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Abstract

Objectives: The present investigation aimed to evaluate the effect of Silver Di-
amine Fluoride (SDF) treatment, with or without subsequent application of
fluoride varnish followed by light curing, on the depth of SDF penetration into
the dentinal tubules of primary carious teeth. Materials and Methods: Fifty
extracted carious primary molars were sectioned into halves, with each section
containing carious dentin. These sections were randomly divided into four
groups: Group A—application of SDF only; Group B—SDF followed by light
curing for 20 seconds; Group C—SDF followed by 5% fluoride varnish with-
out light curing; and Group D—SDF followed by fluoride varnish with light
curing for 20 seconds. Penetration depth was measured using a high-resolu-
tion microscope at specific sites on each sample both before and after the ap-
plication. The data were analyzed using ANOVA. Results: The results indi-
cated no significant difference in SDF penetration depth with or without light
curing, suggesting consistent efficacy in penetrating dental tissues. Similarly,
the addition of fluoride varnish did not significantly alter penetration depth,
regardless of light curing. Conclusion: Light curing or adding 5% fluoride var-
nish did not significantly influence the depth of the SDF penetration into the
carious dentin of primary molars.

Keywords

SDF, Dental Caries, Fluoride Varnish, Primary Teeth, Silver Diamine
Fluoride

1. Introduction

Since its introduction in Japan during the 1960s, Silver Diamine Fluoride (SDF)
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has progressively gained recognition for its dual action in arresting dental caries
[1]. The silver component of SDF exhibits antimicrobial properties, inhibiting
biofilm formation and eliminating cariogenic bacteria. Additionally, the fluoride
component facilitates the remineralization of tooth structures and reduces the po-
tential for future demineralization [1].

Silver Diamine Fluoride (SDF) was introduced in the United States in 2014
when the U.S. Food and Drug Administration approved its use for treating adult
dentin hypersensitivity. Despite being used in other countries for decades, it only
recently became available in the U.S. [2]. It is currently being used off-label [3] in
the US for arresting caries, with this use also being present in Argentina, Australia,
Brazil and China [4]. In a study by Horst et a/, five indications for the use of SDF
were identified: extreme caries risk, challenges related to medical or behavioral
management, patients with multiple carious lesions that cannot be treated in a
single visit, difficult-to-treat carious lesions, and patients without access to dental
care. SDF has demonstrated effectiveness in both primary and permanent denti-
tions, making it particularly valuable in pediatric and geriatric populations [5].
These are groups where a conventional restorative approach may be challenging.
The SDF application approach allows for a simple and cost-effective strategy for
the management of carious lesions.

SDF is presented in different concentrations, and it was recommended to be
applied biannually. The biannual application of a 38% SDF solution was more
likely to arrest advanced cavitated lesions in primary teeth than both the annual
application of 38% SDF and the biannual application of a 12% SDF solution [6].

Even with its remarkable benefits, concerns regarding potential adverse effects
of SDF remain. Issues such as tooth staining and soft tissue irritation have prompted
ongoing research endeavors to optimize SDF formulations and application tech-
niques. Additionally, emerging studies exploring novel adjunctive therapies, com-
binatorial approaches, and application techniques are being explored in order to
enhance the therapeutic outcomes of SDF.

In addition to SDF, the application of 5% Sodium Fluoride (NaF) varnish on
the area of the tooth treated with SDF has been shown to increase the rate of caries
arrest [7]. They saw an increase in the rate of caries arrest in pediatric teeth from
73.2% up to 77.7% after the NaF varnish application. NaF can help with the re-
mineralization and cessation of the caries growth through two main mechanisms.
First the NaF helps to more rapidly grow Fluorapatite crystals on the surface of
the tooth through drawing in Ca ions for crystal formation [8]. In addition to this
fluoride can become harmful to bacteria in the acidic environments they produce
through entering the bacteria and inhibiting metabolic functions [9]. Both of these
are benefits seen after carious activity has begun. This is also of importance since
research by Clemens et al has shown that SDF SDF provides a simple and highly
effective nonsurgical alternative to traditional restorative dental treatment for
young children. It holds significant potential to help the dental public health com-
munity address dental caries in at-risk populations [10]. NaF varnish in addition

to the SDF increases the chances of remineralization of both the enamel and the
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dentin. Finally, the addition of the 5% NaF varnish acts as a barrier for the recently
placed SDF. The SDF solution has greater success with increased contact with the
tooth. Saliva can dilute the solution leading to decreased outcomes, but also un-
wanted staining of other oral tissues from the solution spreading. It additionally
acts to cover the foul, bitter taste that is associated with the treatments [11] [12].
This can help increase patient acceptance of future applications, since repeated
applications are necessary.

The use of LED curing lights after application of SDF have led to changes in the
success of the SDF penetration [13]. With or without these additional interven-
tions the SDF was able to penetrate into the carious tooth structure. Other studies
have shown that the presence of SDF alone increases the hardness of the treated
dentin [14]-[16]. Toopchi et al [13] found that following the dental curing the
SDF led to increased silver precipitation into the infected dentin 2.6 times greater
than if the dental curing light had not been used. Additionally, they found that the
dentin hardness was 26% greater than the control in the areas that had the curing
light. Additionally, NaF varnish is often placed over areas of SDF application, but
this technique is not standardized. The technique was evaluated to assess potential
treatment outcome benefits instead of the compliance factor for which it is often
attributed. Incorporating light curing and fluoride varnish application with SDF
has been proposed to enhance its therapeutic efficacy. This approach may improve
fluoride uptake, minimize discoloration, and promote the formation of a more
durable protective layer, thereby optimizing clinical outcomes. The aim of this
investigation is to evaluate the effect of SDF treatment, with and without subse-
quent application of fluoride varnish and light curing, on the depth of SDF pene-
tration into the dentinal tubules of primary carious teeth. The aim of this investi-
gation is to assess the impact of SDF treatment, with and without subsequent flu-
oride varnish application and light curing, on the depth of SDF penetration into

the dentinal tubules of primary carious teeth.

2. Materials and Methods

The calculated sample size for this study was 40 teeth, determined based on a sig-
nificance level (a) of 0.05, a statistical power of 80% (f = 0.2), and data derived
from a previously published reference study [17]. The sample size was increased
to 50 teeth to compensate for loss or fractures. Fifty extracted primary molars with
cavitated carious lesions were collected from pediatric clinics at the University of
Nevada, Las Vegas. Only teeth exhibiting visible cavitation due to caries were in-
cluded in the study. The teeth were thoroughly cleaned to remove any residual
tissue or debris. Prior to experimentation, the teeth underwent sterilization ac-
cording to standard protocols. Before sectioning, the teeth were disinfected and
stored in artificial saliva (Pickering Laboratories, CA, USA). The 50 teeth were
sectioned into halves using a water-cooled diamond bur, ensuring that each sec-
tion contained carious tissue, thereby providing a consistent basis for comparative

analysis (Table 1).
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Table 1. Examined materials that were applied over the carious lesion.

Materials Brand Composition Lot Number

. 35% - 40% Silver Fluoride,
SDI RivaStar

SDF . 15% - 20% Ammonia, 11731571
(Bayswater, Australia) .
Balanced with water

Young D-Lish 10% - 25% Ethanol
Fluoride Varnish  (Algonquin, Illinois) ? 0, > 2314579
2.5% - 5% Sodium Fluoride
Green Apple, 0.4 mL

SDF penetration depth was measured both before and after treatment applica-
tion using a digital microscope (VR-3100; Keyence, Japan) at standardized, pre-
determined locations. These locations were selected at fixed distances from the
cavity margin, ranging from 250 um to 650 um depending on the extent of the
carious lesion, to ensure consistency across all samples. For each specimen, meas-
urements were taken at two equidistant points along the longitudinal section, and
the average value was calculated. Following the initial measurements, the same
halves of the teeth in Groups B and D were immediately light-cured for 20 seconds
using a VALO LED curing light (Ultradent, UT, USA), which emits high-inten-
sity, multiwavelength light in the 385 - 515 nm range. SDF penetration depth was
then reassessed at the same marked locations. Figure 1 has been added to illustrate
the measurement protocol and standardization of measurement sites. SPSS 24
(SPSS, IBM) was used for statistical calculations. Analysis of the data was per-
formed using analysis of variance (ANOVA) to detect changes between the groups

and within the groups.

Post application Post light curing

Group Pre-application
Group A . ;

No light curing was
conducted for this group

Group B

Group C No light curing was
conducted for this group

Group D

Figure 1. All examined groups pre and post treatments.
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3. Results

All treatment groups were assessed for the depth of penetration of SDF into cari-
ous primary molars. The results showed no significant difference in the depth of
SDF penetration pre- and post-light curing. Similarly, there was no significant
difference in penetration depth when SDF was combined with fluoride varnish,
whether or not light curing was applied. High-magnification imaging of the sam-
ples post-treatment, using the VHX 7000N Digital Microscope (Keyence, Japan),
revealed the presence of SDF within the dentinal tubules (Figure 2).

Figure 2: Treatment groups under higher magnification (200 - 1000 pm, using VHX-7100
Camera, E20, E100, E500 Lenses Keyence, USA). *(a) SDF only; (b) SDF + cure; (c) SDF +
varnish; (d) SDF + varnish+ cure.

4. Discussion

Evidence suggests that SDF is highly effective in managing caries in both primary
and permanent dentitions [5]. Recently, there has been an interest in the use of
light-curing with SDF to enhance its penetration into the dentin and increase the
hardness of dentin in carious teeth. The observed increased hardness of the dentin
following the light-curing may offer significant benefit justifying its use.

Clinical observations and subjective evidence suggest that the use of curing light
after drying appears to improve caries arrest in posterior areas not exposed to
natural light, as light-cured surfaces immediately darken, and dental light curing
has been associated with increased precipitation of silver ions in the infected den-
tin layer of the carious lesion. Light exposure significantly accelerates the rate of
color change in dentin treated with SDF [2] [13] [17]-[19]. However, this might
indicate that the dental curing light does not significantly penetrate the deeper

layers of the carious lesion beyond the surface layer of the infected dentin.
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The dark coloration of the infected dentin may have limited the penetration
depth of the curing light. Since dental light curing accelerates the reduction of the
silver solution, omitting the curing light could allow more time for the solution to
penetrate the carious lesion, releasing ions more gradually before reduction oc-
curs. It has been reported that light curing triggers the precipitation of silver ions
into metallic silver. The silver ions in SDF partially bind with specific amino acids
in the collagen of exposed dentin and are subsequently reduced to metallic silver.
This process significantly impacts the color of the dentin, leading it to darken or
turn black following the application of SDF. The increase in silver particle size is
associated with this darkening of color [19]. It is important to note that the pene-
tration depth observed in ex vivo studies may overestimate the actual depth of
penetration in clinical settings. This discrepancy is likely due to sample dehydra-
tion and the absence of outward positive pressure in non-extracted teeth [20].

Previous studies have demonstrated that when light curing is applied to SDF,
as opposed to SDF alone, there is a marked increase in dentin hardness beneath
the carious lesion [13] [19] [21]. The dentin hardness increase is likely due to the
silver high polarizing capacity, that contributed for well-built bonding to oxygen,
sulfur and phosphate groups resulting in silver oxide, silver sulfide, and silver
phosphate after disclosure of light [21]. The enhanced dentine hardness suggests
a stronger and denser tooth structure within the carious lesion, that may help to
prevent further advancement of decay [2].

A recent systematic review found that silver ion precipitation in SDF with light
curing was significantly higher in the infected dentine compared to SDF alone,
with no differences observed in affected or sound dentine. It is possible that the
accelerated reduction of silver ions caused by light curing does not allow sufficient
time for penetration into the deeper layers of the carious lesion, resulting in less
penetration depth and increased silver precipitation in the infected dentine [22].

In the current investigation, the depth of SDF penetration into carious primary
molars remained consistent regardless of light curing. Statistical analysis revealed
no significant difference in penetration depth before and after curing, indicating
the efficacy and reliability of SDF treatment. This finding aligns with Lau ef al.
(2021), who concluded that there was no significant difference in silver penetra-
tion depth between groups treated with SDF alone and those treated with SDF
combined with light curing in non-carious primary molars in an in vitro study
[23]. However, the differing results concerning SDF penetration into carious den-
tine may be attributed to variations in sample preparation, dehydration, the type
of teeth used in the studies, and the extent of demineralization [17].

NaF varnish is known for its ability to remineralize enamel caries, while silver
diamine fluoride (SDF) is effective in arresting dentine caries [7] [24]. Conse-
quently, the combination of these agents may enhance the caries arrest rate across
different stages of caries progression. Applying NaF over SDF could also prolong
the contact time of SDF with the carious lesion, reducing the impact of oral envi-

ronmental factors such as salivary flow [12]. This approach has been shown to be
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particularly effective in achieving a higher caries arrest rate in moderate carious
lesions [16].

The present investigation’s results indicated that the application of NaF varnish
did not significantly change the penetration depth of SDF. The penetration was
assessed based on visual changes in color and surface roughness observed under
a microscope at 50x magnification. Adding fluoride varnish to SDF treatment did
not significantly alter the penetration depth into dental tissues. Before and after
light curing, fluoride varnish did not result in notable changes in penetration
depth when compared to SDF treatment alone. While this study provides valuable
insights, further research is warranted to investigate additional factors that may
influence the interaction between SDF, fluoride varnish, and light curing. A key
limitation of the present ex vivo study is the lack of information regarding the
patients from whom the extracted primary teeth were obtained. Moreover, as an
in vitro investigation, it does not fully replicate the complexities of the oral envi-
ronment. Therefore, long-term clinical studies are essential to evaluate the dura-
bility of SDF treatment outcomes and to identify any potential adverse effects,

which are critical for informing evidence-based clinical practice.

5. Conclusion

Within the limitations of this study, it can be concluded that the depth of silver
diamine fluoride penetration into carious primary molars was not significantly
affected by the use of light curing, whether applied to SDF alone or in combination
with fluoride varnish. These findings suggest that the use of additional steps such
as light curing or varnish application may not be necessary to enhance SDF effi-
cacy in terms of dentin penetration. This has important clinical implications, par-
ticularly for pediatric dentists and practitioners in public health settings, where
simplifying treatment protocols can improve efficiency, reduce costs, and increase

access to care for underserved populations.
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