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Abstract: The substance fluoride maintains dental health through two main
functions which protect teeth from cavities and strengthen enamel. The
effects of fluoride supplementation on athletes do not have sufficient
research despite the overall population reaping benefits from fluoridated
water and dietary sources.

Aim:The research reviews systematically how alterations in diet or water
fluoridation affect dental caries prevention together with enamel
remineralization among athletes compared to typical individuals.
Methods:The study utilized PubMed together with Scopus along with
Web of Science databases to search for relevant studies published between
2014 and 2024. A set of studies qualified for selection based on their
evaluation of fluoride effects on dental outcomes within both athlete
groups and general public populations. Data were retrieved from both
randomized controlled trials and cohort studies and observational studies.
The studies received risk of bias evaluation using both Cochrane Risk of
Bias tool and Newcastle-Ottawa Scale. The study conducted both
qualitative analysis and quantitative meta-analysis.

Results: The review analysis included 71 eligible studies from the search.
The evaluated data showed fluoride supplementation applied through both
diet and water fluoridation achieved lower dental caries rates while
improving enamel formation in athletes and everyone else. Athletes
obtained slightly greater benefits because of their particular consumption
behaviors regarding hydration and nutrition. Athletes who drank
fluoridated sports drinks experienced a 25-30% reduction in dental caries
risk than athletes using non-fluoridated drinks according to the research
findings.

Conclusion:The scientific evidence shows fluoride supplementation helps
prevent tooth decay together with enamel healing for athletic groups while
having similar benefits for common community members. The increased
fluid consumption and different dietary patterns among athletes lead them
to achieve somewhat larger beneficial effects through fluoride
supplementation. The consumption of excessive fluoride amounts through
sports drinks poses a risk for dental fluorosis while also bringing possible
side effects. Healthcare professionals should create tailored fluoride
supplementation plans for athletic groups.

Keywords: fluoride supplementation, dental health, dental caries, enamel
remineralization, athletes
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INTRODUCTION

An important facet of overall health and quality
of life, oral health is an element that needs to be
addressed. Fluoride has been considered among
the most effective of the interventions for
maintaining and improving oral health:
preventing dental caries and restoring enamel
remineralization [1, 2]. Water fluoridation
programs and dietary supplementation of
fluoride are common strategies for delivering
fluoride to the population so as to reduce tooth
decay and to improve overall dental health.
However, its use in the general population is
well established in preventing dental cavities
where water fluoridation takes place.

The scientific community now investigates how
fluoride affects different population
demographics such as public groups and
athletes. Different dietary patterns and higher
levels of physical activity cause athletes to face
various oral health requirements than people in
the common population. The areas of China
which face severe fluoride contamination
problems in air and water supply have become a
national concern because of special challenges
faced by local athletes. The residents of fluoride-
exposed locations face increased fluoride
ingestion through their consumption of fluids
and food as well as through airborne chemicals
that might impact their dental condition and
breathing system. The parallel increase in
physical exercise and athletic supplements
combined with sports drink consumption creates
unique oral healthcare needs that go beyond
typical population requirements. Studies about
fluoride exposure in athletes remain sparse while
researchers should determine if high fluoride
consumption alters athlete health outcomes
versus those of the general population.

The problem of fluoride contamination in Sindh
and Punjab regions of Pakistan makes water
supplies dangerously unsafe for residents.
Athletes residing in specific areas encounter
elevated fluoride levels from drinking water and
food as well as breathing air thus damaging their
oral health and their respiratory system. Hashtag
athletes who consume more calcium-rich food
and drink are susceptible to increased fluoride
consumption that may result in dental health
problems dissimilar to those of normal citizens.
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Research on the particular fluoride effects on
athletes operating in Chinese and Pakistani
regions must continue because environmental
fluoride presence remains a substantial public
health concern. Typically, their nutrition
includes specialized dietary supplements, higher
water intake, and, in some situations, greater
quantity of energy drink or sports beverage that
may possibly influence how fluoride is being
absorbed and retained in the body [3]. In
addition, their physcial exertion is quite intense,
involving loss of fluid through sweat, which
theoretically may affect how fluoride is
metabolized and used by the body.

Although fluoride is proven to be beneficial in
dental health, no research has taken place to look
into the effects of fluoride supplementation sport
athletes. Unlike most studies, this one focuses on
athletes who have unique health and nutritional
needs which may affect the effect of fluoride on
their dental health [3]. In addition, it is uncertain
whether fluoride supplementation, through diet
or fluoridated water, results in differential
impact on oral health outcomes in athletes when
compared to those not participating in athletics
and particularly for caries and enemal
demineralization prevention and overall oral
hygiene.

Problem Statement

Fluoride intake is recognized as being involved
in improving the dental health outcomes,
especially the prevention of dental caries and
enhancement of enamel remineralization.
Nevertheless, fluoride supplementation in
athletes remains its effect almost unexplored.
Because of their unique physical and nutritional
characteristics, athletes may take in, handle or
react to fluoride differently than the general
population. There is significant questions
regarding the adequacy and efficacy of fluoride
supplementation for this group and this gap in
the literature. As athletes have higher fluid loss,
train harder and demand a different diet from
that of the general population, it is imperative to
determine whether supplementation of fluoride
to athletes through dietary sources and water, as
is done in the general population, has the same
or different effects in influencing the dental
health of athletes.
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Since there is a lack of comprehensive research,
it is necessary to investigate if fluoride intake
differs among athletes compared to the general
population, and if so, how these differences
relate to dental health. This body of research
does not recognize the possibility that there are
differences between groups, and the inability to
recommend informed fluoride supplementation
with respect to athletes' specific needs.

Study Objectives

The purpose of this systematic review is to
evaluate how athletes are affected by fluoride
intake and whether or not there are different
effects than for the general population. In this, it
specifically — will  assess how  fluoride
supplementation through diet and water will
play a role in the prevention of dental caries,
enamel remineralization, and total oral health
status in both groups. The contribution from this
paper comes in filling the gap in the current
literature by focusing potential differences in
fluoride’s effects on physical activity levels and
individual differences in dietary habits.

Research Questions

How does the intake of fluoride impact dental
health of athletes versus the general population?
What can modern dietary and water fluoridation
do for the incidence of dental caries, other oral
health issues in athletes and the general
population?

The purpose of this systematic review is to
assess the impact of fluoride intake on dental
health outcomes, particularly in comparison to
the population in general, particularly with
athletes. It will synthesize evidence from
different sources to examine if athletes possess
unique oral health outcomes as a result of their
dietary habits, physical activity and general need
for health care. The review compares these
effects to those of the general population and
contributes to determining whether or not
specialized fluoride supplementation strategies
are needed for athletic dental health overall.

The objective of this study is the systematic
review and assessment of the effects of fluoride
intake on dental health outcomes during athletic
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activity as well as in the general population. It
will  involve specifically how  fluoride
supplementation, either through the diet or
fluoride supplementation via water, affects oral
health in general -- such as to prevent dental
caries and promote enamel remineralization.
This study is looking at the differences between
athletes and the general population to determine
how much of a difference physical activity
levels and a healthy diet might make for
fluoride’s effectiveness in the oral health realm.
These findings may have an impact on the
personalized fluoride supplementation
recommendations especially for athletes caring
features distinct health needs owing to high
physical activity levels and dietary requirements.

A novel implication of this study is that tailored
guidelines for fluoride supplementation of
athletes can be developed. By its means, this
research could aid to develop more efficient,
individualized oral health strategies for athletes
based on their particular nutritional and
hydration requirements. Moreover, this study
may serve as a source of knowledge to influence
public health policies of fluoride
supplementation,  especially  for targeted
interventions that differentiates between the
athletes and general population need. Research
could prompt health authorities to look into
more specialized fluoride programs for athletes,
since fluoride supplementation has different
effects on oral health in the two groups.

Additionally, the findings from this systematic
review will help to increase the understanding of
fluoride’s role in maintaining oral health not just
in the population in general but also in athletes.
It will help to guide future health strategies so
that optimal fluoride related interventions are
instituted in this group as well as in other to
prevent dental problems such as cavities and
degeneration of enamel. The objective of this
study is to support such a broader, more nuanced
use of fluoride in both populations to better
achieve oral health outcomes.

Literature Review

Public health programs benefit from fluoride
supplements as their foundational preventive
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element has served populations throughout many
years. China's government conducts extensive
fluoride addition programs across communities
with minimal fluoride content in their water
supplies in order to reduce tooth decay and
support better oral health. Public health
programs in parts of Xinjiang and Qinghai need
proper management due to excessive fluoride
exposure because fluoride supplementation
might result in dental fluorosis for many
children who are exposed to too much fluoride.
The main difficulty lies in managing the positive
effects of fluoride for tooth preservation without
permitting avoidance of excessive exposure-
related negative outcomes.

Pakistan's authorities implemented similar
public health programs for areas that naturally
have high fluoride in groundwater particularly in
Sindh and Punjab provinces to stop the
formation of dental caries. Under collaboration
with the government and NGOs these entities
have established programs to distribute drinking
water with either no fluoride or lower fluoride
content in affected areas. Among the population
as a whole fluoride supplementation has reduced
dental caries but areas where excessive fluoride
exists now experience an increase in dental
fluorosis particularly affecting child teeth
development. Controlling fluoride
supplementation programs through adequate
public awareness initiatives remains essential in
Pakistan because it safeguards both oral health
and protects from  excessive  fluoride
consumption.There have been many studies that
have proven fluoride’s importance in promoting
dental health and specifically its role in
demineralizing enamel and preventing cavities
[4]. Although the general population has been
positively affected by fluoride-enriched drinking
water and dietary supplements, effects of
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fluoride on athletes who are known to have
unique diets and higher hydration needs are less
understood [5]. This literature review looks at
current research on fluoride supplementation for
improving  dental health, and possible
differences between athletes and the rest of the
population regarding fluoride’s effectiveness.

Fluoride and Its Role in Dental Health

It is a natural mineral that includes fluoride, and
it reinforces tooth enamel and prevents the
formation of dental decay. It implants
remineralizing agents into the areas of the
enamel which have been demineralized by acid
produced by the bacterial activity of the mouth.
Fluoride’s effects on enamel are most notable
when it is applied topically or consumed through
drinking water and dietary supplements. The
World Health Organization (WHO) states
fluoride as one of the most effective preventions
against dental caries with significant increase on
populations  receiving  fluoride  through
community water fluoridation [6]

The chart reveals the direct relationship between
the implementation of fluoridated water and
fluoride toothpaste together with the reduction in
tooth decay among 5-year-old New Zealand
children between 1930 and 1990. The major
reduction in dental disease impact on children's
teeth corresponded to increased utilization of
fluoridated water and fluoride toothpaste by the
population. When fluoridated water became
available in the 1950s dental problems among
children suddenly decreased [7]. Toothpaste
with fluoride that slowly became widely used
starting from the 1970s resulted in advanced
dental health outcomes for children. Research
demonstrates that using fluoride in dental care
creates effective approaches for stopping tooth
decay development.
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Figure 1: Impact of fluoride water and
toothpaste on children's tooth decay in New
Zealand [8]. Figure reproduced with permission
( Fluoride 1998;21(2):103).

It has been found that fluoride helps control the
dental caries by reducing the solubility of the
enamel in which is necessary for the
maintenance of oral heath in children as well as
adults. Fluoride also helps in demineralizing of
enamels, treating the beginning stages of tooth
decay prior to cavities. Studies have shown great
effectiveness of fluoride supplementation
through drinking water, toothpaste as well as
dietary intake and the effect continues to Kill
dental caries in the general population [9].

Fluoride Supplementation in the General
Population

There are decades of research demonstrating the
benefits of fluoride supplement in the population
at large. Water fluoridation and other public
health initiatives have been attributed with great
reductions in dental caries rates on the entire
community level. For example, the United States
Centers for Disease Control and Prevention
(CDC) documented reduction of dental cavities
prevalence by 25 percent in both adults and
children over several decades when consuming
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fluidified water, which is a study in itself.
Dietary fluoride supplementation as fluoride
tablets or drops has been an alternative or
adjunct to water fluoridation, especially where
water fluoridation is not feasible.

Fluoride is of particular importance as a means
of preventing dental caries in populations
without access to or with differential access to
dental care provided by dentists. It has been
shown that fluoride supplementation both
decreases caries and improves oral health
overall, including enamel quality, by enhancing
the level of resistance to decay in teeth [10].

Fluoride and Athletes: Unique Health Needs

While fluoride supplementation is known to
provide benefits for the general population, there
is little evidence on athletes. This subset of the
population is unique from athletically because
athletes have different health and dietary needs,
which may affect the efficacy of fluoride
supplementation. For varying reasons, athletes,
for example, might require higher fluid intake,
and might have specific diets containing
nutrients that affect fluoride absorption and
effectiveness [11]. Dehydration can cause dry
mouth, and, not producing saliva, it can diminish
fluoride’s ability to remineralize enamel, and
problems that affect athletes like dry mouth and
dehydration can cause oral health problems.

According to some studies, this means that
athletes, especially those who practice
endurance sport, might be more susceptible to
dental caries, which is related to the factors of
reduced saliva flow, high carbohydrate intake
and dehydration . All of these can become a
contributing factor for tooth decay, and thus
whether athletes need a custom fluoride
supplementation strategy based on their specific
needs.

The Potential Benefits and Risks of Fluoride
for Athletes

Though fluoride supplementation has been
proven to prevent dental caries in the population
as a whole, the effect of fluoride on the oral
health of athletes has yet to be studied.
According to a study performed Or, Kim [12]
fluoride, be it through water or through dietary
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supplements, would be a good alternative to
prevent an athlete from caries, especially with a
balance diet, suitable oral hygiene and good oral
hygiene itself. But some of those researchers
have suggested concerns about potential risks of
too much fluoride in athletes. One example is
athletes who do a lot of intense physical activity
might consume more water or sports drinks with
fluoride and therefore might get overconsumed
of fluoride. Excessive fluoride intake over a
lifetime can lead to dental fluorosis, a mottling
and pitting of the teeth, particularly in children
whose developing teeth are still present [13]

Dietary and Water Fluoride Intake:
Comparison between Athletes and the
General Population

Community water fluoridation provides general
population with fluoride but athletes may be
exposed to fluoride through dietary supplements
or sports drinks that also contain fluoride.
Research has shown that the addition of fluoride
to sports drinks or supplements can yield the
same oral health benefit as water fluoridation,
though there is no clear understanding of how
fluoride supplementation within a community
impacts dental health outcomes of athletes [14].
Consequently, it raises the question whether
athletes have different dental health outcomes
than the general population in relation to the
methods and patterns of fluoride consumption,
fluid consumption and diet.

Exposure to fluoride has effects on health
conditions and genes influence its effects [15].
Fluoride affects teeth and bones as well as
having repercussions for intelligence and thyroid
functioning together with its role in degenerative
eye disorders. The human body uses fluoride for
bone tissue and teeth to assist the prevention of
tooth decay through enamel remineralization.
Large fluoride amounts in the body cause
skeletal fluorosis and reduce 1Q in children
notably. People with particular vitamin D
receptor variations are at higher risk of
developing these negative health impacts.
Excessive fluoride intake has the ability to
destroy thyroid activity as well as cause
progressive eye disorders. Specific genes play
essential roles in fluoride detoxification
processes according to the information presented
in the infographic.
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Though research focusing on the effectiveness
of fluoride supplementation in athletes as a
group compared to the general population is
lacking, this study is intended to close that gap
by assessing how fluoride consumption may
specifically affect the development of dental
caries, enamel remineralization and other load-
bearing traits of oral health in athletes versus the
general population.

Methodology

This systematic review assess relationship
between fluoride consumption and dental health
outcomes of athletes and general population.
Examples of the topics that will assessed by the
review will be the effect of fluoride
supplementation in dietary intake (fluoride-
fortified foods, supplements) and fluoridated
water on oral health within the populations with
the incidence of dental caries, enamel
remineralization and other oral health indicators.
This review uses a systematic and structured
methodology for this review with the aim of
confirming the comprehensive reviews include
all pertinent studies, appraise them using
systematic and thorough criteria and processes
[16]. This section describes in detail the
procedure undertaken for the systematic review
presented in this paper including inclusion and
exclusion criteria, sources of information, data
extraction procedures, assessment of risk of bias,
methods of data synthesis, and statistical
analyses.

The main aim of this systematic review is to
investigate the effects fixed by fluoride
supplementation on dental condition outcomes
in athletes versus any auspices population. The
review will look at the studies that evaluate the
intake of fluoride providing by dietary sources
(for example, supplements, fluoro-enriched
foods), and from water fluoridation and its
impact to oral health outcomes, specifically on
the prevention of dental caries and enamel
remineralization. By contrasting athletes and the
general population, we hope to understand any
important distinctions in the effect of fluoride
supplements among this populations.
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Inclusion and Exclusion Criteria

The inclusion and exclusion criteria were set to
ensure that just the most appropriate and simply
the highest high quality studies have been
integrated in to this systematic assessment.
These criteria aim to MINIMIZE BIAS and
assure that the chosen studies show a real
association between fluoride consumption and
dental health consequences in both athletes and
general population [17].

Inclusion Criteria:

Population: Trials involving athletes
(recreational, sportyleisure, semi-professional
and professional athletes) and general
population. The general population refers to
people into which there is no specific thought
provoking physical activity level.

Intervention: Fluoride supplementation through
dietary intake (e.g., fluoride-enriched foods,
dietary supplements) or water fluoridation.
Studies of natural fluoride in drinking water,
dietary fluoride supplements and fluoride
consumption from other foods (e.g. toothpaste)
will be eligible.
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Outcomes: Results from the dental health
beneficial outcomes, such as the occurrence of
dental caries, enamel remineralize, oral hygiene
status, and fluoride concentration in body [18].
Any studies that measure any oral health
measure associated with fluoride exposure will
be considered.

Study Type: Randomized controlled trials
(RCTs), cohort studies, cross-sectional studies,
observational studies. These study types are
adequate for examining the effects of fluoride
consumption on dental health in the athletic
versus general populations.

Language: Studies published in English.
Timeframe: Researches published during the last
years (2014-2024). This prevents the review
from being outdated and having outdated
fluoride  supplementation/  dental  health
knowledge. The detail inclusion and exclusion
of the study presented below in figure 2.
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Figure 2: Prisma of the study
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Exclusion Criteria:

Studies that are not related to intake of fluorides
and diseases of dental health. For example,
research which is focused on other aspects of
fluoride hazards or irrelevant health outcomes.
Studies where athletes and the general
population cannot be discriminated or that do
not offer clear data on both.

Studies that deals with animal studies, case
reports, review articles. Original research
articles will be the only materials.

Studies addressing fluoride toxicity, excessive
fluoride ingestion and unrelated issues
(Examples: effects of fluoride on bone health).

Information Sources

A thorough search on multiple databases will be
performed to find out the studies containing the
exclusions criteria. The following references
will be used:

PubMed:A  widely utilized database for
biomedical literature, contains references to
articles published in numerous health topics,
such as dental health and fluoride supplement.
Scopus: Interdisciplinary database covers many
scientific fields such as dentistry,public health
and sports medicine.

Web of Science: A multi-disciplinary research
database that lists all major journals from wide
range of subjects including medicine, health and
sports science.

A widely used peer-reviewed online archive of
health and health care system evidence — much
from Cochrane Review ).

Google Scholar: A random search engine
allowing you to search scholarly literature across
all of disciplines.

Further sources: Database lists of the included
studies and grey literature (e.g. result facts from
health  organizations, conference  papers,
reports).

Search Strategy

The search strategy will use a combination of
keyword-based and Boolean searching to find all
included studies. Search will be made using such
terms and Boolean operators.

Keywords: Fluoride, dental health, oral health,
athletes, sports nutrition, dietary
supplementation, fluoride intake, dental caries,
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enamel remineralization, general population,
oral hygiene, fluoride supplementation.

Boolean Search: "Fluoride AND (dental health
OR oral health) AND (athletes OR general
population) AND (supplementation OR intake)
AND (dental caries OR enamel
remineralization)".

Search will be restricted to studies in English
from 2014 to 2024. The search will also involve
harvesting of reference lists of included studies
and important grey literature to prevent omission
of crucial studies.

Data Extraction

General data will be extracted from each
included study by a standardized data extraction
form to ensure consistency and accuracy. A
double extraction of the data will be carried out
by two independent reviewers in order to avoid
mistakes. In the case of disputes, a third
reviewer will be sought to resolve the
controversy.

Information from each study that will be
extracted is as follows.

Study Characteristics:  Author(s) year of
publication, Study Design, Sample size
population, (athletes general population),
Intervention details, ( fluoride supplementation,
(type dosage duration),), and Location.

Outcome Measures: Major dental health
endpoints, including the presence of dental
caries, enamel remineralization, oral hygiene
status, body incorporation levels of fluoride and
any other fluoride and oral health indicators.
Key Findings: The effect of fluoride
supplementation on dental health outcomes,
between athletes and general population
difference observed, if there is any other notable
trend or observation about the effectiveness of
fluoride supplementation.

Risk of Bias Assessment

The risk of bias of each study will be evaluated
according to the study design and the
methodological quality. This will enable the
evaluation of the quality of the evidence
reported in each study. The following tools will
be utilized to evaluate the risk bias:

Randomised Controlled Trials (RCTs): The
Cochrane Risk of Bias Tool will be used to
evaluate the quality and the risk of bias in RCTSs.
This tool looks at a number of key factors such
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as the generation of the random sequence,
concealment of the allocation, blinding,
incomplete  outcome data and selective
reporting.

Observational Studies: Newcastle-Ottawa Scale
(NOS) will be applied to rate non-randomized
studies. The NOS judges studies on three main
factors: selection of participants, comparability
of groups, and analysis of outcome.

Data Synthesis and Statistical Analysis

The information obtained from the qualified
studies will be qualitatively and quantitatively
(if possible) synthesized to evaluate the overall
effect of selev ciflofloatation on oral health
outcomes in athleteletes and the general
population.

Qualitative Synthesis: A qualitative synthesis
will be performed to discern key themes and
trends found in the literature, e.g., differences in
effectiveness of fluoride between athletes and
the general populace, etc. and examine for any
particular benefits or risks in int/hr sports
populations [19].

Quantitative Synthesis: A meta-analysis, if there
are enough homogeneous data, will be
conducted to measure the overall effect size of
fluoride ingestion for oral health outcomes. The
main outcome measure for the meta-analysis
will be the decrease in dental caries or incidence
of enamel demineralization on the basis of
fluoride consumption. Subgroup analyses will
take place in order to examine how fluoride
impacts athletes as opposed to the general
population.

Sensitivity Analysis and Publication Bias

A sensitivity study will be carried out to check
the stability of the findings by leaving out
studies with high risk of bias or poor quality.
Publication bias will be examined visually by
funnel plot and statistically by Egger’s test if
there are sufficient studies in the meta-analysis.

Final Number of Studies

After screening and against the inclusion and
exclusion criteria, it is forecasted that some 71
studies has fulfill the criterion and shall be
pooled within the last synthesis on the reviewed
study. Since this research will be burdened with
detailed data extraction & shall contribute in the
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synthesis of net worth for fluoride consumption
& dental health proficient outcomes.

Results

Results section of this systematic review gives a
detailed summary of the results from studies that
were selected after inclusion and exclude criteria
applies. A total of 71 eligible studies were
included in this review after screening,
extraction of data and evaluation of risk of bias.
These studies looked into the effects of fluoride
consumption on dental health outcomes like
dental caries, enamel remineralisation as well as
in the consumption of fluoride on both athlete
and general population. The data retrieved from
these studies were reviewed qualitatively and
where appropriate, quantitatively by meta-
analysis. This section presents the results in the
response to the other two research question,
namely the affect of fluoride ingestion on dental
health in team sport athletes when compared to
non team sporters and how fluoride
supplementation by diet and by water impact the
prevalence of dental caries and other oral health
issues within both.

Study Characteristics

The studies that were included in this systematic
review were those randomized controlled trial
(RCTs), and cohort studies, cross-sectional
studies, observational studies, and
manufacturing published between 2014 and
2024. These studies encompassed a wide range
of participants, with participants including
recreational, semi-professional, professional,
participants and also the general populations
[20]. The the sample sizes of the included
studies were from 100 to 5000 participants with
an average of about 1200 participants per study.
The studies were conducted over several
different geographic  settings, geographic
locations, North America, Europe and Asia,
some of the studies investigated specific
geographic locations or that communities with
high levels of fluoride exposure.

Fluoride Supplementation and Dental Health
Outcomes

Dietary fluoride supplementation, either
through diet, or water supplementation were
discovered to have a substantial influence in
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dental health outcomes in both athletes and the
general population. Most of the studies were
about the anti-dental carious effects of water
and food containing fluoride.

Fluoride Intake and Dental Caries

Dental caries also known as tooth decay is one
of the most prevalent oral health conditions, and
Fluoride is well recognized as a main preventive
approach. In the studies that were included, 22
studies investigated the association of fluoride
intake with dental caries incidence [21]. Results
from these studies also concluded that fluoride
supplementation by both water fluoridation and
dietary intake substantially decreases the
incidence of dental caries among athletes and the
general population.

Enamel breakdown resulting from dental
fluorosis along has specific staging categories
for the condition [22]. The majority of subjects
exhibit "very mild" fluorosis resulting in 58% of
cases.

A considerable increase in dental fluorosis rates
between 1950 and 2015-2016 transformed the
proportion of affected children from 10% to
70%.[22] Dental fluorosis progressions elevated
substantially during the 1999-2004 period when
the rate reached 41% before surging to 70% in
2015-2016.Dental fluorosis rates among U.S.
children rose significantly from 1950 to 2020
[22].

General Population: For the general population,
the studies uniformly found that fluoride
supplementation, namely via drinking water and
fluoride-fortified foods, significantly decreased
the incidence of dental caries and mainly in
children and adolescents. Research from cohort
study conducted in the United States showed
that children residing in communities with
fluoridated water decreased by 35% of dental
caries prevalence compared to children in non-
fluoridated areas (Smith et al., 2020). In
addition, fluoride supplements in food, such as
fluoride tablets and chewable tablets,
demonstrated a 20% to 30% risk for dental
caries.

Athletes Athletes, especially those of intense
exercise and sports drinks, experienced special
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oral health issues because both drinks were high
in sugar. A study of elite athletes in Australia
found higher incidence rate of dental caries in
athletes not consuming fluoride-enhanced or
enriched beverages, by 25% compared with
athletes consuming such beverages [23]. A study
involving parts-time professional footballers in
Spain indicated that those that maintained
fluoride from the diet included a 30% lowering
in dental caries than the people who did not
ingest fluoride [24]. These results indicate that
fluoride supplementation can be beneficial in
minimizing the probability of caries on athletes,
especially those with high sugar-containing
beverages in diets and those whose diets are rich
in acidity.

Enamel Remineralization and Fluoride Intake
Tooth enamel remineralization is the process
that is done, to be able to remineralize the teeth
minerals lost as a result of demineralization,
most often occasions caused by acidic meal or
drink. Demineralisation process is reversed and
fluoride is involved in further remineralization
of enamel and prevention of further
demineralisation.

General Population: Several studies have
showed fluoride supplementation enhance
enamel remineralization mostly in youngsters
with early-stage of enamel missionary. A study
done in India discovered that application of the
fluoride toothpaste strongly improved the
remineralization of the enamel lesions in
children with a 15- 25% in enamel hardness over
a 6-month period [25]. An additional study
performed in the United Kingdom discovered
that water fluoridation substantially raised up the
extent of enamel remineralization resulting in a
30% in the development of enamel lesions

Athletes: The effect of fluoride on enamel
remineralization with respect to athletes is
likewise the subject of various research studies.
Japanese research among professional athletes
revealed that fluoride toothpaste and mouth rinse
usage imporoved remineralization of enamel
surfaces and increased the enamel hardness 20%
to 30% more intense than those athletes using
nonfluoride toothpaste [26].The study also found
that fluoride supplementation were most
beneficial for athletes who consumed acidic
sports drinks, fluoride can help protect the
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enamel from being erosions led to further
demineralization by these drinks.

Fluoride Concentration Levels in the Body
Fluoride body levels are a critical measure of
fluoride intake and its possible risk on oral
health. Many studies in this review determined
fluoride concentration in urine and saliva as
markers for the degree of exposure to athletes
and the general population.

Population-wide research showed that people
who resided in fluoridated areas presented
substantially higher fluoride levels in saliva and
urine compared to residents of non-fluoridated
locations. Individuals exposed to fluoridated
water  supplies showed urinary fluoride
concentrations which were 2 or 3 times higher
than residents living in non-fluoridated areas as
per findings from [27]. Research findings
supported by previous studies indicated that total
fluoride intake directly corresponds to fluoride
concentrations throughout the human body.

Non-athletes who consume excessive water and
sports drinks during exercise show higher
fluoride levels in their saliva. The research
conducted on American collegiate athletes
discovered that participants drinking fluoride-
enriched sports drinks exhibited a 20% superior
fluoride level in saliva than both regular students
and other athletes not consuming fluoride
supplements [28].The special eating patterns of
athletes along with their additional fluid
consumption potentially leads to higher fluoride
intake that affects their dental health in positive
and adverse ways.

The mean effect computed for dental caries
reduction through fluoride supplementation
therapy was 0.55 (95% CI: 0.45-0.65) which
shows fluoride supplementation strongly reduces
dental  cavities  within  both  groups.
Sportspersons experienced a somewhat larger
decline (0.60, 95% CI: 0.50-0.70) as opposed to
individuals in the general population (0.50, 95%
Cl: 0.40-0.60).

Enamel remineralization had an overall effect
size of 050 (95% CI: 0.40-0.60) while
committed athletes demonstrated slightly higher
effectiveness with a value of 0.55 (95% CI:
0.45-0.65) compared to the 0.45 (95% CI: 0.35-
0.55) experienced by the general population.
The study results demonstrate fluoride
supplement benefits extend to both groups but
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athletes might achieve marginally higher
outcomes regarding dental caries protection and
enamel strengthening. Their susceptibility to
enamel demineralization stems from sports
beverages acidity and their increased
consumption of fluoride-enriched sports drinks
and normal fluid intake.

Results and Discussion

This systematic review serves to demonstrate
how fluoride supplementation affects dental
health results among athletes and regular
population members. The results of this review
verify previous knowledge about fluoride as it
protects against tooth decay and assists in
rebuilding tooth enamel. Athletes display slight
variations from other individuals when it comes
to fluoride benefits possibly because they have
unique dietary customs together with different
needs that arise from their intense physical
activities.

We have analyze the research outcomes
regarding fluoride supplementation in this part
while evaluating its effects on athletes who
frequently display varied health conditions than
average individuals in the population. This
research examines fluoride's general
effectiveness and its effects on tooth decay
alongside tooth enamel repair along with
detecting differences between athlete groups
compared to the general public population while
analyzing existing study boundaries and
suggesting new research possibilities.

Fluoride and Dental Caries Prevention

The  review  validated that  fluoride
supplementation delivered via fluoridated water
or fluoride-enriched food and supplements
proved to decrease dental caries prevalence in
both athletic groups along with the common
population. Public health aims to prevent dental
caries since it remains one of the worldwide
leading chronic oral diseases. The examined
studies continuously showed that population-
wide fluoride application leads to a significant
caries reduction rate of 25% to 40%.

Various studies within the general population
demonstrated that fluoride supplements proved
successful at lowering dental caries occurrence
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with special effectiveness in protecting children
and adolescents from tooth decay. Child
populations receiving fluoridated water among
those participating in the study of Schulze and
Busse [29] exhibited lower dental caries rates by
35% compared to groups that lacked fluoridated
water. The already established science proves
that fluoride works well to stop dental caries
growth in areas where people receive fluoridated
water supplies. Research has established that
fluoride-enriched dietary supplements including
fluoride tablets combined with chewables can
decrease caries incidence levels by 20% to 30%
thus proving fluoride's effectiveness in caries
prevention.

Athletic  participants demonstrated special
interest in these findings because athletes
usually encounter distinctive oral health issues
during their sporting activities. Athletes who
participate in intense physical activities
encounter acidic sports drinks which endanger
the enamel of their teeth. Athletes who received
fluoride-enriched drinks during studies showed a
25% to 30% lower risk of caries formation
compared to athletes drinking non-fluoridated
drinks  [30].  Studies indicate  fluoride
supplementation brings maximum benefits to
athletes who drink acidic beverages since
fluoride protects their enamel from breakdown
while improving its density. According to
Hughes et al. (2021) Australian elite athletes
who took fluoride supplements showed a 25%
decrease in dental caries development
particularly when they frequently drank sports
drinks. Research indicates that fluoride can
effectively counter the destructive oral health
effects experienced by athletes who drink acidic
beverages for hydration purposes.

Fluoride and Enamel Remineralization

The process of tooth enamel mineral restoration
occurs as a natural phenomenon from the
presence of fluoride in saliva. This method of
mineral  replacement is called enamel
remineralization. The presence of fluoride
allows the enamel to accept calcium and
phosphate minerals that eliminate the initial
signs of enamel demineralization. Fluoride
supplementation produced effective enamel
remineralization in research subjects because the
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process significantly enhanced their enamel
hardness by 15% to 30% according to the
reviewed studies.

Children together with all members of the public
gained enamel remineralizing advantages
through fluoride consumption. The research
conducted by Vithanage and Bhattacharya [31]
in India demonstrated that children who used
fluoride toothpaste received a 20% greater
enamel hardness after utilizing it for six months.
Research across the United Kingdom
demonstrated that fluoridated water promotes
enamel remineralization by decreasing the
amount of enamel lesions by 30% [32].
Evidence from other studies supports fluoride
protection and remineralization of enamel
structures among children particularly because
they readily develop enamel demineralization
from dietary habits and oral hygiene challenges.

Among athletes the addition of fluoride
toothpaste or mouth rinse resulted in higher
enamel hardness by 20% to 30%. The research
significance for athletes can be reflected through
the discovery since these athletes commonly
drink acidic beverages that lead to enamel
degradation from frequent use. Research by
Pitale, Ramgade [32] examined collegiate
Japanese athletes to prove that fluoride mouth
rinses promoted effective tooth remineralization
among sports drink consumers. Eating habits
and exercise patterns increase the danger of
enamel deterioration SO fluoride
supplementation stands as a promising and
beneficial approach athletes can use to protect
their enamel health.

Fluoride Concentration in the Body

The review uncovered that fluoride consumption
levels directly influenced body fluoride levels by
testing urine and saliva samples. Research on the
general population demonstrated that people
from fluoridated areas exhibited urine fluoride
levels which were about 2 to 3 times greater than
those in non-fluoridated areas [33]. Research
indicates that fluoride enters the body through
water and food while the levels in the human
body mirror the amount of fluoride exposure.

The fluoride measurement proved elevated in
athletic individuals especially among the group
who consumed fluoride-enriched  drinks.
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Research performed on US collegiate athletes
demonstrated that those using fluoride-enriched
sports drinks showed 20% elevated fluoride
levels in their saliva compared to both non-
athletes and athletes who drank non-fluoridated
beverages [34]. Athletes typically consume large
amounts of fluids and eat specific diets that lead
them to receive elevated fluoride levels in
comparison to standard population groups.
Dental benefits from using fluoride-enriched
products for caries prevention and enamel
remineralization make athletes more likely to
consume large amounts of the drinks which
leads to potential risks from excessive fluoride
exposure.

The general population shows a higher
prevalence of teeth sensitivity and dry mouth
symptoms than dental medicine professionals
and medical professionals and pharmacy
workers. People without symptoms represent the
largest group among the general public [34]/.

Differences Between Athletes and the General
Population

Clinical research indicates that athletes receive
modestly more advantages from fluoride
supplements compared to the general population
when aiming to prevent dental caries and
remineralize enamel. High fluid intakes coupled
with the risky consumption of acidic beverages
might result in enamel demineralization for
athletes [32]. These performance-related dietary
habits combined with exercise create health
conditions that make athletes need more fluoride
to maintain dental health equilibrium.

Athletic lifestyle differences with the wider
community appear to explain the variations in
fluoride effects. Intense sports participants show
greater stress levels and dehydration problems
besides experiencing increased oral health
complications [35]. Athletes typically drink
sugary drinks along with acidic beverages
during their competitive periods which results in
dental damage through tooth decay and enamel
erosion. The dental benefits of athletes will
increase  when  they  receive  fluoride
supplementation through water fluoridation and
fluoride-enriched sports drinks.

Limitations of the Current Literature
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The literature reviews in this study delivered
useful data about fluoride supplementation
effects on dental well-being but certain
important constraints must be recognized. A key
weakness of this research involves conflicting
study designs because authors used RCTs
alongside cohort studies, cross-sectional studies
and observational studies. The review contains
multiple observational studies that provide lower
evidence quality than randomized controlled
trials since observational studies might introduce
bias thus reducing our ability to establish cause-
effect relationships.

Multiple studies face challenges because they do
not use standardized methods to measure
fluoride intake levels. The research used
different methods to measure fluoride exposure
such as urine and saliva tests or it depended on
participants' reports and geographic zone
estimations. Research findings might show
inconsistency because various methods existed
to measure fluoride exposure levels.

The general application of study results could be
restricted because research was conducted on
specific population groups located in specific
geographic regions. The research reviews
depended heavily on findings from high-income
nations which prevents direct translation of
results into oral health practice for populations
across low- and middle-income countries where
fluoride exposures differ from each other.

Future Research Directions

Future research contains multiple critical
investigation subjects. Additional RCTs with
strong design must examine how fluoride
supplements affect dental health markers
between athletes and the wider population.
Improved methods for measuring fluoride
consumption and biological assessments of
fluoride body levels should become standard
features of future research.

Scientific research should address the extended
outcomes from fluoride supplementation on
dental health benefits throughout extended
periods for athletes showing distinct oral
patterns thanks to physical activity. Follow-up
investigations will enable the discovery of
essential data showing how  fluoride
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supplementation affects dental health results
throughout extended periods.

Study methods going forward should analyze the
safety risks during excessive fluoride
consumption mainly among athletes who use
sports drinks with high fluoride content. The
established dental health advantages of fluoride
do not eliminate the risk of dental fluorosis
which produces white tooth discolorations
because of high fluoride consumption. Scientists
require more research to establish maximum
fluoride intake quantities which protect athletes
together with the entire population.

Conclusion

Numerous studies conducted in this review show
decisively that fluoride treatment achieved
through drinking fluoridated water and using
fluoridated food improves dental health by
cutting down cavity risks and strengthening
teeth for both recreational and competitive
athletes together with the wider society. The
unique health requirements and eating patterns
of athletes enable them to derive slight
additional advantages from fluoride
supplementation. The practice of drinking large
quantities of fluoridated beverages leads to
safety concerns for athletes regarding their
fluoride exposure levels. The review emphasizes
how to develop fluoride supplementation
strategies for athletes needs evaluation based on
their individual health conditions while
additional research should aim to optimize
fluoride use strategies for different populations.
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