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Comparative Evaluation of Salivary Fluoride Concentration
after Topical Application of Silver Diamine Fluoride and
Sodium Fluoride: A Randomized Controlled Trial
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A b s t r ac t
Background: The topical fluoride acts on the tooth in many ways and their most important action is inhibition of demineralization and
enhancement of enamel remineralization.
Aim: The purpose of this clinical trial was to assess the fluoride concentration in saliva before and after 38% silver diamine fluoride (SDF) and 5%
sodium fluoride (NaF) application on enamel and duration of its availability at different time intervals.
Methodology: A randomized clinical trial was conducted among 40 healthy children aged between 6 and 12 years. The participants were
then randomly allocated into two different groups in which the first group (group I) was given 30% SDF and the second group (group II) were
topically applied with 5% NaF solution. The fluoride concentration was measured in the salivary samples, which were collected at three time
intervals, that is, at baseline (S1), 2 hours (S2), and 24 hours (S3) after application. Analysis of variance (ANOVA) test was used for evaluation and
independent paired t-test was conducted for comparison between groups.
Results: When using an ANOVA with repeated measures with a Greenhouse–Geisser correction, the mean scores of fluoride concentration were
statistically significantly different at different time intervals for both NaF (F = 20.854, p < 0.0005) and SDF (F = 22.746, p < 0.0005).
Conclusion: The present trial concluded that topical fluoride application increases fluoride bioavailability in saliva thereby increasing tooth
remineralization. A steep rise in fluoride concentration was observed shortly post-SDF application at 2 hours and 24 hours time interval emerging
a need for further research into the field of fluoridation with SDF.
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Introduction

1

The role of the fluoride agents for topical professional applications is
well established. The topical fluoride acts on the tooth in many ways
and their most important action is inhibition of demineralization
and enhancement of enamel remineralization.1,2 At the neutral
pH ecological balance is well maintained by the virtue of
salivary fluoride which is present in saliva in approx. amounts
of 0.01–0.08 ppm.3,4
However, pH changes may disrupt this balance making the
enamel vulnerable to demineralization. This situation poses an
excess demand of fluoride to promote the remineralization. Hence,
there is a need for retention of constant concentration of fluoride
in oral environment for the prevention and reversal of early dental
caries. Frequent use of fluoride agents for topical application
(gels, solutions, and varnishes) may increase the bioavailability of
fluoride ions in saliva but unfortunately it is short lived and does
not provide complete protection, especially in high risk patients.
Fluoride has multiple ways of application and agents in
preventive dentistry which can be delivered as topical (as in,
gels, foams, silver fluoride, and fluoride varnish) or systemic (as
in community water fluoridation) and self-administered (such
as toothpastes and mouth rinses) and we can ignore the fact
that fluoride transmission through topical or systematically and
aim to deliver it to the oral cavity, so that it can play a role in
caries control. 5 Topical fluorides such as NaF varnish are used as
preventive reagents due to their antimicrobial and remineralization

abilities.6 Food and drug administration (FDA) approved SDF in
2014 for treating tooth sensitivity with an off-label use in caries
treatment and prevention and also approved the marketing of SDF
along with potassium iodide (Riva Star, SDI Limited) in the year 2018.7
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Salivary Fluoride Retention
SDF is a novel fluoride agent which is an alkaline, colorless
solution, 38% weight/volume. Its main components are fluoride
(44,800 ppm) and silver, along with ammonia which forms a highly
stable silver halide complex.8 On interaction with hydroxyapatite
crystals, fluoride ions react with free calcium leading to the
formation of calcium fluoride (CaF2) and silver phosphate. Calcium
fluoride forms a reservoir of fluoride ions for the formation of
fluorapatite.
A study by Chu et al. described the ability of 38% SDF to
inhibit demineralization and promote preservation of collagen of
demineralized dentine by forming a protective layer on and within
the dentinal tubules in vitro.9 It is also suggested that SDF might
be an effective preventive protocol and potentially a replacement
of the commonly used NaF. This, however, requires a further
assessment of clinical efficacy of each reagent in management
of dentine caries especially in childhood as dental caries is more
common among the young aged children. Thus, keeping this in
mind the present clinical trial was conducted to assess the fluoride
concentration available in saliva following professional application
of 38% SDF and 5% NaF and the duration of its availability in saliva
at different time intervals.

M e t h o d o lo g y
A double blinded randomized clinical trial was conducted among
40 healthy children aged between 6 and 12 years in the Department
of Pedodontics and Preventive Dentistry in accordance to the
ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments. CONSORT guidelines for planning and
reporting clinical trials were followed during the different stages
of the study (Fig. 1).

Ethical Approval and Trial Registration
Ethical approval was obtained from the institutional review board
(STP/SDMDS2015PED42D) and the trial was registered prospectively
with the Clinical Trial Registry of India at http://ctri.nic.in on 15th
December 2020 (REF/2020/12/ 038,731) prior to conduct of the study.

Informed Consent
Verbal as well as written informed consent was obtained from
parents or caretakers of the children who participated in the study
prior to the clinical procedure. Also, they were duly informed about
the nature of study and written instructions along with study
schedule were handed over to them.

Inclusion and Exclusion Criteria
The study participants with any medical history were excluded and
only participants with sound teeth, good oral hygiene, and normal
salivary rate (0.25–1.0 mL/min) were included in the study.
The sample size was determined considering the result of pilot
study conducted on nine subjects with a power level of 80% in
detecting the true statistical significance among the two groups.
A total of 105 children were examined out of which 40 children
fulfilled the inclusion criteria. The participants were clinically
examined by a single examiner with the help of a mouth mirror and
an explorer. Participants were instructed to avoid fluoride-rich diet
and use of fluoride dentifrice was restricted during the study period.

Randomization
A computer-generated randomization method was used to allocate
the selected tooth into two groups. The allocation concealment
of the participants was based on SNOSE concealment using
opaque sealed envelopes (sealed sequentially numbered envelops

Fig. 1: CONSORT flowchart followed during different stages of the randomized controlled trial
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irreversibly) containing codes. The first group (n = 20) was given a
topical application of 38% SDF (Fagamin TM) whereas the second
group (n = 20) was given 5% NaF (TM) solution.

Clinical Evaluation
The salivary samples were collected from the study participants
during morning hours in the department. They were instructed to
have an early morning breakfast that day, to maintain a specified
gap of 90 minutes prior to collection of samples. This time gap was
ensured to avoid any influence of food consumption on the salivary
composition. Saliva sampling was planned between 9 and 10 a.m.
in the morning to minimize the effect of diurnal variation. Oral
prophylaxis was done for all participants before the application of
topical fluoride agents. Participants were made to sit in an erect
position and each was handed over a sterile container for saliva
collection. Saliva samples were collected from each participant
at three intervals. The first sample was collected at baseline
for which participants were instructed to spit for 2 minutes in
sterile containers.
After collection of baseline samples preparation for topical
application was initiated. Oral cavity was isolated by cotton rolls
and saliva ejector. Both SDF and NaF were applied on all teeth for a
period of 4 minutes by the applicator tip as per the group division.
After application the dental surfaces were cleaned with gauze in
order to prevent the swallowing of any residual topical agent. The
participants were instructed not to consume food and beverages
for 2 hours after the fluoridation. After 2 hours they were asked to
spit for 2 minutes in sample collection containers for the second
saliva sample collection. The participants were then further called
after 24 hours for the third saliva sample collection.

Fluoride Estimation
The concentration of fluoride in saliva was determined with a
fluoride-selective electrode. The fluoride concentration was
measured in the salivary samples which were collected at three
time intervals, that is, at baseline (S1), 2 hours (S2), and 24 hours
(S3) after application.

S tat i s t i c a l A n a lys i s
The values of fluoride levels were obtained from lab and were
tabulated accordingly. These numerical data were later subjected
for statistical analysis using SPSS software. The mean values and
ANOVA test were used for evaluation of the data. Comparative
testing between the groups were done using the independent
paired t-test.

R e s u lts
The present clinical was undertaken to know the salivary fluoride
concentration of the participants who reported to the Department
of Pedodontics and Preventive Dentistry. Forty study participants
were recruited in the study and were randomly assigned into two
different groups each comprising of 20 participants. After normality
testing was conducted, comparative tests were performed between
the groups using the independent sample t-test. The mean values of
salivary fluoride concentration of both the groups at three different
time intervals, that is, at the baseline (S1) prior to the application of
fluorides and postapplication at 2 hours (S2) and 24 hours (S3) time
interval are depicted. The fluoride concentration is comparatively
slightly higher for the group receiving NaF (533.80 ± 27.72) than SDF
(529.20 ± 27.84) at baseline, 2 hours later (NaF = 552.30 ± 33.99) (SDF
= 548.35 ± 29.50), and 24 hours time interval (NaF = 513.65 ± 28.74)
(SDF = 509.20 ± 32.78) but is not statistically significant (Table 1).
The intragroup comparison between the two groups of mean
fluoride concentration at different time intervals, that is, baseline,
2 hours, and 24 hours interval is described in Table 2. When using
an ANOVA with repeated measures with a Greenhouse–Geisser
correction, the mean scores of fluoride concentration were
statistically significant at different time intervals for both NaF
(F = 20.854, p < 0.0005) and SDF (F = 22.746, p < 0.0005) (Table 2).

Discussion
The present study investigated the retention of fluoride in saliva
by measuring its fluoride concentration at different time periods
after SDF application on sound tooth enamel. Since the discovery

Table 1: Comparative evaluation of salivary fluoride concentration of both groups at three time intervals at baseline (S1), 2 hours (S2), and
24 hours (S3) after application
Independent sample t-test

Group

Fluoride concentration
Mean ± SD

p-value

Significance

Baseline

NaF
SDF

533.80 ± 27.72
529.20 ± 27.84

0.604

NS

2 hours

NaF
SDF

552.30 ± 33.99
548.35 ± 29.50

0.697

NS

NaF

513.65 ± 28.74

0.651

NS

SDF

509.20 ± 32.78

Time

24 hours
NS, not significant; SD, standard deviation

Table 2: Intragroup comparison of salivary fluoride concentration at three time intervals at baseline (S1), 2 hours (S2), and 24 hours (S3) after
application of both the groups

Group

Mean fluoride
concentration
Baseline
Mean ± SD

Mean fluoride
concentration
2 hours
Mean ± SD

Mean fluoride
concentration
24 hours
Mean ± SD

NaF

533.80 ± 27.72

552.30 ± 33.99

SDF

529.20 ± 27.84

548.35 ± 29.50

Repeated measures ANOVA with
Greenhouse–Geisser correction
p-value

Significance

513.65 ± 28.74

0.000

Significant

509.20 ± 32.78

0.000

Significant
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of its anticariogenic potential, fluorides have been considered the
forefront of preventive dentistry. SDF has been widely used as
antihypersensitivity agent and for caries arrest for over two decades.
It has been further proposed for complex-to-treat carious lesions
and to treat high probability of caries risk patients. It can add as
a boon to those with medical or behavioral complications, those
needing numerous treatment visits, and the ones without access
to dental care.10
The high fluoride content of SDF renders it with a great
potential for remineralization. Application of SDF increases the
microhardness by facilitating the penetration of fluoride ions
to a depth of 50–100 μ.11 However, literature lacks in evidence
showing its role as remineralizing agent and studies researching
its caries preventive action is scarce. This action was attributed
to its prolong retention in saliva due to the formation of silver
halide complex which is more stable. Although topical application
of conventional fluorides like NaF supports remineralization
process but their sustenance in saliva is for shorter duration
unlike SDF 38%. It was stated that the bioavailability of fluoride in
saliva depends on several factors like dietary fluoride intake, rate
of salivary secretion, and use of fluoridated products.12,13 Thus,
patients were instructed against the intake of fluoride rich
food/beverages and use of fluoride dentifrice was forbidden.
This was done to ensure that saliva does not get fluoride from
any additional source and the fluoride concentration is purely
attributed to topically applied fluoride. In the present study,
the concentration of fluoride in saliva after SDF application was
calculated at different time intervals and was compared with
baseline measurements. SDF contains 24.4–28.8% silver and
5.0 –5.9% fluoride, containing 55,800 ppm fluoride ions;
249,000 ppm silver ions; and pH of 10.2. 8,14 In this study,
unstimulated saliva was used instead of stimulated saliva since
that would increase the rate of F clearance from the oral cavity,
also artificially lowering the F levels in subsequent samples
which is similar to a study done by Vincent and Thomas.14 SDF
application will lead to CaF2 layer formation on the enamel
surface, and this CaF2 layer will later release bioavailable fluoride
ions.15 The present study results showed that the average salivary
fluoride concentration at baseline was 533.80 ± 27.72 for NaF
and 529.20 ± 27.84 for SDF. An overall comparison showed a
significant difference in fluoride levels at all time intervals among
the groups. A steep rise in fluoride concentration was observed
shortly post-SDF application at 2 hours and 24 hours time interval.
The constant presence of fluoride in saliva aids in replenishing
the net mineral lost from tooth surface due to pH changes in oral
cavity.16,17 This presence can be ensured by using SDF, which is a
novel fluoride agent. The time effect plays an important role in oral
bioavailability of fluoride.18 It was suggested that the presence of
ammonia in SDF stabilizes the fluoride in solution for extended
periods, thereby increasing its bioavailability. The present study
results were in accordance with this fact. A previous study, showed
that fluoride concentration returned to initial level 1 hour after
SDF application, while in our study the levels remained elevated
up to 2 hours.
Results from another study showed that fluoride concentration
returned to initial levels after 6 hours. The present study results
are in accordance to previous studies and support the hypothesis
that topical fluoride application increases fluoride bioavailability
in saliva thereby increasing tooth remineralization.19 In the present
study, SDF was applied to healthy enamel, which is free of caries
and has no dentin exposed.
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Although SDF has remarkable benefits when used as a
preventive agent, however, it does have minor side effects like
the staining of lesions. The color changes where silver tarnishes
to black is an index of the effectiveness of the treatment, it
indicates success and all lesions that are completely black are
apparently arrested. Some lesions that are arrested do not
turn entirely black, but this is fairly obvious from the shiny
dentin; all demineralized (carious) or hypomineralized dentin
or enamel will stain black. Parents and caregivers generally do
not object to the stains in primary teeth when the treatment
is explained and the alternative is operative treatment.19 The
carious dentin is hardened by the treatment to twice normal
dentin hardness. 20,21 Application is simple (dry and apply), such
that any dental or medical provider can provide the treatment.
Nurses and hygienists who can provide care at remote sites such
as schools or nursing homes should be encouraged to adopt SDF
to manage dental caries lesions. This can lead to an effective
monitoring and low economic cost that can commensurate with
fluoride varnish.
The present study has some limitations as well which might
be the small number of subjects due to time constraints. Apart
from that capacity of unstimulated saliva was examined in the
present study. Although unstimulated saliva represents the state
of saliva daily, its collection consumes more time and its viscosity
makes it more difficult to examine. SDF application can increase
fluoride concentration in saliva, which in turn can inhibit the
tooth demineralization process. In the present study, SDF was
applied to healthy enamel, which is caries free and has no dentin
exposed. This may be a limitation of this study as SDF is best
recommended for at-risk caries treatment, treatment in which
subjects cannot medically or psychologically tolerate standard
treatment, carious lesions that are difficult to treat, and subjects
with dentin hypersensitivity. However, the application of SDF in
healthy subjects is sufficient to demonstrate the purpose of this
study, which was to measure increases in fluoride concentration in
saliva. Thus, further studies are needed to be done in this prospect
to throw more emphasis on SDF and its effective quality to inhibit
demineralization and thereby dental caries.
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