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ABSTRACT

Background: The current study aimed to investigate the impact of different concentrations (12%, 30%, and 38%)
of Silver diamine fluoride on the shear bond strength of composite resin to artificial caries-affected dentine.
Materials and methods: Forty extracted premolars were demineralized to mimic caries-affected dentine They
were randomly allocated for pretreatment (n = 10 per treatment), Group 1: (Control group) without pretreatment of
SDF, Group 2 : 12% SDF pretreatment, Group 3: 30% SDF pretreatment, Group 4: 38% SDF pretreatment. All
samples were immersed in artificial saliva for 24 hours after the treatments. Subsequently, all dentine samples were
bonded with Composite resin. The shear bond strength was then measured using a universal testing machine and
was analyzed using a one-way ANOVA test. Results: A statistically significant difference in mean SBS was found
between control group (25.7 = 1.7) and group 2 (11.5 + 1.2), group 3 (17.1 = 1.3) and group 4 (18.9 £ 1.9), but no
significant difference was found between group 3 and group 4. Moreover, there was a statistically significant
difference in mean SBS between group 2 with group 3 and group 4. Conclusion: The application of SDF to dentin
immediately before composite resin restoration adversely affects Shear bond strength.

KEYWORDS: Silver diamine fluoride, shear bond strength, universal testing machine.

INTRODUCTION

Dental caries, a widespread disease globally, is a
localized pathological condition influenced by multiple
factors. It involves the softening of dental hard tissues
and progresses to the development of cavities.™ In recent
years, advancements in restorative materials and our
understanding of the caries process have enabled the
practice of minimally invasive dentistry.” Minimally
invasive dentistry (MID) is an approach that integrates
prevention, remineralization, and minimal intervention
for restoration replacement. It employs the least invasive
surgical methods to meet treatment objectives,
preserving as much healthy tissue as possible.l®! Silver
Diamine Fluoride (SDF) exemplifies the MID concept. It
uniquely eliminates bacteria and hardens teeth, thus
halting and preventing caries. SDF is almost twice as
effective as fluoride varnish in preventing caries.! It
reduces dentin demineralization, enhances dental
remineralization, raises biofilm pH, and possesses
antibacterial properties against cariogenic bacteria.**!

Silver Diamine Fluoride (SDF) has gained popularity as
an alternative when conventional complex treatments are
impractical.[?! It is a simple, affordable, non-invasive, and
quick method that effectively manages pain and infection
in young children with minimal caustic effects.l”! The
distinctive benefits of SDF stem from the combined
actions of its components.[®! Silver and fluoride ions
work synergistically on both hard tissues and bacteria.
Fluoride primarily enhances remineralization,® At the
same time, silver ions exert a strong antibacterial
effect,’™ In addition to preventing collagen degradation,
SDF forms insoluble compounds and granular spherical
grains that precipitate in the inter-tubular areas. This
increases microhardness and reduces dentinal sensitivity
by blocking dentinal tubules.’® Ammonium hydroxide is
added to maintain a stable level of alkalinity, which is
essential for halting the progression of caries.’®! SDF is
available in various commercial concentrations,
including 12%, 30%, and 38%. These concentrations,
ranging from 10% to 38%, are used to prevent and halt
caries. The 38% concentration is the most commonly
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used due to its significant effectiveness in arresting
active caries and preventing new ones.™*”!

Despite its benefits, SDF has several limitations,
including causing black staining of dental substrates due
to the formation of metallic silver.™ To mitigate this,
alternatives such as adding potassium iodide (KI) to SDF
have been proposed, allowing KI to react with any
residual silver ions."¥ Ammonium hexafluorosilicate was
proposed as a possible alternative, but neither option
proved as efficient as SDF in slowing down the
progression of lesions.*? The limitations of SDF in
meeting both aesthetic and functional requirements
underscore the importance of combining caries arrest
with the application of a permanent restorative material
whenever cavitated lesions are present. This approach
will ensure proper sealing against bacteria and enhance
the tooth's cleanability.™

Tooth-colored fillings, such as resin-based composites,
are commonly utilized in dentistry because they can
achieve full setting quickly.* Bulk-fill composite has
been developed with a curing depth of up to 5 mm to
reduce  polymerization shrinkage, enhance the
restoration's marginal integrity, and expedite restorative
procedures, making it a preferred option.*!

Despite the significant advantages provided by
combining SDF with a composite restoration, to date no
studies have examined the effects of composite
restoration after applying different SDF concentrations,
i.e 12%, 30% and 38% on Shear bond strength of the
final restoration. Therefore, the current study aimed to
investigate the impact of different concentrations (12%,
30%, and 38%) of SDF on the SBS of composite resin.
The null hypothesis being tested was that SDF
application had no effect on the SBS of universal
adhesives bonded to the dentin of permanent teeth.

MATERIALS AND METHODS

The current research was carried out at the Department
of Pediatric and Preventive Dentistry, Kothiwal Dental
College and Research Centre, Moradabad, Uttar Pradesh.
Sample testing was conducted at I.T.S. Engineering
College, Greater Noida, following approval from the
institutional ethical and review board.This study included
40 sound-extracted human premolar teeth. The teeth
were cleaned right after extraction and inspected for
caries, defects, or cracks. The samples were then kept in
normal saline until the start of the experiment. All forty
teeth were embedded in acrylic resin, positioned with
their long axis perpendicular to the upper surface of the
mold. A slow-speed diamond disc with water coolant was
used to flatten the occlusal enamel, followed by
smoothing the surfaces with silicon carbide paper to
expose a flat dentin surface. After this preparation, all
samples were immersed in a demineralizing solution.
(pH 4.4, 50 mM acetate, 2.2 mM KH,PO,, 2.2 mM
CaCl,) for 7 days. They were then allocated to four
groups (n = 10 per group).

Group I: (Control group) The demineralized surfaces
received no pretreatment.

Group 2: 12% SDF (Kids E Dental, Mumbai, India)
Solution was topically applied to the Demineralized
surface

Group 3: 30% SDF (Kids E Dental, Mumbai, India)
Solution was topically applied to the demineralized
surface.

Group 4: 38% SDF (Kids E Dental, Mumbai, India)
Solution was topically applied to the demineralized
surface.

Application of SDF

After 30 minutes, all samples were immersed in the
artificial saliva for 24 hours. Subsequently, a flat dentin
surface was etched with 37% Phosphoric acid gel for 15
s and rinsed with water for 10 sec. Excess water was blot
dried using tissue paper then, Prime and Bond UA were
applied on the exposed dentin surface using a microbrush
applicator and light cured for 10 seconds. Teflon tubes
with 3 mm diameter and 4mm height were placed
perpendicular to the previously etched, pre-treated,
bonded dentin surface. A nanohybrid resin composite
(Filtek Z350 XT, Body Shade B1; 3M ESPE Dental
Products) was filled into the precut tubes in 2mm
increments. Each increment was light-cured for 20
seconds using an LED Curing Unit (Waldent Smart-
LED). After bonding, the Teflon tubes were gently cut
and carefully removed using a scalpel. After bonding,
samples were stored in 100% humidity at 37 °C for 24
hours.

SHEAR BOND STRENGTH TEST

A universal testing machine with a flat edge loading head
was used to perform the shear bond strength test. A force
was applied perpendicular to the composite cylindrical
button at a distance of 1 mm from the dentin surface to
the loading head. The loading head moved at a fixed rate
of 1 mm/minute. The load necessary to de-bond
composite was recorded in Newtons and expressed in
Mega-Pascals by dividing the load at failure by the
bonded surface area in square mm.
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Shear Bond Strength Test in Universal Testing
Machine

STATISTICAL ANALYSIS

All data analyses were carried out using IBM SPSS for
Windows (Version 23.0), and the significance level was
set at p-value < 0.05. The means of Shear bond strength
(MPa) between groups was tested by one-way ANOVA
followed by the Post Hoc Tukey test.

Table 1: Mean shear bond strength of each group.

RESULT

Table 1 illustrates the dispersion of the mean + standard
deviation, as well as the maximum and minimum values
of SBS (Mpa) across the groups. Group | exhibits the
highest maximum value, while Group Il displays the
lowest minimum value. Table 2 shows the results of the
comparison of means of SBS (MPa) among the groups
by one-way ANOVA, the value of F= 141.542, and p
<0.01 is highly significant. Therefore, the mean
difference of shear bond strength (MPa) is significant
among the groups. Table 3 shows the multiple
comparison of mean of Shear bond strength among
various groups by Post Hoc Tukey test. Upon
comparison, with group 1 (control group), a statistically
significant difference in SBS was observed in group 2,
group 3, and group 4, but no significant difference was
seen between group 3 and group 4. Whereas group 3 and
group 4 show significant difference with group 2.

The maximum SBS was noted with the control group (no
pre-treatment with SDF), followed by 38% SDF, 30%
SDF, and the least values were noted with 12% SDF, The
Shear bond strength dropped significantly when the
composite resin was bonded immediately after SDF
pretreatment.

Group Mean N Std. Deviation Minimum Maximum
1 25.666000 10 1.8921728 23.2500 28.5000
2 11.453000 10 1.2178766 9.8500 13.7400
3 17.096000 10 1.2808608 15.3500 19.0800
4 18.949000 10 1.9277762 14.5000 20.8000
Total 18.291000 40 5.3527634 9.8500 28.5000
Table 2: Comparison of Mean shear bond strength of each group by one way ANOVA.
Sum of Squares df Mean Square F Sig.
Between Groups 1030.099 3 343.366 141.542 .000
Within Groups 87.332 36 2.426
Total 1117.431 39
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Table 3: Multiple pair wise comparison of mean shear bond strength of various groups using Post Hoc Tukey

test.
Mean 95% Confidence Interval

(1) Group {J) Group Difference (I-J) | Std. Error Sig. Lower Bound Upper Bound

Control 12% SDF 14.2130000° .6965486 .000 12.337037 16.088963
30% SDF 8.5700000"| .6965486 .000 6.694037 10.445963
38% SDF 6.7170000° .6965486 .000 4.841037 8.592963

12% SDF  Control -14.2130000° | .6965486 .000 -16.088963 -12.337037
30% SDF -5.6430000 .6965486 .000 -7.518963 -3.767037
38% SDF -7.4960000° .6965486 .000 -9.371963 -5.620037

30% SDF  Control -8.5700000° | .6965486 .000 -10.445963 -6.694037
12% SDF 5.6430000"| .6965486 .000 3.767037 7.518963
38% SDF -1.8530000 .6965486 .054 -3.728963 022963

38% SDF  Control -6.7170000" .6965486 .000 -8.592963 -4.841037
12% SDF 7.4960000° .6965486 .000 5.620037 9.371963
30% SDF 1.8530000| .6965486 .054 -.022963 3.728963

*_ The mean difference is sianificant at the 0.05 level.

DISCUSSION

This in-vitro study aimed to assess how pre-treating
dentin with varying concentrations of silver diamine
fluoride (SDF) influences the bond strength of composite
resin. Shear bond strength (SBS) measures the adhesive
strength at the interface between the restoration and the
tooth. This interface is critical as it experiences the forces
of mastication, akin to shearing, leading to a complex
stress  distribution  during  clinical  load-bearing
scenarios.!*?)

SDF has gained popularity as an alternative for
managing dental caries and was approved by the US
Food and Drug Administration (FDA) in 2014 for dental
applications. Nonetheless, there are concerns regarding
its effect on the bond strength of restorative materials to
dentin.®

The results of this study indicated that the shear bond
strength of composite resin significantly decreased when
applied immediately after SDF application compared to
the control group. (p-value <0.001). This is consistent
with the results obtained by Markham et al.'"! Koizumi
et all® who used KI/SDF as a pretreatment,
Kucukyilmaz et al.*® who used SDF and ammonium
hexafluorosilicate on intact and demineralized dentin and
Lutgen et al. who pretreated sound dentin.?” In contrast,
Favaro et al.”? and Quock et al.? found no negative
impact of SDF on composite micro-shear bond strength
and micro-tensile bond strength, respectively. Pérez-
Hernandez et al.”? even observed improved retention of
fissure sealants when applied after SDF treatment. These
conflicting results can be attributed to the inherent

differences between enamel and dentin, resulting in
distinct effects of SDF and etching on each substrate.

The reaction of SDF with hydroxyapatite forms a silver
phosphate (Ag3PO4) layer,” and the pretreatment
causes silver particles to obstruct the dentinal tubules.!
This impermeable layer and the inter-tubular precipitate
act as a barrier, hindering the intimate resin impregnation
needed for an optimal hybrid layer, thereby affecting the
shear bond strength (SBS) of the composite resin.[**!
Additionally, considering that SDF is highly alkaline (pH
10-12.5),”% it serves as both physical and chemical
barrier to adhesion, which requires a dry, acidic
environment to facilitate adhesive resin bonding.”

Several in-vitro studies have explored the impact of SDF
on the bond strength of restorative materials. Zhao et al.
demonstrated that pre-treatment with SDF did not impair
the adhesion of glass ionomer cement (GIC) to caries-
affected dentin.!  Likewise, Wu et al. found that
applying 38% SDF on primary dentin did not impact the
bond strengths of composite resin to sound primary
molars.?® On the contrary, Sa'ada et al. found that pre-
treating sound primary dentin with SDF significantly
enhanced the shear bond strength (SBS) between resin-
modified glass ionomer cement (RMGIC) and primary
dentin.?! Frohlich et al., in their systematic review,
indicated that the impact of SDF on dentin bonding
varied depending on the material used: they found no
effect on the adhesion of glass ionomer cement (GIC),
but they observed a significant decrease in bond strength
when adhesive systems were used./?® Aboulsaood et al.
demonstrated in their study that postponing the
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application of composite resin for one week after
pretreatment resulted in a significant enhancement in
shear bond strength (SBS) compared to immediate
application after pretreatment. This improvement is
likely due to silver ions penetrating deeper into the
dentinal tubules during this time interval. Silver ions
inhibit matrix metalloproteinases (MMPs) and cysteine
cathepsin enzymes, which degrade dentinal collagen
matrix proteins, thus preventing bond loss. The
remineralizing and inhibitory properties of SDF suggests
that further extending the time interval may enhance the
SBS of composite resin.*!

In this study, various concentrations of SDF, namely
38%, 30%, and 12%, were utilized. Clinical research has
confirmed the efficacy of the 38% concentration in
preventing and stopping early childhood caries (ECC).
However, because the 38% concentration contains a high
fluoride content of 44,800 ppm, which increases the risk
of dental fluorosis, lower concentrations of 30% and
12% have been introduced to reduce such
complications.*

The results of this study shows that the mean difference
of SBS (MPa) between 38% and 30% SDF is not
significant. But, on comparing 38% and 30% with 12%
SDF the results significantly deteriorated. However, on
comparing with control group, all the concentrations
shows a significant drop in shear bond strength. Which
suggest that the application of Different concentrations
of SDF to dentin immediately before composite resin
restoration adversely affects shear bond strength.
Therefore, SDF pretreatment one week prior to
composite resin restoration is can be done to minimize
the risk of bonding failure. Moreover, Further studies are
necessary with 30% and 12% concentrations of SDF, as
the supporting evidence for these concentrations is
currently insufficient. Based on the findings of this
study, null hypothesis was rejected.

The main limitation of this study is that SDF is mainly
used in primary teeth. However, in this study, permanent
premolars were used instead of primary teeth. The
differences in the dentinal tubules’ structure may also be
a factor affecting the action of SDF on the natural tooth
and the subsequent restorative material. Another
limitation could be that the bond strength of teeth
affected by clinical caries may differ from artificially
induced caries. However, despite these limitations, the
findings of this study can provide valuable insights for
ongoing research investigating the impact of SDF pre-
treatment on the physical properties of dental materials.

CONCLUSIONS

Within the limitations of this in-vitro study, it can be
concluded that the application of Silver Diamine
Fluoride to dentin immediately before composite resin
restoration adversely affects Shear bond strength.
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