013; Andrian et al., 2017).

Silver diamine fluoride (SDF) has a positive effect in
preventing the formation of new caries lesions and is able to
effectively stop the caries process, with an 81% success rate in
stopping caries in the active caries lesions (Gao et al., 2016;
González Alarcón and Bakari Ndjidda, 2018; Horst, 2018). The
clinical effects shown are the cariostatic effect on the temporary
and permanent dentition, the reduction of the progression of the
caries lesion, hardening of the carious dentin, the preventive
effect on the occlusal and interproximal surfaces, and decreased
tooth sensitivity (Zhao et al., 2018).

Several authors (Chu et al., 2002; Zhao et al., 2018) have
justified its use by finding evidence of its efficacy in active caries
lesions and in the prevention of caries lesions. Some authors
stated that the topical application of SDF did not interfere (either
beneficially or detrimentally) with the subsequent adhesion of the
restorative materials, either with composite resin or with glass
ionomer cement; however, there is no consensus on this (Yamaga
et al., 1972; Rosenblatt et al., 2009; Fung et al., 2013; Author
Anonymous, 2018; Juneja et al., 2019). Later studies by Australian
authors introduced potassium iodide (KI) to minimize and mask
staining, obtaining similar long-term results in the effect of this
treatment, as well as its acceptable interaction with various
restorative materials (Knight et al., 2006; Knight et al., 2009;
Craig et al., 2012). Knight et al. (2006) analyzed the influence of
SDF/KI and adhesion between dentin and glass ionomer cement,
and suggested that as long as there is a water wash of the SDF-
treated surface, it will not influence the adhesive strength.

The exact mechanism of the SDF is still unknown. Although
the interaction between SDF and the tooth has not been clearly
demonstrated, some authors hypothesize that mainly fluorine
ions react with the demineralized tooth surface, while silver ions,
as with other heavy metals, cause its antimicrobial actions (Fung
et al., 2013; Author Anonymous, 2018; Juneja et al., 2019). It has
been observed that during the topical application of SDF, it reacts
with hydroxyapatite minerals [Ca10 (PO4) 6 (OH) 2] on the
tooth surface, and with this reaction, two compounds are mainly
generated: calcium fluoride (CaF2) and phosphate of silver
(Ag3PO4), by-products responsible for the arrest of caries, and
the hardening of the dentin structure, in addition to producing an
antimicrobial action against multiple types of cariogenic
microbial flora (Yamaga et al., 1972; Wu et al., 2007; Chu and
Lo, 2008; Chu et al., 2012; Mei et al., 2013).

Studies that have analyzed silver diamine fluoride differ
widely in terms of objectives, hypotheses, methodologies,
experimental conditions, model systems, and conclusions.
There is evidence of the effectiveness of caries arrest by
applying SDF at 38% (Mei et al., 2013; Gao et al., 2016;
Horst, 2018). However, significant research has been
continued on the recurrence of these unfilled lesions once
the first six months have elapsed, since they continue to be
patients at high risk of caries. Authors such as Crystal and
Niederman (2016) suggested the alternative of using the glass
ionomer cement as a filling material after the application of
SDF, thereby further reducing the risk of caries recurrence and
increasing dental esthetics.
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The working hypothesis was that SDF has an effect on the
adhesion between the different materials studied and the tooth.
For this reason, this study focuses on knowing if the SDF
influences the adhesion of the main reconstruction materials
in pediatric dentistry (both with glass ionomer and with
resins) since one of the alternatives in those candidate patients
could be to stop caries with the application of SDF in the first line
of action. Next, the second line of action would be the prevention
of the reactivation of the said caries by sealing the cavity, either
with glass ionomer cement or with resins. In this way, it would
also facilitate the improvement of hygiene, thereby helping to
prevent new caries lesions and reduce the risk of cavities.

On the other hand, with regard to candidate patients, those
patients who cannot tolerate standard treatment for medical,
psychological, or age reasons could be included. Similarly,
patients with multiple caries lesions could be included, who at
the moment cannot perform all the treatments in a short period
of time (for medical, economic, psychological, or age reasons),
thus slowing down caries lesions and cavities until the
appropriate standard treatments can be performed.

2 METHODOLOGY

Two hundred forty (240) extracted permanent human teeth
were selected, with a total of 188 M (78.3%) and 52 premolars
(21.7%). The proportion of premolars in each of the groups is
similar, ranging between 20 and 30%. Homogeneity is
confirmed by the chi2 association test (p = 0.980).

The teeth were divided into eight groups of 30 cases each (n =
30). Different combinations of pretreatment, bonding systems,
and restorative materials were used in each of the groups
(Table 1).

The inclusion criteria used in the sample were teeth without
previous treatments extracted for periodontal and/or
orthodontic reasons. Similarly, only premolars and molars
were used. All teeth remained in a 0.9% sodium chloride

container until their use in this study so as not to lose
hydration.

Teeth with conservative treatments such as restorations, pulp
treatments, or prostheses, as well as worn teeth or teeth with
suspected cleft diagnosis, were excluded.

2.1 Sample Preparation
During the entire sample collection period, the teeth were
immersed in a 0.9% sodium chloride solution to maintain
hydration. This solution was changed routinely until the time
of making the preparations. Once the entire sample had been
collected, the selected teeth were immersed in 5% sodium
hypochlorite for 10 min. Subsequently, they were individually
grounded in plaster, numbered, and randomly distributed in the
different groups.

All teeth were cleaned with ultrasound and/or curettes, thus
removing the remains of tartar. In a similar manner, all the faces
of the teeth were cleaned with a prophylaxis brush using the
contra-angle to remove any traces of biofilm or dirt.

In clinical practice, class V cavities were performed in all of
them, with an approximately similar depth and extension of 2 and
5 mm, respectively (Puckett et al., 1995). All the margins were
beveled so that the cavities were expulsive and the adhesion could
be adequately assessed.

For the application of different materials, the manufacturer’s
recommendations were followed according to the different
groups during the application of self-etching adhesive. In the
case of the glass ionomer cement and the composite resin, it was
applied to the cavity and polymerized. In those groups where a
previous selective etching was carried out, 37% orthophosphoric
acid was applied to condition the enamel. Then, it was washed
with water, and the surface was dried. In those cases where SDF
pretreatment was used, it was carefully applied throughout the
entire cavity of the Riva Star® (silver diamine fluoride) silver
capsule solution. Immediately afterward, liberal application of the
Riva Star® green capsule solution (potassium iodide) was carried
out until the white cream became clear. Subsequently, profuse

TABLE 1 | Distribution of the sample in the different groups according to the use or non-use of pretreatment, and the use of the different adhesive systems and materials. In
addition, the materials, commercial brands used in the study, and the country of manufacture are shown.

SE + GI Restoration with the application of self-etching adhesive (Futurabond
®
, VOCO GmbH, Cuxhaven, Germany) and a glass

Ionomer (Ionoseal
®
, VOCO GmbH, Cuxhaven, Germany)

SE + RES Restoration with the application of self-etching adhesive (Futurabond
®
, VOCOGmbH, Cuxhaven, Germany) and composite

resin filling (GrandioSO Heavy Flow
®
, VOCO GmbH, Cuxhaven, Germany)

GI Restoration only with a glass ionomer (Ionoseal
®
, VOCO GmbH, Cuxhaven, Germany)

SELE + AD + RES Restoration using selective etching (Super Etch jumbo SDI
®
, SDI, Australia), adhesive application (Futurabond

®
, VOCO

GmbH, Cuxhaven, Germany), and composite resin filling (GrandioSO Heavy Flow
®
, VOCO GmbH, Cuxhaven, Germany)

SDF + SE + GI Pretreatment with SDF (Riva Star
®
, SDI, Australia) and restoration with the application of self-etching adhesive (Futurabond

®
, VOCO GmbH, Cuxhaven, Germany) and a glass ionomer (Ionoseal

®
, VOCO GmbH, Cuxhaven, Germany)

SDF + SE + RES Pretreatment with SDF (Riva Star
®
, SDI, Australia) and restoration with the application of self-etching adhesive (Futurabond

®
, VOCO GmbH, Cuxhaven, Germany) and composite resin filling (GrandioSO Heavy Flow

®
, VOCO GmbH, Cuxhaven,

Germany)
SDF + GI Pretreatment with SDF (Riva Star

®
, SDI, Australia) and restoration only with a glass ionomer (Ionoseal

®
, VOCO GmbH,

Cuxhaven, Germany)
SDF + SELE + AD + RES Pretreatment with SDF (Riva Star

®
, SDI, Australia), selective etching (Super Etch jumbo SDI

®
, SDI, Australia), adhesive

application (Futurabond
®
, VOCO GmbH, Cuxhaven, Germany), and composite resin filling (GrandioSO Heavy Flow

®
,

VOCO GmbH, Cuxhaven, Germany)
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washing with water to remove the remains of material and drying
the cavity was performed. The materials used are reflected in
Table 1.

In all the teeth and during the last step (application of the
composite resin or the glass ionomer cement), the pull button was
inserted before the polymerization of the glass ionomer cement or
the composite resin.

The steps performed after making the class V cavity are as
follows:

2.1.1 Group 1: Restoration With Application of
Self-Etching Adhesive and Glass Ionomer (AAG + RIV)
For the homogenous application of the Futurabond ® self-etching
adhesive in the cavity for 20 s, air was applied to remove the
solvents for 5 s, and polymerization was carried out for 10 s. The
cavity was then filled with glass ionomer (Ionoseal®) and
polymerized for 20 s.

2.1.2 Group 2: Restoration With Application of
Self-Etching Adhesive and Resin (AAG + RR)
For the homogenous application of the Futurabond ® self-etching
adhesive in the cavity for 20 s, air was applied to remove the
solvents for 5 s, and polymerization was carried out for 10 s. The
cavity was then filled with GrandioSO Heavy Flow ® fluid resin
and polymerized for 20 s.

2.1.3 Group 3: Restoration Only With Glass
Ionomer (RIV)
No prior conditioning or pretreatment was performed. Only the
cavity was filled with glass ionomer (Ionoseal®) and polymerized
for 20 s.

2.1.4 Group 4: Restoration Using Selective Etching,
Adhesive Application, and Resin Filling (AAO + AAG
+ RR)
First, 37% orthophosphoric acid was applied for 15–20 s to
condition the enamel. It was then washed with water for 15 s,
and the surface was dried. Next, Futurabond ® self-etching
adhesive was applied homogenously in the cavity for 20 s, with
subsequent application of air to remove solvents for 5 s and
polymerization for 10 s. Finally, it was filled with GrandioSO
Heavy Flow ® fluid resin and polymerized for 20 s.

2.1.5 Group 5: Pretreatment With SDF and Restoration
With Application of Self-Etching Adhesive and Glass
Ionomer (SDF + AAG + RIV)
Careful application along the entire cavity of the Riva Star® silver
capsule solution (diamine fluoride) was carried out. Immediately
afterward, copious application of the Riva Star® green capsule
solution (potassium iodide) was performed until the white cream
became transparent. Then, profuse washing with water to remove
the remains of the material and to drying the cavity for 20 s was
carried out. Next, the Futurabond ® self-etching adhesive was
applied homogenously in the cavity for 20 s; air was applied to
remove the solvents for 5 s and polymerization for 10 s. To fill the
cavity, a glass ionomer (Ionoseal ®) was applied and polymerized
for 20 s.

2.1.6 Group 6: Pretreatment With SDF and Restoration
With Application of Self-Etching Adhesive and Resin
(SDF + AAG + RR)
Careful application along the entire cavity of the Riva Star® silver
capsule solution (diamine fluoride) was performed. Immediately
afterward, the copious application of the Riva Star® green capsule
solution (potassium iodide) was carried out until the white cream
became transparent. Then, profuse washing with water was
performed to remove the remains of the material and to
drying the cavity for 20 s. Next, the Futurabond ® self-etching
adhesive was applied homogenously in the cavity for 20 s; air was
applied to remove the solvents for 5 s, and polymerization was
carried out for 10 s. Finally, it was filled with GrandioSO Heavy
Flow ® fluid resin and polymerized for 20 s.

2.1.7 Group 7: Pretreatment With SDF and Restoration
Only With Glass Ionomer (SDF + RIV)
Careful application along the entire cavity of the Riva Star®
silver capsule solution (diamine fluoride) was carried out.
Immediately afterward, copious application of the Riva
Star® green capsule solution (potassium iodide) was
performed until the white cream became transparent. Then,
profuse washing with water was done to remove the remains of
the material and to drying the cavity for 20 s. The cavity was
then filled with a glass ionomer (Ionoseal®) and polymerized
for 20 s.

2.1.8 Group 8: Pretreatment With SDF, Selective
Etching, Adhesive Application, and Resin Filling (SDF
+ AAO + AAG + RR)
Careful application along the entire cavity of the Riva Star® silver
capsule solution (diamine fluoride) was performed. Immediately
afterward, copious application of the Riva Star® green capsule
solution (potassium iodide) was carried out until the white cream
became transparent. Then, profuse washing with water was
carried out to remove the remains of the material and to
drying the cavity for 20 s. First, 37% orthophosphoric acid was
applied for 15–20 s to condition the enamel. Then, it was washed
with water for 15 s, and the surface was dried. Next, the
Futurabond® self-etching adhesive was applied homogeneously
in the cavity for 20 s; air was applied to remove the solvents for
5 s, and polymerization was performed for 10 s. Finally, it was
sealed with GrandioSO Heavy Flow ® fluid resin and polymerized
for 20 s.

2.2 Laboratory Protocol
Once the entire sample was prepared, a tensile test was carried
out using the universal testing machine SHIMADZU
Autograph AG-X plus Series ® (Shimadzu, Nakagyo-ku,
Kyoto, Japan). A continuous tensile force of 1 mm/s was
applied to each of the tooth, assessing the maximum
applied force necessary to remove the restoration and the
maximum displacement that occurred in each of them.

After the restoration process, a tensile test was performed
on a universal testing machine, and the separation force of the
restored fragment was obtained (Figure 1). This force or
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strength, measured in Newton, is the primary response
variable of the study. In addition, the displacement of the
sample was recorded in millimeters (mm). One of the graphs
obtained in the test where the force–displacement curve can
be observed (Figure 2) is included as an example.

2.3 Statistical Analysis
Statistical analysis was performed with the SPSS 15.0 computer
program (IBM, Armonk, New York, EE.UU.). The sample size
ensures a power of 80% for an average effect size. The reference
significance level was 5%. Before the statistical analysis, the
Kolmogorov–Smirnov test was applied to check if the variables
were normally distributed in the different groups. Levene’s test
was used to compare the variances. By means of the chi2 test, the
homogeneity of the groups in terms of types of teeth included was
verified.

Similarly, the one-way ANOVA model was used to determine
if there were statistically significant differences between the
strength means of the different groups. For multiple
comparisons, the Tamhane T2 test was performed, which is

suitable when the variances are unequal. The effect of the
tooth type is studied with a two-way model extension.

3 RESULTS

In Figure 3, different patterns are shown. Both with and without
the application of SDF, the differences by the groups are notable,
appreciating the low resistance offered by the glass ionomer
cement, without pretreatment or adhesion system, compared
with the rest. On the other hand, the application of SDF

FIGURE 1 | Photo of the tensile strength test setup.

FIGURE 2 | Force–displacement curve. FIGURE 3 | Distributions of force values of the different groups. The
sample names were represented as follows: SE + GI: restoration with the
application of self-etching adhesive and glass ionomer, SE + RES: restoration
with the application of self-etching adhesive and composite resin, GI:
restoration only with a glass ionomer, SELE + AD + RES: restoration using
selective etching, adhesive application, and composite resin filling, SDF + SE +
GI: pretreatment with SDF and restoration with the application of self-etching
adhesive and a glass ionomer, SDF + SE + RES: pretreatment with SDF and
restoration with application of self-etching adhesive and composite resin, SDF
+ GI: pretreatment with SDF and restoration only with glass ionomer, SDF +
SELE + AD + RES: pretreatment with SDF, selective etching, adhesive
application, and composite resin filling.
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slightly raises the distributions (improves adhesion moderately).
Furthermore, it tends to increase the variability within
each group.

The Kolmogorov test allowed accepting the adjustment to the
normal distribution in all groups, except the glass ionomer
cement without pretreatment or selective etching. However,
the homogeneity of the variances (p = 0.00087, Levene) could
not be accepted. Thus, the ANOVA model was applied,
controlling the problem and using a specific multiple
comparison test for this type of situation, such as Tamhane’s
T2 (Table 2), finding significant differences in the mean strength
of the eight groups (p = 0.000723).

The application of SDF did not significantly modify the
adherence of the groups where restoration was applied with the
application of self-etching adhesive and glass ionomer cement,
restoration with application of self-etching adhesive and
composite resin filling, restoration only with glass ionomer

cement, and restoration using selective etching, adhesive
application, and composite resin filling. In the SELE + AD
+ RES group (restoration using selective etching, adhesive
application, and composite resin filling), where SDF was not
applied, a detachment force was observed to be significantly
higher than that in any of the other groups. The groups with
the application of self-etching adhesive were similar to each
other (p = 1.000) and significantly stronger than the ionomer
alone. On the other hand, in the groups where SDF was
applied, the results were quite similar. The SELE + AD +
RES group was superior in terms of medium adhesion, equaled
only with the SE + RES group (restoration with the application
of self-etching adhesive and composite resin). The SE + GI
(restoration with the application of self-etching adhesive and
glass ionomer cement) and SE + RES groups were similar to
each other (p = 0.989) and significantly stronger than the glass
ionomer cement alone.

TABLE 2 | Comparison of mean strength according to group: Tamhane post hoc test results. The gray area is not shown for symmetry.

SE + GI SE + RES GI SELE + AD +
RES

SDF + SE + GI SDF + SE +
RES

SDF + GI

SE + GI
SE + RES 1.000
GI 0.0006 0.0078
SELE + AD + RES 0.0008 0.0009 0.00073
SDF + SE + GI 0.999 0.796 0.00065 0.005
SDF + SE + RES 0.518 0.212 0.00059 0.967 0.989
SDF + GI 0.00082 0.00071 0.377 0.00072 0.00056 0.00098
SDF + SELE + AD + RES 0.0007 0.00069 0.00059 0.606 0.00084 0.044 0.00099

FIGURE 4 | Strength (N) according to the group and tooth type. The sample names were represented as follows: SE + GI: restoration with the application of self-
etching adhesive and a glass ionomer, SE + RES: restoration with the application of self-etching adhesive and composite resin, GI: restoration only with a glass ionomer,
SELE + AD + RES: restoration using selective etching, adhesive application, and composite resin filling, SDF + SE + GI: pretreatment with SDF and restoration with the
application of self-etching adhesive and a glass ionomer, SDF + SE + RES: pretreatment with SDF and restoration with the application of self-etching adhesive and
composite resin, SDF + GI: pretreatment with SDF and restoration only with a glass ionomer, SDF + SELE + AD + RES: pretreatment with SDF, selective etching,
adhesive application, and composite resin filling.
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The data indicated that there is a significant tooth type effect
on strength (p = 0.027). On average and without differentiating by
groups, molars offered significantly higher strength than
premolars (Figure 4).

The model also showed that this “superiority” of molars over
premolars should be admitted as similar in all the groups
evaluated; that is, there is no interaction effect (p = 0.958).
The differences between groups (p 0.00073) could be
extrapolated to any of the two tooth types (p = 0.958).

In the previous models, the eight groups were considered
independent combinations of SDF (yes/no) and the adhesive
system. The effect of both variables was evaluated separately to
know if one or the other variable is to a greater or lesser extent
responsible for the variability of the strength measurements.

When comparing the mean strength of the four systems (with
60 teeth each), significant differences were found (p = 0.00055),
showing that SDF had an effect on the measured mean strength
(p = 0.00078).

From a general point of view, the bonding system is the
most important source of strength variability, followed by SDF
and, last, the tooth type. No significant interactions were found
between these factors according to our study results.

To know the relationship between the different materials
and the resistance, a selection of samples has been made to
carry out a fractographic analysis. The groups with the greatest
resistance (G8) and with the least resistance (G3) have been
analyzed. As can be seen in the G3 sample, the cavity is
completely clean with no traces of restorative material.
Some cracks are observed, but the highlight is that the
beach marks produced by the materials used for the
preparation of the cavity continue to be observed. This
shows that there is no rest of the material used (Figure 5).

Unlike the G3 sample, in the G8 sample, it can be seen that the
fracture has been through the restoration material, which shows
that there is great adhesion with the tooth (Figure 6).

The study has been completed by a superficial analysis using
the EDX and XPS techniques, which simply corroborate the
aforementioned ones, since they only detect hydroxyapatite in
the G3 sample and the components of the G8 restoration
material.

4 DISCUSSION

Performing a dental restoration after stopping caries by applying
SDF could be a possible solution in pediatric patients or in special
patients. It seems promising to incorporate this material in the
management of caries lesions together with restorative treatment.
In these cases, esthetic restorative materials could be used to
restore the caries-derived cavity and thus cover the darkened area
caused by SDF (Jiang et al., 2020).

Previous studies differ greatly in terms of methodology.
Studies to date have used various bond strength-testing
methods, including the tensile bond strength test (TBS), shear
bond strength test (SBS), micro-tensile bond strength test
(mTBS), and micro-tensile bond strength test (mSBS) (Jiang
et al., 2020) or the tensile strength method (Kucukyilmaz
et al., 2016), similar to that performed in this study. A meta-
analysis carried out in 2020 (Fröhlich et al., 2020) is
recommended for future studies to carefully carry out and
describe all the methodological parameters involved in
carrying out the studies, since in those carried out to date,
there is great heterogeneity in the methodology, making it
difficult to compare the results.

Whenever SDF is used for the arrest of caries lesions, the
possible staining of the enamel or dentin must be taken into
account, especially in the marginal zone of restorations or in its
application in the anterior sector (Nguyen et al., 2017; Zhao et al.,
2017). As an alternative to solve this esthetic problem, it has been
proposed to apply a KI solution immediately after the application

FIGURE 5 | Image extracted from the fractographic analysis of the G3
sample.

FIGURE 6 | Image extracted from the fractographic analysis of the G8
sample.
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of SDF to minimize the darkened area. Iodide ions in the KI
solution can react with silver ions to form silver iodide which
appears as a yellowish precipitate providing enhanced esthetics
(Knight et al., 2006).

In some studies, it has been observed that the bonding strength
has not been adversely compromised after the application of SDF/
KI, provided there is a subsequent rinse with water because without
such rinsing, the bonding strength is significantly reduced (Knight
et al., 2006; Selvaraj et al., 2016; Gupta et al., 2019; Zhao et al.,
2019). However, other authors observed that the application of
SDF followed by immediate rinsing with water did not have a
significant influence on the bond strength (Quock et al., 2012; Wu
et al., 2016; Gupta et al., 2019; Van Duker et al., 2019).

Some of the studies published to date focused their objective
on assessing this influence of adherence according to the use of
different materials. On the one hand, some studies mainly
evaluate adhesive systems with previous etching and self-
etching (Selvaraj et al., 2016), using glass ionomer cement
restorations (Chu et al., 2012; Wang et al., 2016; Puwanawiroj
et al., 2018; Zhao et al., 2019) or evaluating the use of composite
resins as a restorative material (Quock et al., 2012; Kucukyilmaz
et al., 2016; Wu et al., 2016; Lutgen et al., 2018). In the present
study, it was decided to carry out different groups to observe the
possible difference between the adhesive system (selective etching
and adhesive application, or only self-etching adhesive) and the
use of glass ionomer cement and composite resins.

The previously mentionedmeta-analysis (Fröhlich et al., 2020)
concluded that there is no evidence regarding the possible
influence of the previous application of 38% SDF in relation
to the bond strength of glass ionomer cement restorations to
dentin, although it observed a significant decrease in the bond
strength relative to dentin adhesive systems. In the present study,
the results showed that the bond strength between the materials
used and the dentin without the application of SDF/KI was
slightly lower and increased in those groups with the
application of SDF/KI. This was reflected in all the groups and
globally, both in the different adhesive systems (acid
etching—adhesive application and self-etching) and in the
different materials (glass ionomer cement and composite
resin), while in the restoration with glass ionomer cement, it
follows the line of results of different authors who affirm this
improvement in the bond strength between the glass ionomer
cement and the dentin after the use of SDF.

The SDF is used mainly for the arrest of caries lesions, so it is
proposed as a possible future research line to study its possible
application in other types of treatments, such as orthodontic and

periodontic treatments. It would be interesting to know how its
application on smooth surfaces influences the remineralization of
the enamel before the cementation of brackets or before the
cementation of splints in periodontics.

5 CONCLUSION

Based on the results of this study, there is a relationship between
the use of SDF and the bond between the tooth and the materials.
It can be affirmed that the previous conditioning of the enamel
with selective etching had a significant influence. Similarly, a
statistically significant improvement was observed by previously
applying self-etched adhesive to glass ionomer cement
restorations. The application of SDF improved the adhesion
between the tooth and the restoration material, being the
group SDF + SELE + AD + RES (pretreatment with SDF,
selective etching, adhesive application, and composite resin
filling), which showed the best results. The most important
source of variability in the bond strength of the material was
the bonding system, followed by the application or not of SDF
and, last, the type of tooth.
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