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Abstract 

Dental fluorosis is a developmental disorder of enamel caused by excessive fluoride intake during the 

period of amelogenesis. Despite the well-established cariostatic benefits of fluoride, its chronic 

overexposure leads to structural and aesthetic alterations in enamel. The aim of this study was to 

analyze the etiological factors and pathogenetic mechanisms underlying dental fluorosis as a 

pathology of hard dental tissues formed during tooth development. A narrative review of 

contemporary literature was conducted using major scientific databases. The results demonstrate that 

fluorosis is a dose- and time-dependent condition associated with ameloblast dysfunction, impaired 

protein degradation, and defective mineralization. The severity of enamel damage varies from mild 

opacities to severe hypomineralization with structural breakdown. Understanding the mechanisms of 

fluorosis is essential for prevention, early diagnosis, and rational management of this condition. 
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Introduction 

Pathological changes in hard dental tissues arising during tooth development constitute a significant 

group of non-carious lesions in modern dentistry. These disorders originate during the process of 

amelogenesis and are irreversible, as enamel lacks regenerative capacity. Among such conditions, 

dental fluorosis occupies a central place due to its high prevalence and direct association with 

environmental exposure. 

Fluoride is widely recognized for its preventive effect against dental caries. However, its beneficial 

role is strictly dose-dependent. When systemic fluoride intake exceeds optimal levels during critical 

periods of enamel formation, it disrupts normal amelogenesis, leading to dental fluorosis. 

In recent decades, the prevalence of fluorosis has increased globally due to multiple sources of 

fluoride exposure, including fluoridated drinking water, dental hygiene products, and dietary intake. 

This makes fluorosis not only a clinical issue but also a public health concern. 

Aim of the study: 

To analyze the etiological factors and pathogenetic mechanisms of dental fluorosis as a 

developmental disorder of hard dental tissues. 

Materials and Methods 

Methods of Analysis 

• Comparative analysis of findings  

• Systematic synthesis of pathogenetic mechanisms  

• Evaluation of epidemiological and experimental data  

Results 

Etiological Factors of Dental Fluorosis 

Dental fluorosis develops as a result of chronic excessive fluoride intake during enamel formation. 

The critical susceptibility period spans from early childhood to approximately 6–8 years of age, 

depending on the tooth group. 

1. Drinking Water 

The primary source of fluoride exposure is drinking water. Fluoride concentrations exceeding 1.0–

1.5 mg/L significantly increase the risk of fluorosis. In endemic regions, natural fluoride levels may 

be substantially higher. 
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2. Dental Hygiene Products 

Young children frequently ingest fluoride-containing toothpaste due to incomplete swallowing reflex 

control. This represents a significant risk factor, especially when high-fluoride formulations are used. 

3. Dietary Sources 

Certain foods and beverages, particularly tea and seafood, contain elevated fluoride concentrations. 

Processed foods prepared with fluoridated water may further contribute to cumulative intake. 

4. Environmental and Industrial Exposure 

Populations living near industrial facilities (e.g., aluminum production, phosphate fertilizers) may be 

exposed to fluoride through air and soil contamination. 

5. Individual Susceptibility 

Biological variability, including genetic factors, nutritional status (calcium intake), and renal 

function, influences fluoride metabolism and toxicity. 

Pathogenesis of Dental Fluorosis 

The pathogenesis of fluorosis is closely related to disturbances in enamel formation, particularly 

during the secretory and maturation stages of amelogenesis. 

1. Ameloblast Dysfunction 

Fluoride alters ameloblast morphology and function. It disrupts cytoskeletal organization and cellular 

signaling, impairing the cells responsible for enamel formation. 

2. Impaired Protein Degradation 

During normal amelogenesis, enamel matrix proteins (mainly amelogenins) are degraded and 

removed to allow mineral deposition. Fluoride inhibits proteolytic enzymes, resulting in protein 

retention. 

3. Disturbed Mineralization 

Retention of organic matrix components interferes with the growth and maturation of hydroxyapatite 

crystals. This leads to incomplete mineralization of enamel. 

4. Increased Porosity of Enamel 

As a result of defective mineralization, enamel becomes porous, particularly in the subsurface layer. 

Clinically, this manifests as opacity and discoloration. 

5. Oxidative Stress Mechanisms 

Recent studies suggest that fluoride exposure induces oxidative stress in ameloblasts, contributing to 

cellular damage and impaired enamel formation. 

Dose–Response Relationship 

The severity of fluorosis correlates with fluoride dose, duration of exposure, and timing relative to 

tooth development stages. 

• Low exposure: mild opacities  

• Moderate exposure: white and brown discolorations  

• High exposure: structural defects, pitting, enamel breakdown  

Discussion 

The results confirm that dental fluorosis is a multifactorial condition influenced by environmental 

exposure, behavioral habits, and individual biological factors. While fluoride remains essential for 

caries prevention, its uncontrolled intake poses a risk for developing enamel defects. 

The variability in clinical manifestations suggests that genetic predisposition and systemic health 

conditions may modulate the toxic effects of fluoride. Additionally, socioeconomic and educational 

factors play a role in fluoride exposure, particularly in children. 

From a public health perspective, it is critical to balance the benefits and risks of fluoride use. 

Preventive strategies should include monitoring fluoride levels in drinking water, regulating fluoride 

concentration in dental products, and educating parents about appropriate toothpaste use in children. 

Conclusion 
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Dental fluorosis is a developmental pathology of hard dental tissues resulting from excessive fluoride 

intake during amelogenesis. Its pathogenesis involves complex disturbances in ameloblast function, 

protein metabolism, and enamel mineralization, leading to hypomineralized and porous enamel. 

Effective prevention requires controlled fluoride exposure, especially during early childhood. 

Understanding etiological and pathogenetic mechanisms is essential for improving preventive 

strategies and reducing the global burden of fluorosis. 
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