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Abstract

Dental caries is one of the most common chronic diseases affecting children and
remains an important problem in pediatric dentistry and public health. Its development
Is associated with a complex interaction between dental biofilm, dietary carbohydrates,
host factors, salivary protection, fluoride exposure, oral hygiene, behavioral patterns,
and socioeconomic conditions. Modern pediatric dentistry has therefore shifted from a
predominantly restorative approach toward prevention, early detection, risk assessment,
remineralization, and preservation of healthy tooth structure.

This article reviews contemporary approaches to preventing dental caries in
children, including fluoride use, mechanical plaque control, dietary modification, pit
and fissure sealants, remineralization, professional preventive care, caries risk
assessment, parental involvement, school-based programs, and digital technologies.
The analysis demonstrates that no single preventive measure is sufficient to control
childhood caries. The greatest benefit is achieved through a combination of regular
fluoride toothpaste use, effective oral hygiene, reduction in the frequency of sugar
consumption, professional fluoride application when indicated, sealing of susceptible
pits and fissures, early management of non-cavitated lesions, and regular risk-based
dental monitoring. Parental participation and school-based education are also
important for establishing sustainable oral health behaviors. Modern prevention should
begin before cavitation develops and should be continuously adapted according to the

child's age and individual caries risk.
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1. INTRODUCTION

Dental caries is a multifactorial disease caused by interactions between dental
biofilm, fermentable dietary carbohydrates, susceptible tooth surfaces, and time. It is
one of the most common oral diseases in childhood and can affect both primary and
permanent teeth. Although dental caries is largely preventable, it continues to represent
a significant public health challenge.

The consequences of untreated caries extend beyond the oral cavity. Children
may experience pain, sensitivity, difficulty chewing, disturbed sleep, reduced appetite,
and problems with concentration at school. Severe disease may result in infection and
premature tooth loss. Therefore, prevention of dental caries should be considered an
important component of overall child health.

Historically, caries management focused mainly on detecting and restoring
cavities. Modern dentistry recognizes that restoration alone does not eliminate the
factors responsible for disease development. A restored tooth can develop new lesions
iIf poor oral hygiene, frequent sugar consumption, inadequate fluoride exposure, or
other risk factors persist.

Contemporary pediatric dentistry consequently emphasizes prevention, early
diagnosis, control of risk factors, remineralization, and preservation of natural tooth
tissues. Caries is now understood as a dynamic process involving periods of
demineralization and remineralization. When protective factors such as saliva and
fluoride outweigh pathological factors, early non-cavitated lesions may become
arrested or partially remineralized.

Dental biofilm plays a central role in this process. Frequent exposure to
fermentable carbohydrates can favor acid-producing and acid-tolerant microorganisms,

resulting in repeated reductions of pH at the tooth surface. Dietary behavior,
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particularly the frequency of sugar consumption, is therefore an important target of
prevention.

Fluoride remains one of the most effective preventive agents. Its main benefits
after tooth eruption are associated with reducing mineral dissolution and promoting
remineralization. Fluoride toothpaste is therefore a fundamental component of daily
oral hygiene, although its use in young children should be supervised to minimize
excessive ingestion.

Pit and fissure sealants are another important preventive measure. The deep
fissures of newly erupted permanent molars can retain biofilm and are difficult for
children to clean effectively. Sealants provide a physical barrier that protects
susceptible surfaces from caries development.

Individual caries risk assessment is also central to modern prevention. Previous
caries experience, active initial lesions, oral hygiene, dietary habits, fluoride exposure,
socioeconomic circumstances, and access to dental care may influence the probability
of future disease. Preventive strategies should therefore be adapted to individual risk.

The objective of this article is to review modern approaches to the prevention of
dental caries in children and to emphasize the importance of combining biological,
behavioral, professional, and public health interventions.

2. MATERIALS AND METHODS

The present work was conducted as a narrative review of contemporary
approaches to dental caries prevention in children. Scientific literature concerning
preventive measures from infancy through adolescence was considered.

The main areas reviewed included fluoride use, mechanical plaque control,
dietary modification, pit and fissure sealants, remineralization, professional preventive
care, caries risk assessment, parental involvement, school-based programs, and

emerging digital technologies.
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Preventive interventions were considered in three categories. Primary prevention
included measures intended to prevent the initial development of caries, such as
fluoride toothpaste, oral hygiene, dietary control, professional counseling, and sealants.
Secondary prevention included management of early, non-cavitated lesions through
fluoride, remineralization, biofilm control, dietary modification, and professional
monitoring. Tertiary prevention included measures intended to reduce further disease
following established or previously treated caries.

The overall preventive approach was evaluated not only according to biological
effectiveness but also according to adherence, accessibility, parental involvement, and
long-term sustainability.

3. RESULTS AND DISCUSSION

3.1. Fluoride Prevention

Fluoride remains a cornerstone of pediatric caries prevention. After tooth
eruption, topical fluoride can interact directly with enamel, reduce mineral dissolution
during acid attacks, and support remineralization of early lesions.

Fluoride toothpaste is particularly effective because it combines mechanical
plague removal with repeated topical fluoride exposure. Children should generally
brush their teeth regularly with fluoride toothpaste, while young children should be
supervised by caregivers. The quantity of toothpaste should be appropriate for the
child's age and developmental stage, and children should be encouraged to spit rather
than swallow it.

Professional fluoride application, particularly fluoride varnish, may provide
additional protection for children with elevated caries risk. It can be considered for
children with previous caries experience, active initial lesions, orthodontic appliances,
or inadequate fluoride exposure.

Fluoride prevention should nevertheless be individualized. Dental professionals

should consider age, caries risk, total fluoride exposure, and local conditions to
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achieve an appropriate balance between caries prevention and avoidance of excessive
ingestion.

3.2. Oral Hygiene and Mechanical Plaque Control

Effective mechanical plaque control is essential because dental biofilm provides
the environment in which cariogenic microorganisms metabolize dietary carbohydrates.
Regular removal of biofilm reduces prolonged acid production and supports fluoride
effectiveness.

Toothbrushing twice daily is a fundamental preventive measure. Young children
frequently lack the manual dexterity needed to clean all tooth surfaces effectively,
making parental assistance particularly important. Special attention should be given to
posterior teeth, gingival margins, and newly erupted permanent molars.

As children grow, they should gradually develop independent brushing skills,
but supervision should continue until effective cleaning can be achieved. Professional
demonstrations, disclosing agents, and visual instruction may improve brushing
technique.

Interdental cleaning should be introduced when tooth contacts prevent adequate
cleaning with a toothbrush. Parents may need to assist younger children with floss or
other interdental devices.

3.3. Dietary Modification

Diet is a major modifiable risk factor for dental caries. When fermentable
carbohydrates are metabolized by dental biofilm, acids are produced and enamel
demineralization can occur. Repeated exposure may result in cumulative mineral loss.

The frequency of sugar consumption is particularly important. Frequent snacks
and repeated consumption of sweetened beverages produce multiple episodes of low
pH and increase the time during which demineralization occurs. Preventive counseling
should therefore emphasize reducing the frequency of sugary foods and drinks,

especially between meals.
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Water should generally be encouraged as the main beverage between meals.
Sweetened drinks should not be consumed slowly over long periods because prolonged
exposure increases the risk of caries.

Dietary advice should be realistic rather than based on complete prohibition of
sweets. Families should be encouraged to reduce frequent sugar exposure, limit
sweetened beverages, and maintain a balanced diet. Preventive advice should begin
during infancy and continue throughout childhood.

3.4. Pit and Fissure Sealants

Pit and fissure sealants are an important minimally invasive method for
preventing occlusal caries. Newly erupted permanent molars are particularly
susceptible because their deep fissures may retain biofilm and are difficult to clean.

Sealants act mainly by creating a physical barrier over susceptible pits and
fissures. They are especially valuable in children with elevated caries risk and are
consistent with the modern philosophy of preserving healthy tooth structure.

Their effectiveness depends on appropriate placement and retention. Sealants
should therefore be evaluated during routine dental examinations and repaired or
replaced when necessary.

Sealants should not be considered a substitute for fluoride, oral hygiene, or
dietary control. Their greatest preventive benefit occurs when they form part of an
integrated risk-based program.

3.5. Remineralization and Early Lesion Management

Modern caries management recognizes that early non-cavitated lesions can
potentially be arrested or remineralized. Before cavitation develops, improvement of
oral conditions may shift the balance from demineralization toward remineralization.

Saliva, fluoride, dietary control, and biofilm management all contribute to this

process. Instead of immediately removing tooth tissue, clinicians can often manage
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early lesions through improved oral hygiene, dietary modification, fluoride exposure,
and regular monitoring.

This minimally invasive approach preserves natural tooth structure and may
reduce the need for future restorative procedures. Calcium- and phosphate-containing
products may be used as adjuncts in selected situations, but they should not replace the
basic preventive measures of fluoride toothpaste, plaque control, and dietary
management.

3.6. Caries Risk Assessment

Not all children have the same risk of developing dental caries. Previous caries
experience, active white-spot lesions, poor oral hygiene, frequent sugar intake,
inadequate fluoride exposure, orthodontic treatment, and limited access to dental care
may increase risk.

Risk assessment should be continuous because a child's status may change with
age, eruption of permanent teeth, changes in diet, oral hygiene, orthodontic treatment,
or social circumstances.

Low-risk children may require routine preventive care, whereas moderate- and
high-risk children may benefit from more frequent examinations, professional fluoride
applications, sealants, intensive dietary counseling, and closer monitoring of early
lesions.

Risk-based prevention also allows healthcare resources to be used efficiently by
providing more intensive care to children who need it most.

3.7. Role of Saliva

Saliva provides important natural protection against dental caries. It helps clear
food particles, neutralize acids, lubricate oral tissues, and supply calcium and
phosphate ions necessary for remineralization.

Reduced salivary flow can increase susceptibility to caries. For children who can

safely chew gum, sugar-free chewing gum may stimulate salivary flow and provide an
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additional protective effect. Xylitol-containing products may also be considered as a
supportive measure.

These approaches remain complementary and cannot replace fluoride toothpaste,
effective oral hygiene, dietary control, and professional dental care.

3.8. Professional Preventive Care

Regular dental examinations are essential because early carious lesions are often
asymptomatic. Waiting until pain develops may result in delayed diagnosis and more
extensive disease.

Professional care allows dentists to assess oral hygiene and caries risk, identify
early lesions, monitor tooth eruption, apply fluoride varnish, place sealants, and
provide individualized dietary and oral hygiene counseling.

The frequency of dental visits should be determined according to individual risk.
Children at high risk may require shorter recall intervals than those at low risk.

3.9. Parental and School-Based Prevention

Parents and caregivers play a central role in establishing children’s oral health
behaviors. They control food availability, supervise brushing, purchase oral hygiene
products, and arrange dental visits. Consequently, parental knowledge and behavior
have a major influence on preventive outcomes.

Dental professionals should provide clear and practical instructions concerning
brushing, toothpaste use, dietary habits, and dental attendance. Positive reinforcement
and consistent family routines can improve children's adherence to preventive
behaviors.

Schools provide an additional setting for oral health promotion. School-based
programs may include oral health education, supervised brushing, nutritional education,
fluoride-related interventions, and referral for professional care. Such programs can be
particularly valuable in communities with limited access to dental services.

3.10. Digital Technologies
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Digital technologies are increasingly being incorporated into preventive
dentistry. Mobile applications can provide reminders for brushing and dental
appointments, while digital photographs can help monitor changes in early lesions.

Teledentistry may improve communication between families and dental
professionals when geographical or logistical barriers exist. Artificial intelligence-
assisted systems are also being developed to support caries detection and risk
prediction.

However, these technologies should complement rather than replace
professional examination. Their main value lies in improving motivation,
communication, documentation, and continuity of preventive care.

3.11. Integrated Preventive Strategy

The overall findings indicate that no single intervention can completely prevent
childhood dental caries. Fluoride is highly effective but cannot compensate for severe
dietary problems or inadequate plaque control. Sealants protect susceptible fissures but
do not cover all tooth surfaces. Dietary modification is important but may be difficult
to maintain without family support.

The most effective strategy is therefore multifactorial and individualized. It
should include regular fluoride toothpaste use, effective mechanical plaque control,
reduction in frequent sugar consumption, sealants when indicated, professional
fluoride application for high-risk children, early management of non-cavitated lesions,
and regular risk-based monitoring.

Prevention should also follow a life-course approach. During infancy, the focus
should be on parental education and healthy feeding practices. In preschool children,
supervised brushing and dietary control are particularly important. With eruption of
permanent molars, sealants and intensified monitoring may be appropriate. During
adolescence, preventive education should increasingly emphasize personal

responsibility and long-term oral health.
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The preventive process can be viewed as a continuous cycle: risk assessment —
identification of modifiable factors — preventive intervention — monitoring —
reassessment. Because caries risk changes over time, this cycle should be repeated
throughout childhood and adolescence.

4. CONCLUSION

Dental caries remains a major health problem among children, but it can largely
be prevented through coordinated and evidence-based measures. Modern pediatric
dentistry has shifted from a treatment-centered philosophy toward prevention, early
diagnosis, remineralization, risk assessment, and preservation of natural tooth structure.

The principal preventive measures include regular use of fluoride toothpaste,
effective mechanical plaque control, reduction in the frequency of sugar consumption,
appropriate dietary habits, professional fluoride application for children at increased
risk, and pit and fissure sealants for susceptible teeth. Early detection and conservative
management of non-cavitated lesions provide additional opportunities to prevent
disease progression.

Parents and caregivers are essential for establishing healthy oral hygiene and
dietary behaviors, supervising young children, and ensuring regular dental attendance.
Schools can reinforce these behaviors through structured oral health education and
population-based preventive programs.

Individual caries risk assessment is necessary because children's susceptibility
varies considerably. High-risk children require more intensive preventive support and
closer monitoring, while low-risk children may be managed with routine preventive
measures.

Digital technologies, including mobile applications, teledentistry, digital
imaging, and artificial intelligence-assisted systems, may further strengthen prevention

by improving motivation, communication, early detection, and monitoring.
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Nevertheless, these technologies should complement established preventive measures
rather than replace professional clinical judgment.

In conclusion, the most effective approach to preventing childhood dental caries
Is early, continuous, multifactorial, and individualized. Combining fluoride, oral
hygiene, dietary control, sealants, professional care, parental participation, and public
health interventions can reduce caries incidence and progression, preserve healthy
tooth structure, and improve children's oral health and quality of life.
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