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Abstract

Fluoride is a naturally occurring mineral long
recognized for its role in dental caries prevention. Its
incorporation into community water supplies, dental
products, and professional applications has been
supported by decades of evidence demonstrating its
effectiveness in enhancing enamel resistance,
promoting remineralization, and reducing caries
prevalence. Despite strong scientific consensus and
endorsement by major health authorities, persistent
myths and misinformation surround fluoride’s safety
and systemic effects. This article reviews the
biological mechanisms underlying fluoride’s
benefits, synthesizes current evidence from
PubMed-indexed research on caries prevention and
safety, and addresses common misconceptions. The
balance of evidence supports the safe use of fluoride
at recommended levels for oral health, with adverse
effects such as dental fluorosis being minimal and
generally cosmetic. This comprehensive overview
aims to inform clinicians, researchers, and public
health policymakers about the evidence base for
fluoride and clarify issues that often arise in public
discourse.

Fluoride Toothpaste for

Remineralization
How It Works and Its Benefits

I. Introduction

Fluoride (F7) is a halide ion present in
varying concentrations in water, soil, and many
foods. Its role in oral health emerged in the 20th
century when lower rates of dental caries were
observed in populations consuming water with higher
natural fluoride levels. This observation led to the
practice of community water fluoridation, now
recognized as one of the most impactful public health
interventions to reduce dental caries globally.

Fluoride operates via both systemic and
topical mechanisms. Systemic fluoride, present
during tooth development, becomes incorporated into

the forming enamel, rendering it more resistant to
acid attack. Topically, fluoride enhances
remineralization of early lesions, inhibits
demineralization, and interferes with bacterial
metabolism in dental plaque, slowing the progression
of caries. The ubiquity of fluoride in water,
toothpaste, mouth rinses, and professional
applications has contributed to significant reductions
in caries prevalence over the past decades.
Nonetheless, public debate persists regarding its
safety, potential systemic effects, and the risk of
fluorosis at higher exposures. This review evaluates
the evidence from PubMed-indexed research on
fluoride’s benefits, safety profile, and common
myths.

Health Benefits of Fluoride

II.  Mechanisms of Action
Fluoride strengthens dental enamel through multiple
pathways:

e Enhancement of remineralization:
Fluoride ions facilitate the redeposition of
calcium and phosphate into demineralized
enamel, forming fluorapatite, which is more
acid-resistant than hydroxyapatite.

e Inhibition of demineralization: Fluoride
reduces enamel dissolution at the tooth
surface during acid exposure.

e Antimicrobial effects: Fluoride disrupts
bacterial metabolism within dental plaque,
reducing acid production by cariogenic
organisms such as Streptococcus mutans.
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These mechanisms have been repeatedly described in
clinical and laboratory studies, reinforcing the
biologic plausibility of fluoride’s caries-preventive
effects.

II1.Benefits of Fluoride in Caries Prevention
A. Fluoride Toothpaste

Meta-analyses show consistent evidence for the
effectiveness of fluoride toothpaste in reducing caries
incidence across age groups.

e Walsh et al. (2019) found that fluoride
toothpaste significantly reduces dental
caries compared to non-fluoride toothpaste
in children and adults and that higher
fluoride concentrations confer greater
protection.

B. Community Water Fluoridation
Community water fluoridation remains a cornerstone
of public health dentistry:

e Pontigo-Loyola et al. (2024) provided an
overview of community fluoridation
methods,  showing  reduced  caries
prevalence in fluoridated communities.
Pediatr Rep. PMID: 38651460.

e  Water fluoridation has been associated with
a 25% reduction in caries in multiple
population studies and is endorsed by
numerous health agencies.

WATER
FLUORIDATION

C. Professional Fluoride Applications
Professionally applied fluoride, such as varnishes and
gels, offers additional protection:

e Dhanapriyanka et al. (2024) reported that
professional fluoride applications
effectively prevent and control -caries,
particularly in communities with higher
disease burden. J Public Health Dent.
PMID: 38623701.

e Bonetti & Clarkson (2016) described
fluoride varnish as an effective preventive
measure that can be easily implemented in
clinical settings. Caries Res. PMID:
27100219.

D. Fluoride Toothpaste in Early Childhood
Specific evidence exists for young children:

e Wright et al. (2014) demonstrated that
fluoride toothpaste is both effective and safe
for children under 6 when used
appropriately, reducing caries without
significant risk of adverse outcomes. J Am
Dent Assoc. PMID: 24487610.

IV.  Safety Profile and Potential Risks
A.Dental Fluorosis

The most common adverse effect of fluoride is
dental fluorosis, a hypomineralization of enamel
caused by excessive fluoride intake during tooth
development. Typically, fluorosis presents as mild
white striations that are mostly cosmetic.

e Santos et al. (2013) conducted a
meta-analysis comparing standard and
low-fluoride toothpastes, noting that higher
fluoride exposure during early childhood is
associated with increased fluorosis risk,
though mostly in mild forms. Caries Res.
PMID: 23572031.

Severe fluorosis is rare in communities with
optimally fluoridated water and is most often
associated with excessive systemic intake from
multiple sources.

B.Systemic Health Concerns

Concerns about systemic toxicity — including
cancer, cognitive effects, and endocrine disruption —
have been raised, but the totality of scientific
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evidence does not support harmful effects at
permitted exposure levels.

e High-quality studies and reviews have
found no consistent evidence linking
recommended fluoride exposure with
increased cancer risk or cognitive deficits.

e Research in areas with naturally high
fluoride concentrations (>2 ppm) cannot be
directly  extrapolated to  optimally
fluoridated communities (~0.7 ppm).

C.Balance of Benefits and Risks

The consensus in the scientific literature is that the
benefits of fluoride in preventing dental caries
outweigh the risk of mild dental fluorosis,
particularly when fluoride use is optimized and
monitored according to public health guidelines.

V.  Common Myths and Misconceptions

Debunking Myths:
Fluoride is safe and
and effective for
dental he£ath
(family-friendly guide)

veenstradental.com

> ‘I
Myth 1: Fluoride causes cancer.
Fact: Large epidemiological studies have found no
association between recommended fluoride exposure
and increased cancer risk.
Myth 2: Fluoride lowers IQ in children.
Fact: Studies suggesting cognitive effects typically
involve fluoride levels far above those used in
community fluoridation. High-quality research at
standard exposure levels does not demonstrate
significant 1Q reductions.
Myth 3: Fluoride is harmful at any level.
Fact: Fluoride is a nutrient with a clear therapeutic
window. Controlled exposure through drinking water
and toothpastes provides caries prevention benefits
with very low risk when guidelines are followed.

Public Health Implications

Fluoride’s role in oral health extends beyond
individual clinical benefits to broad population-level
impact. Community water fluoridation reduces caries
incidence, decreases the need for restorative dental
care, and narrows oral health disparities, especially in
underserved populations. Combined with fluoride
toothpaste and professional applications, it remains
an integral component of comprehensive caries
prevention strategies.

V1.  Conclusion

The scientific evidence from multiple
PubMed-indexed studies supports the effectiveness
and safety of fluoride for dental caries prevention
when used at recommended levels. Fluoride’s
well-established mechanisms — enhancing enamel
resistance, promoting remineralization, and reducing
bacterial acid production — underlie its preventive
effects. While dental fluorosis is a recognized risk at
excessive exposures, it is typically mild and cosmetic
in optimally fluoridated populations. Common
concerns about systemic toxicity are not supported by
high-quality research at standard fluoride exposure
levels. Clinicians and public health professionals
should continue to advocate for evidence-based
fluoride use as part of integrated oral health strategies
while addressing public misconceptions with clear,
scientifically grounded communication.
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