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Abstract:
Dietary sugars, dental biofilm, and the host interact simultaneously within the framework of the oral environment to

cause the multifactorial illness dental caries. Comprehensive literature search utilizing the electronic databases
PubMed and Embase for relevant English-language publications published up until the middle of 2022. Fluoride
treatments applied directly to dental plaque lowered acid production. In addition, the dissolution of fluoride from
enamel treated topically decreased the acid production of oral bacteria in vitro. The benefits are transient and may
not be relevant to caries prevention in vivo. Therefore, daily fluoride applications can reduce the acidogenicity of
tooth plaque even 8 to 12 hours after treatment. This decrease will likely aid to caries prevention.
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INTRODUCTION:

Early childhood caries (ECC) is the occurrence of
decaying, missing, or repaired primary teeth in
children under the age of six. ECC is one of the most
prevalent chronic childhood disorders worldwide,
affecting up to 73% of children from disadvantaged
socioeconomic backgrounds [1]. The treatment of
young children has proven difficult due to the need for
advanced clinical skills and expensive general
anesthesia for patient management [2]. A carious
lesion that is left untreated can grow, produce
discomfort, and become a tooth abscess, resulting in a
severe infection [3]. ECC treatments differ from adult
treatments in that an atraumatic approach for children
can halt the advancement of caries, allowing the
stalled rotten tooth to exfoliate prior to producing oral
pain [4]. Silver diamine fluoride (SDF) is a topical
fluoride solution for age-related dental cavities in men.
Clinical studies [2,5] indicate that 38% SDF reduces
and arrests coronal caries in preschoolers. According
to a systematic evaluation, 81% of active caries lesions
in ECC were halted following SDF treatment [6].
Diverse mechanisms of action have been postulated to
explain the promising caries-preventing effectiveness
of SDF. Some researchers hypothesized that SDF
hardens a caries lesion by recovering calcium and
phosphate from saliva, and that it inhibits collagenases
such dental MMPs and cathepsins to prevent dentine
collagen breakdown [7].

Fluorides serve an important function in preventing
and controlling tooth cavities. In the middle of the last
century, it was widely believed that fluoride had to be
absorbed into dental enamel during its formation in
order to exhibit its full protective impact. In order to
reduce the incidence and severity of caries in
youngsters, it was deemed necessary to have a certain
prevalence and severity of fluorosis in a community.
In the 1980s, a paradigm change was proposed [8]
regarding the cariostatic processes of fluorides. This is
because the major, if not sole, explanation for how
fluorides limit caries development is their topical
effect on the de- and re-mineralization processes that
occur between the tooth surface and the nearby dental
biofilm. This idea gained widespread acceptance
[9,10] and made it possible to provide substantial
caries prevention without significant fluoride
ingestion. With this in mind and being aware of the
growth in the prevalence of dental fluorosis in both
fluoridated and non-fluoridated locations, researchers
from around the world have focused on regulating
fluoride consumption [11]. In addition, SDF has
demonstrated potent antibacterial effects on particular
cariogenic biofilms inside mono-cariogenic species
biofilm [10] and multi-cariogenic species biofilm
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[11,12]. However, these investigations were
conducted on in vitro biofilm models, which are in no
way representative of the complex microbial
environment of the oral cavity. In comparison, the
biofilm in the human mouth consists of at least 700
species belonging to 30 different genera [13].

DISCUSSION:

After observing the short-term (2 weeks) and
intermediate (12 weeks) effects on microbiota
alterations, Chu et al. [14] reported effective caries
arrest following three administrations of SDF at 2-
week intervals. One drawback was that long-term
samples were not collected since the kindergarten 111
children graduated shortly after the three-month
follow-up. In addition, 16S rRNA gene amplicon
sequencing, an NGS application, gives only
information regarding relative taxon-specific gene
abundances. However, relative gene abundances are
frequently utilized to analyze the link between the
makeup of microbial communities and environmental
conditions [15].

The fluoridation of public drinking water is regarded
as one of the ten greatest public health achievements
of the 20th century [16]. Despite the availability of
other fluoride- containing products, water fluoridation
remains the most egalitarian and cost- effective
method of distributing fluoride to all members of most
communities, regardless of age, income, or
educational achievement. In addition, some data
suggests that water fluoridation may lessen the
disparity in dental health between social strata [16].
The average projected annual cost of water
fluoridation per person in the United States is only
about $0.72 [17]. Early in the 1940s, it was recognized
that approximately 10% of children in locations
naturally fluoridated at optimal levels (1.0 ppm) had
mild or very mild fluorosis of the permanent teeth,
compared to less than 1% in low-fluoride areas [18].

Included in a 2000 comprehensive analysis of 214
papers on water fluoridation were 88 studies on dental
fluorosis [19]. The scientists discovered a dose-
response  relationship  between the fluoride
concentration in drinking water and the incidence of
dental fluorosis. At a fluoride level of 1 ppm in the
drinking water, it was estimated that the prevalence of
any dental fluorosis was 48%, and that 12.5% of
exposed adults had dental fluorosis that caused them
aesthetic concern (moderate to severe). This is
significantly higher than the number reported by Dean
etal. [18] in 1942, who discovered essentially no cases
of moderate or severe fluorosis, but the data cannot be
directly compared due to the use of differing case
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definitions. When examining the effect of fluoridated
water on the prevalence of dental fluorosis in a
community, research that utilized breaks in water
fluoridation to measure dental fluorosis in distinct
birth cohorts are of particular relevance. Thus, Burt et
al. [20] studied the impact of an unforeseen 11-month
interruption in water fluoridation and concluded that
changes in fluoride exposure from drinking water
influence the prevalence of dental fluorosis. However,
in a later study [49], the prevalence of dental fluorosis
remained steady, despite a predicted increase in the
following cohort due to the reinstatement of water
fluoridation. Buzalaf et al. [21] examined the impact
of a seven-year break in water fluoridation on the
prevalence of dental fluorosis in a Brazilian city. The
prevalence of dental fluorosis was observed to be
lower in the permanent maxillary central incisors of
children who were 36, 27, and 18 months old when
water fluoridation was discontinued, compared to
those born 18 months after fluoridation was
discontinued.

A recent study evaluated the total daily fluoride intake
of 1- to 3-year-olds living in an appropriately
fluoridated environment from various dietary
components and toothpaste. Dentifrice containing a
standard concentration of fluoride accounted for an
average of 81.5% of the daily fluoride intake, whereas
water and reconstituted milk accounted for
approximately 60% of the total contribution of the diet
[22]. For 4- to 6-year-olds living in the same
community, however, the influence of fluoride
absorbed from toothpaste was less significant, and
water alone delivered an average of 34% of the
predicted daily fluoride intake from the diet, which
amounts to around 0.014 mg/kg [23,24].

Two studies have explored the changes in microbiota
following SDF therapy. Milgrom et al. obtained
plaque samples from three children before and 14 days
after application of 38% SDF in a clinical experiment.
RNA sequencing revealed that there are no consistent
changes in the relative abundance or diversity of
microorganisms associated with dental caries [25].
Mitwalli et al. examined the impact of 38% SDF on
the microbiota profile of root caries plaque [26].

Studies in the laboratory have demonstrated that
strains of this species can create lactic acid, which
causes dental caries. Streptococcus sobrinus is
likewise a lactate-producing species, although its
incidence is modest and it coexists with Streptococcus
mutans [27]. Streptococcus sobrinus was not detected
in either original caries lesions (T0) or arrested caries
following SDF treatment in the same trial. This aligns
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with Becker et al [27] findings, Streptococcus sobrinus
was surprisingly abundant in active caries following
SDF therapy. Lactobacillus sp., which have been
identified as secondary infections in deep carious
lesions, exhibited a similar tendency. The ability of
Lactobacilli to ferment a range of carbohydrates and
live in a low-pH environment is the defining
characteristic [28] of the caries paradigm. In cases of
active caries, SDF therapy raised the number of
Streptococcus mutans, Streptococcus sobrinus, and
Lactobacillus sp., making the remainder of the
treatment more difficult. Veillonella sp. is one of the
most common organisms found in saliva and dental
plague in ECC [28]. Veillonella and Streptococcus
mutans cause higher acid generation and
demineralization than Streptococcus mutans alone,
according to in vitro studies [29]. Veillonella
transforms lactic acid generated by other organisms
into propionic and acetic acids. The combination of
acetic and lactic acids exerts demineralizing actions
that are additive [30]. Additionally, by nitrate
reduction, Veillonella spp. prevent acid-producing
bacteria in caries. In acidic settings, a low nitrite
concentration (0.2 mM) can eradicate Streptococcus
mutans completely [31]. High quantities of Rothia sp.
have been recovered from ECC saliva samples [32],
but only a small number of writers have researched
this species, and its mechanism remains unknown.
Increases in acid-producing species may generate an
acidic microenvironment that inhibits or eradicates the
growth of acidophobic bacteria, hence reducing the
variety of the microbiota. Nonetheless, the
mechanisms of active caries following SDF treatment
require additional exploration [32].

The first method incorporating the use of fluoride for
caries management was the addition of fluoride to
public water supplies at regulated levels. The good
results of this measure led to the suggestion that
pregnant women take fluoride supplements to prevent
dental cavities in their progeny. Since the initial
cariostatic benefits of fluoride were noticed when this
element was ingested from "systemic" sources, from
the 1940s to the 1970s it was believed that fluoride's
cariostatic mechanism relied primarily on its uptake in
the enamel-forming process. This would result in the
production of fluorhydroxy apatite, a mineral phase
that is more resistant to dissolution in the future.
Ingestion of fluoride was seen unavoidable for this
goal, and dental fluorosis was deemed a required
danger in order to obtain the cariostatic effects of
fluoride [28,32].

In the 1980s, it was proven [30] that fluoride controls
caries lesion formation primarily by its topical action
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on demineralization and remineralization processes
occurring at the interface of the tooth surface and the
oral fluids. Elegant in situ research undertaken in
Scandinavia  contributed  significantly to the
development of this theory. In one of the trials, the
scientists placed human and shark enamel slabs in
detachable orthodontic appliances and covered them
with orthodontic bands to permit plaque accumulation.
Because shark enamel is constituted of practically pure
fluorapatite, it was utilized. Analyses using
microradiography demonstrated that carious lesions
developed on both substrates, but they were less severe
in shark enamel. When daily mouth rinse with 0.2%
NaF was employed on human enamel, the
investigators compared these results to those from
earlier investigations. They noticed that the mineral
loss in human enamel treated with a fluoride rinse was
less than that of shark enamel untreated [32].

Fluoride exerts its effects on oral bacteria by inhibiting
cellular enzymes directly (directly or in combination
with metals) or by increasing proton permeability of
cell membranes in the form of hydrogen fluoride (HF)
[30, 32]. According to the reaction H* + F~ HF, HF is
generated more easily under acidic conditions (pKa =
3.15), and it is more permeable to bacterial cell
membranes, allowing it to enter the cell. In the
cytoplasm, which is more alkaline than the outer
environment [31], HF dissociates into H* and F~. This
intracellular F~ inhibits glycolytic enzymes, resulting
in a reduction in glycolysis-derived acid generation. F~
in the cytoplasm also decreases cytoplasmatic pH
(which affects total glycolytic activity), influencing
both acid generation and acid- tolerance in S. mutans
[32]. F also inhibits cell membrane-associated H*-
ATPases due to the fact that expelled protons are
transported back into the cell, hence reducing H*
excretion from the cell.

CONCLUSION:

Fluoride primarily functions through topical
mechanisms, which include the inhibition of
demineralization at the crystal surfaces within the
tooth, the enhancement of remineralization at the
crystal surfaces (the resulting demineralized layer is
highly resistant to acid attack), and the inhibition of
bacterial enzymes. Understanding the mechanisms by
which fluoride promotes caries management is crucial
for maximizing the advantages of this element while
minimizing negative effects. Fluoride mostly prevents
dental cavities through its topical impact. Fluoride
present in low, sustained amounts (sub-ppm range) in
oral fluids during an acidic challenge is capable of
absorbing into the surface of apatite crystals, so
limiting demineralization. When the pH is restored,
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trace amounts of fluoride in the solution will render it
highly supersaturated with regard to
fluorhydroxyapatite, hence  accelerating  the
remineralization process. The mineral generated as a
result of the nucleating action of the partially dissolved
minerals will then preferentially contain fluoride and
reject carbonate, increasing the enamel's resistance to
future acidic challenges. Topical fluoride can also
offer antibacterial activity. In vitro, fluoride
concentrations as observed in dental plaque have a
biological effect on key virulence components of S.
mutans, such as acid generation and glucan synthesis,
although the in vivo ramifications of this are not yet
known.
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