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Abstract  
   Background: Dental caries is a prevalent global health issue, particularly affecting children, with multifactorial 
causes including bacterial activity, dietary habits, and poor oral hygiene. Fluoride has been a cornerstone in caries 
prevention due to its ability to enhance remineralization, inhibit demineralization, and suppress cariogenic bacteria. 
Despite its benefits, excessive fluoride intake, especially in early childhood, raises concerns about dental fluorosis. 
Aim: This article reviews the mechanisms, efficacy, and clinical applications of fluoride in caries prevention while 
addressing challenges such as fluorosis risk, barriers to preventive care, and the impact of COVID-19 on dental 
services. 
Methods: A comprehensive analysis of fluoride's anti-cariogenic mechanisms (topical vs. systemic effects), 
different fluoride delivery methods (water fluoridation, toothpaste, varnishes, gels, and slow-release devices), and 
ecological approaches (probiotics, arginine-enhanced products) was conducted. Evidence from clinical studies, 
public health data, and professional guidelines was synthesized. 
Results: Topical fluoride applications (toothpaste, varnishes) are more effective than systemic fluoride in 
preventing caries. Water fluoridation remains a cost-effective public health measure, though bottled water 
consumption has reduced its impact. Fluorosis risk can be mitigated by regulating fluoride exposure in children 
under six. Emerging strategies like silver diamine fluoride (SDF) and slow-release beads show promise for high-
risk populations. 
Conclusion: Fluoride remains the most effective intervention for caries prevention, but its use must be tailored to 
individual risk factors. Interprofessional collaboration and public health policies are essential to optimize fluoride's 
benefits while minimizing adverse effects. 
Keywords: Dental caries, fluoride, remineralization, fluorosis, preventive dentistry, public health. 
 
 

1. Introduction 

Dental caries remains a significant global public 
health concern, with an estimated 60 to 90% of individuals 
worldwide experiencing this chronic condition [1][2]. It is 
particularly prevalent among children in the United States, 
where it is recognized as the most common chronic disease 
in pediatric populations [3]. The pathogenesis of dental 
caries involves a multifactorial interaction over time 

between acidogenic bacteria, fermentable carbohydrates, 
and host-related variables such as saliva composition and 
oral hygiene practices [4]. Despite its microbial component, 
dental caries is classified as a non-communicable disease. It 
shares several behavioral and lifestyle risk factors with other 
non-communicable diseases, including obesity and diabetes, 
reinforcing its link to broader public health issues rooted in 
dietary habits and systemic health determinants [5]. Fluoride 
has emerged as a cornerstone in the prevention and 
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management of dental caries. Its primary preventive action 
is localized, enhancing the remineralization of enamel and 
inhibiting the demineralization process. This effect is most 
effective when fluoride is applied topically and is supported 
by consistent oral hygiene behaviors [6]. In addition to 
preventing lesion development, fluoride also plays a 
therapeutic role in halting the progression of initial, non-
cavitated carious lesions, thereby contributing to the overall 
reduction in caries incidence and severity. The beneficial 
impact of fluoride has led to its widespread use in multiple 
oral care strategies, with water fluoridation being one of the 
most prominent public health measures adopted globally. 

The introduction of community water fluoridation 
programs has been associated with notable declines in dental 
caries prevalence across various populations. However, the 
systemic intake of fluoride, especially during the early 
developmental years of life—typically the first six years—
has been associated with an increased risk of dental 
fluorosis, a condition resulting from enamel 
hypomineralization [6]. Fluorosis presents a particular 
concern in children who are exposed to high levels of 
fluoride during the period of tooth development. Moreover, 
early and unsupervised use of fluoride toothpaste in young 
children has been identified as an additional risk factor, 
primarily due to the tendency of children to swallow 
toothpaste rather than expectorate it [7]. When formulating 
caries prevention strategies for pediatric patients, the 
potential risk of fluorosis necessitates careful consideration 
of the appropriate concentration of fluoride in oral care 
products. Clinical guidelines recommend that fluoride 
dosage and mode of delivery—whether through toothpaste, 
rinses, gels, foams, or varnishes—be tailored to the 
individual’s age and caries risk profile. This individualized 
approach ensures that fluoride use is both safe and effective, 
optimizing its protective benefits while minimizing the 
likelihood of adverse effects. As dental caries continues to 
pose a widespread health challenge, the strategic application 
of fluoride remains a key component in evidence-based 
dental public health interventions. 
Fluoride Role In Dental Caries: 

Fluoride plays a critical role in the prevention of 
dental caries through well-defined mechanisms that operate 
primarily through topical application. The primary anti-
cariogenic actions of fluoride are the inhibition of 
demineralization, promotion of remineralization, and 
suppression of plaque bacterial activity [8]. These effects 
explain why fluoride-containing products such as toothpaste, 
mouthwashes, and varnishes are effective in reducing caries 
risk. Conversely, systemic fluoride delivery via supplements 
like drops, lozenges, or tablets shows minimal benefit in 
caries prevention, reinforcing the superiority of topical over 
systemic fluoride exposure in clinical outcomes [8]. 

The mechanism by which fluoride inhibits tooth 
demineralization is strongly dependent on its presence in the 
oral environment at the time of acid challenge. It is important 
to recognize that fluoride incorporated into enamel during 
tooth development does not significantly alter the enamel's 

solubility in acid [9][10]. This suggests that systemic 
fluoride intake before tooth eruption has limited long-term 
protective value. The key protective function occurs when 
fluoride is present in the biofilm and plaque fluid 
surrounding enamel surfaces. This topically available 
fluoride plays a vital role in resisting enamel breakdown, 
particularly in areas where acidic by-products from bacterial 
metabolism initiate mineral loss. During acid attacks, 
fluoride present in the plaque fluid is carried along with the 
hydrogen ions into the enamel subsurface. There, it binds to 
the crystal lattice of enamel, effectively stabilizing it and 
preventing mineral dissolution. The formation of 
fluorapatite, a more acid-resistant compound than 
hydroxyapatite or carbonated apatite, is central to this 
process. Fluorapatite is formed by substituting the hydroxyl 
ion in hydroxyapatite with a fluoride ion, creating a structure 
that exhibits significantly lower solubility under acidic 
conditions [8]. This chemical change is a major factor in the 
resistance of enamel to demineralization in fluoride-rich 
environments. 

Fluoride's influence on remineralization is another 
essential element in caries control. In the natural 
remineralization process, the pH of the oral cavity is restored 
by salivary buffering, halting further enamel dissolution. 
Saliva, being supersaturated with calcium and phosphate, 
contributes these minerals back to the enamel surface. The 
presence of partially demineralized enamel crystals provides 
nucleation points for mineral redeposition [8]. Fluoride 
enhances this process by integrating into these subsurface 
crystals and facilitating the precipitation of new mineral 
layers. Specifically, fluoride adsorbs onto the demineralized 
enamel surfaces, attracting calcium ions and leading to the 
development of fluorapatite-like crystals. This process not 
only reinforces the enamel structurally but also reduces its 
solubility in future acid attacks. The repeated interaction of 
fluoride with these enamel sites strengthens the tooth over 
time and reverses the early stages of carious lesions. These 
fluoride-assisted repair mechanisms offer a practical and 
effective approach for non-invasive treatment of incipient 
caries. The third primary action of fluoride involves its 
impact on the metabolic activity of plaque bacteria. Under 
neutral pH, fluoride ions cannot cross bacterial cell 
membranes. However, during acidogenic conditions—
typical of cariogenic plaque—fluoride enters bacterial cells 
in the form of hydrogen fluoride (HF) [11][12]. The acid 
environment generated by bacterial metabolism facilitates 
this transformation. Once inside the cell, HF dissociates into 
hydrogen and fluoride ions, leading to acidification of the 
cytoplasm. This intracellular acidification disrupts bacterial 
metabolism and inhibits critical enzymes, such as enolase, 
that are essential for carbohydrate breakdown and acid 
production [12]. 

This antibacterial effect of fluoride is dose-
dependent and cumulative [8]. It reduces acid generation by 
the bacteria responsible for caries, particularly 
Streptococcus mutans, which further protects the enamel. 
The net outcome is a reduction in both the frequency and 
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severity of acid challenges to tooth surfaces. Over time, with 
regular exposure to fluoride, the overall cariogenic potential 
of dental plaque is reduced, adding another layer of defense 
against caries progression. Together, these three 
mechanisms—reduction of demineralization, promotion of 
remineralization, and suppression of bacterial activity—
highlight the importance of fluoride as a cornerstone in 
modern preventive dentistry. These effects explain the 
widespread inclusion of fluoride in professional dental 
treatments and over-the-counter products alike. The 
evidence favors consistent, low-level exposure to fluoride as 
a means of maximizing these protective benefits. Given its 
mechanism of action, the timing, frequency, and mode of 
fluoride application become crucial in designing effective 
caries prevention protocols, particularly in high-risk 
populations. The cumulative evidence from both laboratory 
and clinical studies continues to support the role of fluoride 
as the most efficient and accessible intervention against 
dental caries. Fluoride not only halts the progression of early 
lesions but also aids in rebuilding enamel and diminishing 
microbial virulence. For these reasons, public health 
strategies and clinical guidelines prioritize fluoride-based 
measures in individual and community-level dental care. 
Clinical Significance 
Community Water Fluoridation 

Community water fluoridation has been widely 
adopted for over fifty years as a reliable public health 
measure to combat dental caries. The most pronounced 
benefit of this intervention has been observed in children 
with deciduous and mixed dentition, where fluoride in water 
helps reduce enamel breakdown and supports healthy dental 
development [13][14][13]. Water fluoridation stands out due 
to its simplicity and cost-effectiveness. It provides 
consistent, low-level fluoride exposure to large populations 
without requiring individual compliance. Economically, its 
lifetime cost per person is significantly lower than the cost 
of a single dental restoration [15]. To balance effectiveness 
with safety, the United States Public Health Service advises 
a fluoride concentration of 0.7 mg/L in public water systems, 
which achieves the desired preventive outcomes while 
limiting the risk of dental fluorosis [16].  

However, recent changes in consumer behavior, 
particularly the increased consumption of bottled water, 
have raised concerns. Bottled water often contains fluoride 
levels below the recommended concentration [17]. In such 
scenarios, healthcare professionals must consider 
supplemental fluoride sources to maintain caries protection. 
Over time, as additional fluoride products such as toothpaste, 
rinses, and varnishes became widely available, the sole 
reliance on water fluoridation diminished. Nonetheless, 
water fluoridation continues to offer baseline protection, 
especially in underserved communities. For children 
residing in areas where the public water supply lacks 
adequate fluoride, clinicians often prescribe fluoride 
supplements to ensure adequate systemic intake [13][18]. 
The United States Preventive Services Task Force 
(USPSTF) recommends that primary care providers begin 
prescribing fluoride supplements to infants as early as six 

months old, provided their main source of drinking water 
lacks optimal fluoride levels [18]. This guidance underscores 
the preventive potential of systemic fluoride in populations 
without access to fluoridated water. Fluoride supplements 
are typically prescribed in the form of drops, tablets, or 
lozenges, offering flexibility in administration for various 
age groups. 
Dietary Fluoride Supplements 

Dietary fluoride supplements are available in 
several forms, including tablets, lozenges, and liquids that 
sometimes combine fluoride with vitamins [19]. The 
commonly used doses in these preparations are 0.25 mg, 0.5 
mg, and 1.0 mg, with sodium fluoride being the standard 
active component [19]. For infants, drops administered using 
a dropper are the preferred delivery method. In older 
children and adults, tablets and lozenges are typically 
prescribed with instructions to chew or suck on them for one 
to two minutes before swallowing. This method enhances 
the topical exposure of fluoride to tooth surfaces, thereby 
increasing the compound’s local protective action [20]. 
Evidence suggests that fluoride tablets used in this manner 
result in a significantly greater reduction in caries 
incidence—up to 80%—compared to simply swallowing the 
supplement. The effectiveness of fluoride supplementation 
depends on a thorough assessment of all fluoride sources 
available to the individual. This includes evaluating the 
regional fluoride concentration in drinking water and the 
person’s use of other fluoride-containing products like 
toothpaste or mouth rinses [19]. Supplementation aims to 
compensate for deficiencies without increasing the risk of 
overexposure, especially in children who are more 
vulnerable to fluorosis. For children at high risk of dental 
caries and living in areas with fluoride-deficient water—
defined as less than 0.3 ppm fluoride—daily systemic 
supplementation is recommended in age-specific dosages. 
Infants aged six months to three years should receive 0.25 
mg of fluoride daily. Children aged three to six years should 
receive 0.5 mg per day, while those over six years of age are 
advised to take 1.0 mg per day. These recommendations are 
based on maintaining therapeutic benefits while reducing the 
risk of adverse effects. 
Fluoride Toothpaste 

Fluoride toothpaste is one of the most effective 
and accessible tools for preventing dental caries in both 
primary and permanent teeth. It primarily delivers sodium 
fluoride (NaF), which increases the fluoride concentration in 
saliva substantially—by 100 to 1,000 times the baseline 
level immediately after brushing [21][22]. This elevated 
level gradually returns to normal within one to two hours 
[23], but the short-term fluoride boost plays a significant role 
in enamel remineralization and bacterial suppression. 
Toothbrushing with fluoride toothpaste should begin with 
the eruption of the first tooth, typically around six months of 
age [24]. Twice-daily brushing significantly lowers the risk 
of dental caries, with studies indicating a 14% reduction in 
incidence [25]. For effective plaque removal and prevention 
of excess fluoride ingestion, brushing in children under four 
years of age should always be supervised [26]. 
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A fluoride concentration of 1,000 ppm in 
toothpaste is effective in preventing decay in both primary 
and permanent teeth [7]. In the United States, the standard 
fluoride content in over-the-counter toothpaste ranges from 
1,000 to 1,100 ppm [19]. For children at high risk of caries, 
higher concentrations—ranging from 1,350 ppm to 1,500 
ppm—are recommended, especially from the age of seven 
and beyond. However, due to the immature swallowing 
reflex in children under six, toothpaste with 1,500 ppm 
fluoride is not recommended for this age group to avoid the 
risk of dental fluorosis [19]. Age-specific guidelines have 
been established to regulate the quantity of toothpaste used 
during brushing. Children under three should use a smear or 
rice-sized amount of toothpaste. From age three to six, a pea-
sized amount is appropriate [27]. These guidelines minimize 
fluoride ingestion while maintaining its protective benefits. 
Most commercially available fluoride toothpaste products 
do not exceed 1,500 ppm. Higher-strength formulations 
containing 2,800 ppm or 5,000 ppm fluoride are available by 
prescription and are generally reserved for patients at 
increased risk of caries. These concentrations are typically 
used as short-term interventions in individuals with active 
decay or in those undergoing dietary changes. In certain 
cases, such as patients with xerostomia or those with 
physical or cognitive impairments, high-fluoride toothpaste 
may be indicated for long-term use. Sodium fluoride 
toothpaste with 2,800 ppm concentration can be prescribed 
starting at age 10, while the 5,000 ppm version is appropriate 
from age 16. These prescriptions must be carefully managed 
to ensure patient safety while maximizing the therapeutic 
effects. 
Fluoride Mouthwash 

Fluoride mouthwash plays a supportive role in 
caries prevention by raising the fluoride concentration in 
both dental plaque and saliva, thereby enhancing topical 
fluoride availability in the oral environment [19]. Its 
mechanism involves depositing fluoride in the biofilm and 
saliva, making enamel more resistant to acid dissolution. To 
optimize its effect, fluoride mouthwash should be used at a 
separate time from toothbrushing. This strategy increases 
fluoride presence in the oral cavity across more hours of the 
day and maintains a steady exposure level to enamel surfaces 
[28]. The effectiveness of fluoride mouthwash depends on 
the concentration and frequency of use. Over-the-counter 
formulations commonly contain 230 ppm sodium fluoride 
and are designed for daily rinsing, while stronger solutions 
with 900 ppm fluoride are used weekly [29]. Despite their 
benefits, fluoride mouthwashes are not recommended for 
children under six years old due to a significant risk of 
ingestion and potential toxicity. In this age group, the risk of 
swallowing outweighs the potential protective benefits [6]. 
For older children, parental supervision during use is 
essential. Research shows that supervised use of mouthwash 
in children with permanent teeth leads to better caries 
prevention than unsupervised use. 
Fluoride Varnish, Gels, and Foams 

Professionally applied fluoride varnishes and gels 
remain essential tools for preventing caries in children, 
particularly those classified as high risk. Regular 
application—typically two or more times per year—has 
shown strong clinical outcomes, with fluoride varnish 
reducing caries incidence by 37% in primary teeth and 43% 
in permanent teeth [30]. Fluoride varnish is available in high 
concentrations, usually around 22,600 ppm, and is currently 
the only high-dose fluoride formulation approved for use in 
children under six. It can be safely applied two to four times 
annually depending on the individual’s caries risk. The 
United States Preventive Services Task Force (USPSTF) 
endorses fluoride varnish application by primary care 
providers for all children beginning with the eruption of the 
first primary tooth [18]. In the UK, its use is recommended 
from age three for children at risk of dental caries. The 
varnish is typically applied as a thin coating directly on 
susceptible areas such as incipient lesions, developmental 
enamel defects, and anatomical pits and fissures prone to 
decay. 

Fluoride varnish is generally well tolerated, 
though rare allergic reactions may occur, particularly in 
individuals with sensitivity to colophony (rosin), a common 
component in many varnish formulations [31]. 
Contraindications also include patients with contact 
dermatitis or stomatitis. Despite these considerations, 
varnish remains a preferred method of delivering high-
concentration fluoride in young children due to its safety and 
ease of application. Fluoride gels and foams offer another 
approach to topical fluoride delivery. These agents, typically 
ranging in concentration from 5,000 to 12,300 ppm, are 
applied in dental clinics using trays that cover the teeth for 
one to four minutes. While effective in preventing caries and 
remineralizing early lesions, gels and foams are not 
recommended for children under six due to the potential for 
ingestion [6]. For children over six, gel applications can be 
scheduled two to four times per year, based on caries risk. In 
non-fluoridated areas, their use has led to a 26% reduction in 
caries in permanent teeth. The American Dental Association 
(ADA) provides specific guidance on fluoride formulations 
based on age and delivery method. For children under six, 
2.26% sodium fluoride varnish (22,600 ppm) is the 
recommended option. For children older than six, a 1.23% 
acidulated phosphate fluoride (APF) gel with a 
concentration of 12,300 ppm is advised [28]. For home use, 
low-concentration fluoride gels are preferred. The ADA 
recommends 0.05% sodium fluoride gel (5,000 ppm) or 
0.15% stannous fluoride gel (1,000 ppm) for children over 
six years [19]. These gels allow for ongoing caries protection 
in between professional treatments. 
Silver Diamine Fluoride 

Silver diamine fluoride (SDF) has emerged as a 
cost-effective solution for managing dental caries, especially 
in high-risk populations such as children with limited access 
to dental care and older adults with special healthcare needs 
[32][33]. This colorless, alkaline liquid serves a dual 
function. The silver component acts as a potent antimicrobial 
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agent, arresting the progression of active lesions, while the 
fluoride component promotes remineralization. A major 
limitation of SDF use is the dark staining it leaves on the 
treated carious surfaces. This esthetic drawback limits its 
application to posterior teeth or cases where appearance is 
not a concern [34]. Nevertheless, its clinical value is 
significant, particularly in settings where traditional dental 
care is difficult to access due to barriers such as fear, 
transportation issues, or financial constraints [33]. Studies 
comparing annual SDF application to fluoride varnishes and 
gels administered multiple times per year suggest that SDF 
provides superior caries prevention in many cases [35]. This 
efficiency, combined with its simplicity and affordability, 
makes SDF an appealing option in public health programs 
and special-needs care. 
Slow-release Fluoride Beads 

Slow-release fluoride devices are another 
emerging method for sustained fluoride delivery. These 
beads are bonded to the teeth and slowly release fluoride 
over extended periods—often several years, helping prevent 
caries and encouraging remineralization of early enamel 
lesions. The most common types include copolymer 
membrane devices and glass fluoride-releasing beads. 
Research shows that these devices can elevate intraoral 
fluoride levels sufficiently to protect enamel from acid 
dissolution [36]. However, most available data come from in 
vitro or in situ studies, and clinical trials are still limited. This 
gap underscores the need for more human-based research 
before these devices can be widely adopted in clinical 
settings. Despite their potential, retention remains a major 
concern. The beads can become dislodged over time, 
especially in patients with high masticatory activity or poor 
oral hygiene. This limits their long-term reliability, although 
they may still offer benefits for selected high-risk individuals 
where daily compliance with fluoride therapy is not feasible 
[37]. In summary, fluoride-based products—from rinses to 
varnishes to innovative delivery devices—offer a range of 
options to manage and prevent dental caries across various 
patient populations. Each method must be selected based on 
age, risk level, compliance capacity, and treatment goals, 
ensuring maximum benefit with minimal risk. 
Table 1: Summary of Fluoride-Based Preventive Measures 
by Age Group and Risk Level 

Preven
tive 
Metho
d 

Recomm
ended 
Age 
Group 

Fluoride 
Concent
ration 

Frequ
ency 
of Use 

Indica
tion Notes 

Fluorid
e 
Toothp
aste 

6 months 
to 3 years 

~1000 
ppm 

Twice 
daily 

All 
childre
n 

Use smear 
size; 
supervise 
brushing 
to prevent 
swallowin
g 

Fluorid
e 

3 to 6 
years 

1000–
1100 
ppm 

Twice 
daily 

All 
childre
n 

Use pea-
sized 
amount; 

Preven
tive 
Metho
d 

Recomm
ended 
Age 
Group 

Fluoride 
Concent
ration 

Frequ
ency 
of Use 

Indica
tion Notes 

Toothp
aste 

avoid 
high-
fluoride 
toothpaste 

Fluorid
e 
Toothp
aste 

7+ years, 
high-risk 

1350–
1500 
ppm 

Twice 
daily 

High 
caries 
risk 

Standard 
recommen
dation for 
older 
children 
and adults 

Prescri
ption 
Toothp
aste 

10+ years 
/ 16+ 
years 

2800–
5000 
ppm 

Twice 
daily 

Very 
high 
risk 
(e.g., 
xerosto
mia) 

Short-
term or 
chronic 
use based 
on need 

Fluorid
e 
Mouth
wash 

6+ years 230–900 
ppm 

Daily 
or 
weekl
y 

Moder
ate-to-
high 
risk 

Not for 
children 
under 6 
years 

Fluorid
e 
Varnis
h 

All ages 
(esp. 
under 6) 

22,600 
ppm 

2–4 
times/
year 

High 
risk, or 
no 
access 
to 
dental 
care 

Can be 
applied by 
non-
dental 
profession
als 

Fluorid
e 
Gel/Fo
am 

6+ years 
5000–
12,300 
ppm 

2–4 
times/
year 

Non-
fluorid
ated 
regions 

In-office 
applicatio
n only 

Silver 
Diamin
e 
Fluorid
e 

Children, 
elderly, 
special 
needs 

44,800 
ppm 

Once/
year or 
as 
needed 

Active 
cavitat
ed 
lesions
, non-
aesthet
ic 
zones 

Leaves 
black stain 
on carious 
surfaces 

 
Ecological Approaches to Caries Prevention 

Ecological approaches to dental caries prevention 
aim to restore and maintain a balanced oral microbial 
environment rather than targeting individual pathogens. 
These strategies focus on supporting beneficial 
microorganisms, reducing the dominance of cariogenic 
species, and enhancing the host's natural defenses. One key 
element of this approach is the use of probiotics, which are 
live microorganisms that contribute to oral health by 
influencing the composition and function of the oral biofilm. 
Probiotics, often termed "good" bacteria, support the growth 
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and stability of a healthy oral microbiota. When introduced 
into the oral cavity, probiotics interact with the existing 
microbial community by disrupting the metabolic activity 
and structure of caries-associated bacteria, such as 
Streptococcus mutans [38][39]. This disturbance can shift 
the local microbial environment away from one that favors 
acidogenic and aciduric organisms toward a more balanced 
and less cariogenic biofilm. While the precise mechanisms 
are not yet fully understood, evidence suggests that 
probiotics may produce antimicrobial substances, compete 
for adhesion sites, and modulate the host immune response. 

Despite the promising concept, further research is 
needed to establish clear evidence regarding the long-term 
effects of probiotic use on the oral microbiome, especially in 
diverse populations. Nonetheless, randomized clinical trials 
involving children under five years have consistently 
reported improvements in oral microbial diversity following 
probiotic supplementation [5]. These findings support the 
potential use of probiotics as part of a caries prevention 
strategy during early childhood, a period marked by rapid 
changes in oral microbiota composition and high 
vulnerability to caries. In practical applications, probiotic-
enriched food and supplements have demonstrated positive 
outcomes. For instance, school-based nutrition programs 
that provided milk with added probiotics or distributed 
probiotic lozenges observed reductions in caries incidence 
among both preschoolers and school-aged children at high 
risk [39]. In addition to probiotics, some oral care products 
have been developed to actively modify the oral biofilm's 
ecology. One such innovation involves combining fluoride 
with arginine, a naturally occurring amino acid. Arginine is 
metabolized by specific oral bacteria to produce alkali, 
which helps neutralize plaque acids and maintain a neutral 
pH. When used in conjunction with fluoride, which 
strengthens enamel and enhances remineralization, this 
combination has shown greater anti-cariogenic effects than 
fluoride alone [40]. The synergistic action supports a less 
acidic and more protective biofilm environment, 
contributing to a reduced risk of demineralization and caries 
progression. 

Another emerging category of biofilm-modifying 
products includes toothpaste formulations that incorporate 
enzymes and salivary proteins. These formulations are 
designed to enhance the natural defense mechanisms of 
saliva, which include antimicrobial activity, buffering 
capacity, and maintenance of a stable oral pH. Clinical 
studies indicate that such toothpaste can favorably influence 
the oral microbial community by supporting the dominance 
of non-cariogenic species and reducing the prevalence of 
harmful bacteria [41]. By strengthening innate salivary 
functions, these products contribute to maintaining a 
healthier microbial ecology and may offer an additional 
preventive measure for individuals with reduced salivary 
flow or compromised oral defense systems. Overall, 
ecological approaches provide a more holistic and 
sustainable model for caries prevention. Rather than 
eliminating all bacteria, these strategies promote a healthy 

microbial balance, reduce disease-contributing factors, and 
enhance host resistance. Continued research into the 
mechanisms, applications, and long-term outcomes of these 
interventions will be essential for integrating them 
effectively into clinical and public health practice. 
Other Issues 
Fluorosis 

Dental fluorosis is a condition that results from 
excessive fluoride intake during the period of enamel 
formation. It presents with varying degrees of enamel 
discoloration and, in severe cases, surface pitting. Evidence 
shows that fluoride exposure during early childhood, 
especially through supplements or water containing fluoride 
levels above 0.7 ppm, increases the risk of fluorosis ranging 
from mild to severe [16][42]. One common route of 
excessive fluoride intake in children is the ingestion of 
fluoride toothpaste. If children under six years old swallow 
more than a pea-sized amount of toothpaste regularly, the 
likelihood of developing mild fluorosis increases 
significantly [43]. The risk of fluorosis is most significant in 
children under the age of four, as this is the critical period 
for the development of the permanent maxillary incisors and 
first molars. These teeth begin calcifying and maturing 
during this early stage. Between the ages of four and six, 
other teeth such as premolars and second molars undergo 
calcification and are also susceptible to fluorosis if excessive 
fluoride is consumed [6]. After the age of six, most of the 
permanent dentition has completed calcification, and the risk 
of developing fluorosis from systemic fluoride sources 
becomes negligible. Preventing fluorosis while ensuring the 
caries-preventive benefits of fluoride requires a cautious and 
informed approach. Caregivers and healthcare providers 
must ensure appropriate fluoride use by adhering to dosage 
guidelines and monitoring fluoride exposure. This includes 
supervising children’s brushing, using only the 
recommended amount of toothpaste, and considering the 
total fluoride intake from all sources, including water, 
dietary supplements, and topical applications. When used 
appropriately, fluoride remains safe and effective across all 
age groups. 
Impact of COVID-19 on Preventive Care 

The COVID-19 pandemic disrupted healthcare 
systems globally, and preventive dental care was not exempt 
from this impact. A study evaluating fluoride varnish 
applications during child wellness visits revealed a 
significant reduction in fluoride use, correlating with the 
general decline in routine dental visits during the pandemic 
[44]. This reduction was partly due to clinic closures, 
reduced operating hours, and infection control concerns. The 
decline highlights a broader public health concern: children 
missed essential preventive interventions that could 
influence their long-term oral health. These findings 
underscore the need for integrated care models, especially in 
pediatric settings. Physicians and other healthcare 
professionals play a pivotal role in ensuring children receive 
basic preventive dental services during routine medical 
appointments. Collaborative practice between medical and 
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dental professionals, including fluoride varnish application 
during wellness visits, may help bridge access gaps, 
particularly during health system disruptions like 
pandemics. With persistent risks of service interruptions, 
new models of care must be considered. Teledentistry has 
emerged as a promising solution for counseling, education, 
and triage, allowing dental professionals to remotely assess 
oral health risks and provide guidance. Additionally, 
expanding preventive dental services within medical offices, 
especially for pediatric patients, offers a sustainable way to 
maintain continuity of care during public health emergencies 
[45]. 
Barriers to DCP Practice Measures 

Despite the evidence supporting dental caries 
prevention (DCP) strategies, multiple barriers limit their 
widespread implementation in clinical practice. These 
include personal beliefs, attitudes, and external factors that 
influence dentist behavior and service delivery. One 
commonly reported barrier is the difficulty of managing 
young children during dental visits. In many settings, 
dentists perceive that children’s poor cooperation limits their 
ability to effectively administer preventive care 
interventions such as fluoride applications or sealants [46]. 
Another significant factor involves the personal attitudes of 
dentists. Many report feeling pressed for time during 
appointments, which leads to deprioritizing preventive 
procedures in favor of urgent or restorative treatments. Some 
practitioners also find preventive care less rewarding or 
more stressful due to perceived patient noncompliance or 
institutional limitations [46]. Beyond individual attitudes, 
demographic and professional characteristics also shape 
practice patterns. Research indicates that low compensation 
for preventive services is a major deterrent, cited by 25% of 
dentists as a reason for limited preventive care provision. 
Similarly, dentists who graduated more than a decade ago 
(22%) and male practitioners (19%) were less likely to 
engage in preventive dental practices. 

Conversely, there are enabling factors that support 
the integration of preventive care into routine dental 
practice. Team-based approaches in dental clinics were cited 
by 21% of dentists as a facilitator of DCP delivery. 
Teamwork allows for delegation, task sharing, and more 
efficient patient management, which improves the feasibility 
of preventive care implementation. Continued professional 
education also plays a critical role. Postgraduate training 
programs that emphasize caries prevention, along with 
updated clinical guidelines, were reported by 12% of dentists 
as influential in changing their practice. A similar percentage 
attributed their preventive approach to a deepened 
understanding of the clinical benefits of DCP [47]. These 
findings emphasize the importance of systemic and 
educational reforms to overcome barriers and support 
preventive care integration. Strengthening interprofessional 
collaboration, aligning incentives with evidence-based care, 
and investing in training programs for both new and 
experienced practitioners can foster a culture that prioritizes 
long-term oral health outcomes through prevention. 

Table 2: Barriers and Facilitators to Preventive Dental Care 
in Healthcare Settings. 

Category 
Specific 
Barrier or 
Facilitator 

Frequency 
or 
Reported 
Impact 

Source/Note
s 

Barriers 

Poor child 
cooperation High 

Limits 
intervention 
during visits 
[46] 

Lack of time in 
appointments High 

Reported 
across 
multiple 
studies [46] 

Low 
reimbursement 
for preventive 
care 

25% of 
dentists 
report as 
barrier 

[46] 

Lack of clear 
referral 
pathways 

Common 

Leads to 
fewer 
preventive 
referrals [44] 

Limited 
pediatric oral 
health training 

Widespread 
among 
pediatrician
s 

Affects 
ability to 
screen or 
refer [50] 

Facilitator
s 

Interprofessiona
l teamwork 

21% of 
dentists 
report as 
motivator 

Enhances 
care delivery 
[47] 

Postgraduate 
continuing 
education 

12% 
positive 
impact on 
practices 

Reinforces 
evidence-
based care 
[47] 

Clear 
understanding 
of preventive 
benefit 

12% of 
practitioners 
influenced 

Promotes 
consistent 
DCP use 

Fluoride varnish 
use by non-
dental staff 

Growing 
adoption 

Supported by 
USPSTF and 
public health 
data 

Medical–dental 
care integration 
(e.g., in 
pediatric care) 

Emerging 
model 

Reduces 
ECC 
incidence in 
high-risk 
children 

 
Enhancing Healthcare Team Outcomes 

Oral health is closely linked to general health, 
especially in the early years of life, yet it remains a low 
priority within pediatric primary care. Dental caries, a 
preventable condition, continues to affect a large proportion 
of children globally. Collaborative healthcare models that 
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incorporate oral health into routine pediatric care can 
significantly reduce the burden of early childhood caries 
(ECC). Interdisciplinary teamwork among pediatricians, 
family physicians, dentists, nurses, and other community 
health professionals is essential to ensure timely preventive 
interventions and referrals. Primary care providers (PCPs) 
such as pediatricians and family doctors play a unique role 
in shaping a child’s health trajectory. They often see children 
several times before a dentist is involved, particularly during 
vaccination appointments and routine child development 
checks [44][48]. These regular interactions position PCPs to 
influence parental behavior and reinforce the importance of 
early oral care. Yet, many PCPs do not integrate dental caries 
prevention into their practice, often due to a limited 
understanding of dental public health strategies, time 
constraints, or a perception that oral health falls solely under 
the domain of dental professionals [50]. 

Evidence supports that primary care providers can 
positively impact oral health outcomes when they engage in 
caries prevention efforts. A review of interventions targeting 
pregnant women and young mothers showed that oral health 
counseling by medical professionals can reduce the risk of 
ECC in their children [49]. These interventions included 
dietary advice, oral hygiene education, and referral to dental 
services. Educating mothers during pregnancy about proper 
infant feeding practices, the impact of maternal oral bacteria 
on their child’s oral flora, and the need for early dental visits 
can prevent the vertical transmission of cariogenic bacteria 
and improve children’s long-term oral health. However, 
research indicates that many pediatricians only refer children 
to the dentist when high caries risk is identified [50]. Routine 
referrals for preventive care are less common, which delays 
the introduction of preventive dental measures. In several 
studies, it was observed that pediatricians lacked training in 
oral health assessment and were uncertain about the 
appropriate referral age and protocols [44]. This situation 
highlights the need for structured interprofessional 
education (IPE) and clear referral pathways. Dental teams 
should collaborate with primary care units to establish 
streamlined systems that make dental referrals efficient and 
standardized. 

Interprofessional education has been shown to be 
effective in bridge this gap. Training programs that involve 
joint learning for medical and dental students or continuing 
education for practicing providers can enhance awareness, 
confidence, and competence in addressing children’s oral 
health needs [48]. For example, incorporating oral health 
modules into pediatric residency programs improves the 
likelihood that physicians will conduct oral health 
screenings, apply fluoride varnish, and educate caregivers 
about ECC prevention. Healthcare professionals other than 
dentists can also be trained to identify the early signs of 
dental caries. White spot lesions at the gingival margin, 
brown pits or fissures on the occlusal surfaces, and enamel 
breakdown are visible signs that can be detected during 
routine examinations by pediatricians or nurses [4]. Early 
detection is critical, as non-cavitated lesions can be arrested 

or reversed with timely fluoride application, dietary 
counseling, and improved oral hygiene. 

Fluoride varnish, a proven intervention for caries 
prevention, can be safely and effectively applied by non-
dental professionals. Studies show that medical practitioners 
who receive appropriate training can apply fluoride varnish 
during well-child visits without adding significant time or 
burden to appointments. This practice is particularly 
beneficial in underserved areas where access to dental care 
is limited. In the United States, several states permit non-
dental providers to apply fluoride varnish through public 
health initiatives. Such policies have contributed to 
increased access to preventive oral healthcare for children at 
high risk of ECC. Expanding the scope of oral health 
interventions to include a broader group of trained personnel 
can improve outcomes and reduce the incidence of caries. 
Nurses, community health workers, and school staff can be 
trained to deliver preventive education, conduct screenings, 
and assist with fluoride varnish application. These 
individuals often interact with children and families in both 
clinical and non-clinical settings, offering opportunities to 
reinforce preventive messages. Integrating oral health into 
community outreach programs and school health services 
can amplify the reach of dental public health strategies. 

Effective interdisciplinary collaboration requires 
organizational support and clear role delineation. Each 
member of the healthcare team should understand their 
responsibilities in oral health promotion. Pediatricians 
should perform initial screenings and provide anticipatory 
guidance; nurses can reinforce education and assist with 
fluoride application; dentists can offer definitive diagnosis 
and treatment. Communication between professionals 
should be systematic, using shared documentation and 
referral protocols to ensure continuity of care. Teledentistry 
can support interprofessional collaboration by allowing non-
dental professionals to consult remotely with dental 
specialists. Through image sharing and virtual assessments, 
dentists can guide PCPs in managing minor dental issues or 
determining when an in-person referral is needed. This 
approach is especially useful in rural and underserved areas, 
where access to dental care is limited. 

Despite these promising strategies, challenges 
remain. Time pressures during medical appointments, 
inadequate reimbursement, and lack of integration between 
medical and dental electronic records hinder the widespread 
adoption of oral health practices in primary care. Addressing 
these barriers will require systemic changes, including 
policy reforms, funding support, and better alignment 
between health disciplines. To improve healthcare 
outcomes, especially for vulnerable pediatric populations, 
oral health must be embraced as a shared responsibility 
among all healthcare providers. Interprofessional 
collaboration ensures that oral health promotion and disease 
prevention are integrated into routine healthcare rather than 
treated as an isolated specialty. This model not only reduces 
the prevalence of ECC but also enhances overall child health 
and development. Oral health education, preventive care, 
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and timely referrals should become standard practice within 
pediatric care, supported by well-designed training 
programs, policy initiatives, and coordinated care systems. 
When the healthcare team functions as a unified network 
with shared goals, the impact on children's oral and general 
health is substantial and enduring. 
Conclusion: 

Fluoride continues to play a pivotal role in the 
prevention and management of dental caries, supported by 
decades of research demonstrating its efficacy in reducing 
caries incidence through multiple mechanisms. Its primary 
actions—enhancing remineralization, inhibiting 
demineralization, and suppressing acidogenic bacteria—
make it indispensable in both clinical and public health 
settings. Topical fluoride applications, such as toothpaste, 
varnishes, and mouth rinses, have proven more effective 
than systemic methods, emphasizing the importance of 
localized fluoride exposure in caries prevention. Community 
water fluoridation remains one of the most equitable and 
cost-effective public health measures, significantly reducing 
caries prevalence, particularly in underserved populations. 
However, the rise in bottled water consumption and varying 
fluoride concentrations in drinking water necessitate 
supplemental strategies, such as professionally applied 
fluoride varnishes and prescription high-fluoride toothpaste 
for high-risk individuals. The recommended fluoride 
concentration of 0.7 mg/L in public water systems balances 
efficacy with safety, minimizing fluorosis risk while 
maintaining caries prevention benefits. Despite fluoride’s 
advantages, challenges persist, including the risk of dental 
fluorosis in young children due to excessive ingestion of 
fluoride toothpaste or supplements. Caregiver education and 
adherence to age-specific fluoride guidelines are crucial in 
mitigating this risk. Additionally, the COVID-19 pandemic 
highlighted gaps in preventive dental care, underscoring the 
need for integrated medical-dental collaboration, 
teledentistry, and expanded fluoride varnish applications in 
pediatric primary care. Emerging alternatives like silver 
diamine fluoride (SDF) offer promising solutions for high-
risk and special-needs populations, though esthetic concerns 
limit their use. Ecological approaches, including probiotics 
and arginine-enhanced products, represent innovative 
strategies to modulate the oral microbiome and complement 
fluoride-based prevention. Barriers to widespread 
preventive care implementation—such as limited provider 
training, financial constraints, and patient compliance—
must be addressed through interprofessional education, 
policy reforms, and incentivizing preventive practices. By 
optimizing fluoride delivery methods, promoting 
collaborative healthcare models, and advancing research on 
alternative therapies, the dental community can enhance 
caries prevention and reduce global oral health disparities. 
Fluoride remains the gold standard in caries management, 
but its success depends on evidence-based, patient-centered 
approaches tailored to individual and community needs. 
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 .ةين�لما تاداشرلإاو ،ةماعلا ة>;لا تاناي¢و ،ةHرHرسلا

 34كأ )شlنرولاو نانسلأا نو�¦م لثم( ةيعضولما ديارولفلا تاقيبطت نأ تvث :جئاتنلا

لااعف  ءارجإ هايلما رولفت لظHو .سوسUلا نم ةياقولا mn يزا��yا ديارولفلا نم ةيلاعف
 

 نم 

 .ه4[ثأت نم تللق دق ةأبعلما هايلما كلا»ªسا ةداHز نأ مغر ،ةماعلا ة>;لا mn ةفلMتلا ثيح

 .ديارولفلل ةسداسلا نس نود لافطلأا ضرع% ميظنت للاخ نم رولفتلا رطخ ليلقت نكمي

 قلاطلإا تاذ ةز�جلأاو ي¯انثلا �®فلا ديارولفلا لثم ،ةديد�yا تايجيتا�4سلاا ر�ظ ت امك

 .ةروط�yا ةيلاع تائفلا mn ةدعاو جئاتن ،ءيطبلا

 نكل ،نانسلأا سوس% نم ةياقولا mn ةيلاعف 34كلأا ةليسولا ديارولفلا لازي لا :جاتSتسلاا

 ن[ب نواعتلا دع ²و .درفلا ىدل ةروط�yا ىوتسلم قيقد مييقت ABع  ءانب ھمادختسا بجي

 دئاوف ميظعتل ا Hرورض ا رمأ ةماعلا ةي>;لا تاسايسلا ليعفتو ةفلت��ا تاصصختلا

 .ةيvنا�yا هراثآ نم د>yاو ديارولفلا

 بط ،نانسلأا رولفت ،ندعمتلا ةداعإ ،ديارولفلا ،نانسلأا سوس% :ةيحاتفلما تاملUلا

 .ةماعلا ة>;لا ،ي¯اقولا نانسلأا
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