
 1 

 

 

TRABAJO DE FIN DE GRADO  

Grado en Odontología  

 

 

IS TOPICAL FLUORIDE SAFE FOR 

CHILDREN? 

 

 

 

 

Madrid, curso 2020/2021 

 

                                                                                Número identificativo  230 

 



 2 

AGRADECIMIENTOS 
 

A MI DIRECTOR(A) DE TESIS, por haber aceptado supervisar esta tesis. Me has guiado con la 

mayor claridad, con gran benevolencia y tus consejos siempre han sido invaluables para mí. 

Tenga la seguridad de mi gran admiración y mi más profundo agradecimiento. 

 

A mes chers parents, sans qui rien n’aurait été possible. Aucun hommage ne sera à la hauteur 

de leur dévouement et de leur amour sans limite. Vous avez été mes modèles et m’avez initié 

dès le plus jeune âge au métier de la santé. J’espère suivre vos pas et l’exercer avec autant de 

brio que vous. 

 

A Wanis et Lina, mon frère et ma sœur, qu’on nous garde liés à vie. 

 

A Arthur, pour avoir été mon pilier ces 5 dernières années, jamais un simple merci ne suffira à 
te témoigner ma reconnaissance. 
 

 

A Shooting Corsica, mon équipe de choc, présentes dans les rires et dans les pleurs ; vous avez 

su m’apporter l’amour et le soutien d’une famille.  

 

A mes ami(e)s en France, votre soutien de près ou de loin a été précieux pour moi.  

 
 
 
 
 
 
 

 



 3 

I. RESUMEN / ABSTRACT .......................................................................................................................... 6 

II. INTRODUCTION: .................................................................................................................................... 8 

A. CONTEXT ..................................................................................................................................................... 8 

B. DENTAL CARIES AND MONDIAL PREVENTION PLAN ................................................................................................ 8 

C. FLUORIDE (HISTORY, CHEMISTRY AND INTEREST IN PUBLIC HEALTH) ........................................................................ 11 

D. ANATOMICAL REMINDER AND THE ACTION OF FLUORIDE ON THE DIFFERENT STRUCTURES ........................................... 13 

i. Enamel ............................................................................................................................................... 13 

a) Definition and structure .................................................................................................................................. 13 

b) Composition .................................................................................................................................................... 14 

c) Effect of fluor .................................................................................................................................................. 14 

ii. Dentin ................................................................................................................................................. 16 

a) Aspect ............................................................................................................................................................. 16 

b) Composition .................................................................................................................................................... 16 

c) Effect of Fluoride ............................................................................................................................................. 16 

iii. Fluoride incorporation and concentration in teeth ............................................................................ 17 

E. TOPICAL APPLICATION AND ITS DIFFERENT ADMINISTRABLE FORMS ......................................................................... 18 

i. Professional application ..................................................................................................................... 20 

a) Aqueous solution and varnishes ..................................................................................................................... 20 

b) Gel ................................................................................................................................................................... 21 

ii. Self-application .................................................................................................................................. 22 

a) Dentifrice ........................................................................................................................................................ 22 

b) Mouthwash ..................................................................................................................................................... 23 

c) Gel ................................................................................................................................................................... 23 

F. BALANCE BENEFIT/RISK ................................................................................................................................. 24 

III. OBJECTIVES: ........................................................................................................................................ 24 

IV. MATERIAL AND METHODS: .................................................................................................................. 25 

V. RESULTS .............................................................................................................................................. 26 

A. BENEFICIAL EFFECT OF FLUORIDE ..................................................................................................................... 26 



 4 

i. Direct repercussion: reduction in number of caries ............................................................................ 26 

a) Effect of fluoridation of drinking water .......................................................................................................... 26 

b) Effect of brushing with a fluoride toothpaste ................................................................................................. 29 

c) Effect of applying a fluoride vanish ................................................................................................................. 30 

d) Effect of applying fluoride mouthwash ........................................................................................................... 30 

ii. Indirect repercussion: reduction in the need of restorative treatments ............................................. 31 

iii. Optimal dose for optimal benefits ..................................................................................................... 32 

B. NEGATIVE REPERCUSSION OF THE MISUSE OF FLUORIDE ....................................................................................... 34 

i. Acute toxicity ..................................................................................................................................... 34 

a) Intoxication ..................................................................................................................................................... 34 

ii. Chronic toxicity ................................................................................................................................... 37 

a) Dental fluorosis ............................................................................................................................................... 37 

b) Skeletal fluorosis ............................................................................................................................................. 40 

c) Other chronic toxic effects of fluoride, contradictory in the scientific literature ........................................... 42 

VI. DISCUSSION ........................................................................................................................................ 43 

A. BALANCE BENEFIT-RISK ................................................................................................................................. 43 

B. TOWARDS A RATIONAL USE OF FLUORIDE .......................................................................................................... 48 

i. Ideal concentration and ideal timing ................................................................................................. 48 

a) Toothpaste ...................................................................................................................................................... 48 

b) Varnish ............................................................................................................................................................ 49 

c) Gel ................................................................................................................................................................... 50 

d) Mouthwash ..................................................................................................................................................... 51 

ii. Ideal administration form .................................................................................................................. 51 

iii. Adapted prescription of fluoride ........................................................................................................ 51 

iv. Safety considerations ......................................................................................................................... 52 

VII. CONCLUSION .................................................................................................................................. 53 

VIII. RESPONSABILITY ............................................................................................................................. 54 

IX. BIBLIOGRAPHY .................................................................................................................................... 56 



 5 

Figure index :  

FIGURE 1.  CHANGING LEVELS OF DENTAL CARIES EXPERIENCE (DMFT) AMONG 12-YEAR-OLDS IN DEVELOPED AND DEVELOPING 

COUNTRIES. THE WORLD ORAL HEALTH REPORT 2003: CONTINUOUS IMPROVEMENT OF ORAL HEALTH IN THE 21ST CENTURY - 

THE APPROACH OF THE WHO. ............................................................................................................................ 10 

FIGURE 2 SCHEMATIC REPRESENTATION OF THE DIFFERENT FORMS OF FLUORIDE FOUND IN THE ORAL ENVIRONMENT (13) ............. 12 

FIGURE 3. FLUORIDE CONCENTRATIONS IN ENAMEL AND DENTIN, FROM THE TOOTH SURFACE TO THE DENTIN-PULP INTERFACE, IN 

SUBJECTS WITH LOW AND HIGH LEVELS OF FLUORIDE (18). ........................................................................................ 18 

FIGURE 4 GENERAL COMPARISON OF DENTAL CARIES EXPERIENCE RATES FOR DECIDUOUS (DEF) AND PERMANENT (DMF) TEETH 

AFTER 10 YEARS OF FLUORIDATION IN GRAND RAPIDS, MICH., BRANTFORD, ONT., AND NEWBURGH, N. Y. ..................... 28 

FIGURE 5. REPORTS TO POISON CONTROL CENTERS IN THE U.S. ......................................................................................... 35 

FIGURE 6 WHITISH SPOTS INCLUDED BY FLUOROSIS (NAULIN-IFI, 2011) INCLUDE COMPLETE REFERENCE .................................... 38 

FIGURE 7 MINIMUM LETHAL DOSE OF FLUORIDE CONTAINED IN A TUBE OF KIDS TOOTHPASTE ................................................... 45 

 

Abbreviations:  

DMFT= Decayed, Missing, and Filled Teeth index 

DMF= Decay-missing-filled 

DMFS= Abbreviation for decayed, missing, or filled tooth surfaces. 

FDI= Federation dental international 

CDC= US Centers for Disease Control 

EAPD= European Academy of Pediatric Dentistry 

FO= Outer fluoride 

FS= Surface fluoride 

FL= Liquid fluoride 

Fa= Absorbed fluoride 

CaF2= Difluoro calcium 

FHAP= Fluoro-hydroxy-apatite 

FPA= Fluoro-hydroxy-apatite 

APF= Acidulated phosphate fluoride 

Ppm= Part per million 

UEM= Universidad Europea de Madrid 

PTD= Probable toxic dose 

CAMBRA= Caries Management by Risk Assessment 



 6 

I. RESUMEN / ABSTRACT 

 

Desde su descubrimiento en 1886, la química del flúor ha evolucionado considerablemente. Su 

acción, ampliamente demostrada en la literatura científica, llevó a las autoridades sanitarias a 

introducirlo ampliamente como terapia en la prevención de la caries dental. Es por eso que el 

flúor se encuentra presente en muchos productos relacionados con la salud dental en la 

actualidad. 

      Aunque las autoridades sanitarias permiten el uso del flúor como medida preventiva de la 

caries dental, un consumo excesivo de este no deja de tener consecuencias negativas. 

Dependiendo de la dosis consumida, los efectos secundarios pueden producir una toxicidad 

aguda o crónica. 

Por estas razones, en los últimos años, han surgido diferencias en torno al uso de fluoruro. En 

concreto, en cuanto a los métodos de administración, la edad óptima del paciente, la naturaleza 

sistemática o no sistemática de la suplementación y la vía de administración elegida. 

      Esta revisión tiene como objetivo aclarar, con base en la literatura actual, el balance riesgo 

/ beneficio del flúor tópico en niños. Tras revisar su acción y las modalidades de suplementación 

con flúor, los autores analizan la situación y dan una reflexión sobre su uso racional. 

      Concluimos que la suplementación con flúor, con el objetivo de prevenir el desarrollo de 

caries, solo puede iniciarse después de establecer una evaluación personalizada del flúor 

(realizada por la profesión médica). 

-----------------------------------------------------------------------------------------------------------------      

Since its discovery in 1886, the chemistry of fluorine has evolved considerably. Its action, 

widely demonstrated in scientific literature, led the health authorities to widely introduce it as 

therapy in the prevention of dental caries. This is the reason why fluoride has found his full 

place in many health products today. 
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      Although health authorities consider the action of fluoride in preventing dental caries to be 

established, excess fluoride is not without consequences. It may be responsible, depending on 

the dose, of significant acute and chronic toxicity. For those reasons, differences around the use 

of fluoride have raised lately, in particular on the administration methods, the optimal age, the 

systematic or unsystematic nature of the supplementation and the preferred route of 

administration.  

      This paper aims to clarify, based on the current literature, the balance benefit/risk of topical 

fluoride in children. After reviewing its action and the modalities of fluoride supplementation, 

authors analyze the situation and give a reflection on its rational use. 

      After a meticulous review of the current literature, it appears that fluoride supplementation, 

with the aim of preventing caries development, can only be initiated after establishing a 

personalized fluoride assessment (carried out by the medical profession) and a reasonable 

prescription following the European guidelines. 
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II. INTRODUCTION: 

 

A. Context  

 

The prevention of oral diseases is a major public health issue. According to the World 

Health Organization, it affects around five billion people worldwide, making it the fourth 

largest global disease in terms of prevalence (1). Oral diseases continue nowadays to be 

problematic in industrialized and less industrialized countries causing in individuals: pain, 

functional impairment and reduced quality of life. The management of these pathologies 

constitutes a significant cost, since they represent 5 to 10% of health expenses in these countries 

(2) (3). 

The development of these diseases is quite recent and is due, among other factors, to the 

evolution of our lifestyles and particularly the introduction of refined sugar in food (4)(3). 

 

B.  Dental caries and Mondial prevention plan 

 

Described since antiquity in the collections of papyri of EBBERS, dental caries is 

nowadays considered as "a localized, post-eruptive, pathological process of external origin, 

involving softening of the hard tooth tissue and proceeding to the formation of a cavity” (5). 

From a pathophysiological point of view, the dental caries is a chronic multifactorial bacterial 

disease, linked to the presence of cariogenic bacteria that adhere and colonize the dental 

surfaces. Cariogenic bacteria use carbohydrates as an energetic substrate: through glycolysis, 

they transform these sugars in organic acids which are ultimately responsible for the dissolution 

of the inorganic fraction of the teeth. Caries is therefore an acid demineralization process 

originating from a bacterial infection. It comes across as a loss of tissue first microscopic, and 
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finally macroscopic, revealing a clinically detectable defect. This particular pathological 

process of necrosis and centrifugal disorganization results in loss of substance and finally to the 

destruction of the dental organ (6). 

In the 21st21st century, social, environmental and lifestyle factors play a great influence 

on health and especially in oral health. Indeed, tooth decay becomes a major public health 

problem in industrialized countries affecting 60 to 90% of children and the vast majority of 

adults. WHO ranks it among the 10 most common chronic diseases in humans (1). It’s also the 

most prevalent condition included in the 2015 Global Burden of Disease Study, ranking it in 

the first place for decay of permanent teeth (2.3 billion people) and 12th for deciduous teeth 

(560 million children) (3).  

 

Although tooth decay is the most common chronic disease in the world, the lack of reliable data 

is striking. The data available are often obsoleted and/or not representative of a whole country. 

To solve this problem and standardize the data in the studies, an epidemiological index allowing 

aa qualitative and quantitative measure of the oral health of an individual /sample of the 

population, was introduced in 1936 by Klein and Palmer (7). The DMFT 12 index (decayed, 

missing or filled teeth) measures the caries history of the permanent dentition at the age of 12 

(4). Now widely used internationally, this indicator makes it possible to assess and monitor the 

state of oral health of a population in its majority (8).  

Nevertheless, in recent years, the distribution of caries disease seems somewhat 

disparate in different parts of the world. Indeed, for 30 years, the prevalence decay significantly 

decreased in the industrialized countries while in others, where the socio-economic level is 

more precarious, it remains elevated and / or has continued to increase (9). In the early 1980s, 

WHO and the International Dental Federation (FDI) had already clearly established the 

objectives to be achieved the year 2000 with the aim of improving the level oral care for 
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children from 6 to 12 years old. If the most of the so-called "favored" countries have largely 

met these objectives, it is not the case for most of the least developed countries (10). 

 

 

Figure 1.  Changing levels of dental caries experience (DMFT) among 12-year-olds in developed and developing countries. 

The World Oral Health Report 2003: Continuous improvement of oral health in the 21st century - The approach of the WHO. 

According to health professionals, the decline of decay in industrialized countries could 

be explained by the establishment of a new dental philosophy that shifted from “drill and fill” 

to “prevent and immune” following the evolution of the studies about dental decay process (11). 

The establishment of the various prevention strategies depends on both individual and group 

programs. Individual practices bring together oral hygiene habits, eating habits and prophylaxis 

performed by dental professionals. Collective programs are of two types: collective “active” 

strategies for individual prevention (promotion of good oral hygiene habits, free diagnosis in 

some populations..), and introduction of a “passive” supplementation prevention such as the 

use of fluorinated water (12). This development of new protocol management and discovery of 

new products conduct to a new preventive vision of dentistry. One of these is based on the use 

of the anticariogenic properties of fluoride (13). 
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C. Fluoride (history, chemistry and interest in public health) 

    

Its name comes from the Latin "fluor" - meaning flow - because from the 15th century it was 

used to facilitate the smelting of ores by reducing the temperature required for the transition of 

state. Fluoride is an abundant natural oligo-element found in nature in several forms.  

It is always combined with other elements and is therefore never found in the free state. 

Fluorine is found naturally mainly in three minerals: fluorite (or fluorspar) (CaF2), cryolite 

(AIF3) and fluorapatite. The mineral which represents the most important source of fluorine is 

fluorite which is a calcium fluoride (CaF2). It consists of approximately 47% of fluorine (14). 

The discovery of fluoride did not happen overnight. Indeed, a succession of Chemists 

worked on it for almost a century. It is possible to summarize the history of this discovery in 

some key dates, beginning in 1886 with the French chemist Henri Moissan (14). He succeeded 

in obtaining difluor (F2) by producing electrolysis of a mixture of anhydrous hydrofluoric acid 

and hydrogen fluoride potassium, which earnt him the Nobel Prize for Chemistry in 1906 (15). 

To appreciate better the issues of this study, it is interesting to understand that the fluorine found 

in the oral environment can be classified into 5 categories (Figure 2): 

—Fo: considered to be the external fluoride, the one found outside the tooth tissue (in the 

biofilm or saliva). 

—Fs: also called fluorapatite, is present in the solid phase of the crystals. 

—Fl: in the enamel fluid. 

—Fa: on the crystalline surface. 

—CaF2: is the one deposited on the enamel and the biofilm after application of highly 

concentrated fluorinated products. It acts as a reservoir for fluoride and calcium at a neutral pH 

(13). 
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Figure 2 Schematic representation of the different forms of fluoride found in the oral environment (13) 

The use of fluoride has recently raised interest thanks to its effectiveness against 

cavities. Several interesting options from a cost-effectiveness point of view agreed on 

discussion on making fluoride available to populations. Politically, it rushed governments of 

several countries to take the opportunity to use it for public health. It can and should be applied 

depending on regional realities and country laws. 

The prophylactic value of fluoride in the prevention of caries disease is scientifically 

proven (13). Fluoride is now established as the best defense against tooth decay, and water 

fluoridation is considered by the US Centers for Disease Control (CDC) as one of the most 

important public health measures of the 20th century (16).  

    It is therefore essential to optimize fluoride intakes, in order to obtain maximum protection 

of the child’s teeth and a minimum prevalence of secondary risks. This requires following the 

ideal fluoride recommendations of the WHO (1) and the European Academy of Pediatric 

Dentistry (EAPD) (17): 

Þ Rapid deposit of maximum amount of fluoride  

Þ Great affinity for the surface layers of the enamel  
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Þ Sufficient cariostatic activity  

Þ Ease of local application   

Þ Lowest handling time possible 

Þ Absence of deleterious effects at useful does  

Þ Chemical stability allowing storage  

Þ Bearable costs in all forms of vectors  

Þ Cost price compatible with the cost of the fluoride program  

Þ Long decline in cario-prophylactic results recorded  

These requirements are difficult to meet at the same time, but it can help and guide the 

practitioner in his choice of fluoride to apply, in terms of efficacy, handling, conservation and 

toxicity (17). 

 

D. Anatomical reminder and the action of fluoride on the different 

structures 

i. Enamel 

a) Definition and structure 

Enamel is a mineralized, acellular tissue built up during amelogenesis. It contains over 85% of 

the mineral element in its mature form, defining it as the most mineralized and hardest structure 

in the body (13). 

It plays a protective role by covering dental crowns and preserving the dentin-pulp 

complex. And gives teeth their appearance and function in the oral cavity.  

Its organization is complex; crystals are organized in prisms and interprismatic substance. Their 

smallest units (crystal of hydroxyapatite) lean against each other to form crystallites at the base 

of the enamel microstructure (13). Hydroxyapatite crystals represent 96% of the mass of the 
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enamel, or 85% of its volume (13). This rigorous organization gives enamel a certain strength 

and resilience, which allows it to respond to the constant biomechanics the oral cavity. 

b) Composition 

Enamel is an acellular tissue unique to vertebrates. It is formed by major elements, such as: 

calcium, phosphate, carbonates, sodium, magnesium, chlorine and potassium. And minor 

elements like fluorine, strontium, and zinc mainly coming from the environmental 

contamination (18). 

Water (12% volume) (13) is mainly present in enamel in two forms: a free form (1% of 

tissue weight) found in interprismatic spaces and a bound form (2.4% of the tissue weight) 

forming a protein shell around the crystallites. This hydrated matrix is essential for exchanges 

and ionic dissemination and is the place where de- and remineralization reactions occur (18). 

The organic phase represents 0.6 to 1% of the tissue weight in mature enamel or 3% of volume 

(13). It is composed of residual non-amelogenin proteins and phospholipids. The proteins are 

mainly glycoproteins different from keratin. 

 

c) Effect of fluor 

Recently, studies have revealed that the protection/healing of the enamel is increased in the 

presence of fluorine. This is explained by various phenomena: 

- Limitation of demineralization by decreasing the acid-sensitivity of the enamel. When 

fluoride interacts with the mineral or solid component of teeth, it produces a fluoro-

hydroxy-apatite (FHAP or FAP) mineral, where the hydroxyl group (OH-) is substituted 

by fluoride ions (F). As a result of this reaction, the mineral compound becomes denser, 

decreasing enamel solubility (11) (18). 

- Enhancement of Remineralization thanks to the buffering effect of fluorine on the pH 

of the oral environment. The dissolution of hydroxyapatite in enamel, or 
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demineralization, takes place when saliva can no longer play its buffering role, and its 

pH then drops below the critical threshold of 5.5. If this condition arises and fluoride is 

present even in small quantities, the hydroxyapatite in the enamel is still dissolved, but 

at the same time fluorapatites are formed (until pH 4.5). Fluoride therefore make it 

possible to block demineralization by promoting remineralization even at low pH (4.5 

<pH <5.5) (19). These fluorapatites thus formed are more stable, less soluble and will 

therefore be more resistant to acid attacks and caries (13) (11). 

- Re-precipitation of mineral ions on the enamel and formation of acid-fast layers of 

calcium fluoride or fluorapatite. The formation of CaF2 is a two-step reaction. Initially, 

a slight dissolution of the enamel surface should occur to release Ca2+ which, in a second 

step, will react with the applied fluoride, thus forming CaF2 globules. These globules 

precipitate not only on the enamel surfaces but also and especially on the porosities. 

- Bacteriologic regulation. Although the main action of fluoride on the dynamics of 

caries is on the processes of demineralization and remineralization, it has been shown 

that they can also affect the metabolism of bacterial cells (20). 

     With decreases in pH, the sensitivity of bacteria to fluoride is increased. Indeed, in 

acidic conditions, HF (pka = 3.5) will form and will be able to diffuse inside the bacteria. 

Because the bacterial intra-cytoplasmic pH is more alkaline, HF will go back to its 

initiate form as dissociate in H+ and F—and exert their action on the bacterial 

metabolism. The main intracellular targets of fluoride that will be inhibited are enolase 

(the enzyme of glycolysis), and the “proton pump”. They will thus lead to a decrease in 

the production of acids as well as a decrease in the tolerance of these bacteria to acidic 

environments (20). 
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ii. Dentin 

a) Aspect 

The dentin is a mineralized, non-vascularized connective tissue that represents the most 

important mass of the tooth. It is yellowish and is responsible for the color of the crown. 

Although more mineralized than bone, it is significantly softer than enamel: about 70% 

minerals and 30% organic components and water. Its coronal part is covered by enamel and the 

root part is covered by cement. The dentin is traversed by hundreds of thousands of fine 

canaliculi or tubuli which can reach a density of 50,000 / mm3. 

There are several varieties of dentins depending on the periods in which they are formed: 

Primary dentin is the mass of dentin formed from the first layer until maturation, the end of the 

root building. Dentin development then continues throughout life, but at a slower pace; thus, 

the secondary dentin is formed. Chronic irritations, pathological or therapeutic, are at the origin 

of tertiary dentin; this can be tubular or amorphous. If secondary dentin settles all the way 

around the primary dentin, tertiary dentin only forms in the irritated area. 

 

b) Composition 

Permanent dentin contains (by volume) 47% apatite, 33% organic components and 20% water 

(13). The composition of the mineral is similar to enamel in terms of hydroxyapatite compounds 

but the crystallites have much smaller dimensions giving dentin surfaces a higher susceptibility 

to caries attack than enamel surfaces. (13). 

 

c) Effect of Fluoride 

Fluoride given topically will build up on the outer layer of dentin. As with enamel, fluoride will 

reduce the solubility of dentin and inhibit its demineralization in a caries lesion. 
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However, the fluoride concentration required to inhibit demineralization is 10 times greater 

than that required for enamel. 

When demineralization takes place in the presence of fluoride, the outer layer of dentin is 

retained and the mineral loss from the lesion is deeper (beyond the surface layer). Without 

fluoride, demineralization leads to the formation of an erosion-type defect, while with fluoride, 

the lesion is of the sub-surface type (18). 

iii. Fluoride incorporation and concentration in teeth 

There is no homeostatic balance to maintain a constant concentration of fluoride regardless of 

the part of the human body. Regular exposure to fluoride (systemic or topical) is therefore 

necessary to maintain a constant concentration of fluoride in the oral environment and in 

particular in the dental biofilm. Incorporation of fluoride in all mineralized tissues will vary 

depending on the actual intake concentration and the length of time during which such an intake 

has taken place (18). 

After the eruption, enamel finish its formation by a phase of maturation that will last up 

to 2 years. By this time, enamel undergoes an alternation of phases of demineralization and 

remineralization that will reshape its surface. When the topical fluoride intake is regular, saliva, 

dental plaque and oral mucous membranes become loaded with fluoride ions. They then 

constitute a real reservoir of fluoride ions near the enamel surfaces. 

In enamel, the highest concentration of fluoride is found at the surface. Then there is a 

drop in concentration to about 100 μm from the surface and then stabilization up to the 

enamel/dentin junction. In dentin, the fluoride concentration is overall greater than that of 

enamel and only increases up to the dentin-pulpal interface. As dentin slowly continues to form 

over the course of life, fluoride is therefore fixed at this interface. Figure 3.  
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Figure 3. Fluoride concentrations in enamel and dentin, from the tooth surface to the dentin-pulp interface, in subjects with 

low and high levels of fluoride (18). 

 

E. Topical application and its different administrable forms 

 

Oral topical products are considered to be drugs intending to act locally/externally on soft 

tissues (skin, mucous membranes) or hard tissues (enamel, dentin) of the orofacial sphere. 

Topicals are composed of one or more active ingredients incorporated into an excipient 

intended to ensure their retention on the treated surface and/or to promote their local 

penetration. Their action in the affected areas is immediate. However, their contact at target 

areas is limited in time, hence a renewal of their application is necessary (19). The different 

topical applications of fluor will be later detailed in this project. 

The action of fluoride is located at two levels: the systemic route, during the mineralization of 

the teeth, and the topical route, after the eruption of the teeth. 

—The systemic or general route aims to incorporate fluoride into dental tissues during 

their formation. It involves phenomena related to the metabolism of fluorine in the body: 

absorption, diffusion of fluorine driven in biological fluids up to mineralized tissues (skeleton 

and teeth in the process of mineralization) where it is captured, because of its great affinity for 

calcium. 
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The prophylactic action of fluoride by the systemic route will therefore be essentially effective 

during the development of tooth germs (19). 

—The topical or local route involves interactions between fluoride and dental surfaces 

and their environment. The topical route therefore occurs when the teeth have erupted. 

These two pathways are interdependent and complementary. In fact, products administered 

orally (tablets for example), will have a certain topical action due to their intra-oral transit even 

if it is brief (19). In addition, part of the fluoride ingested is excreted in the salivary glands and 

released into the oral cavity, resulting in a secondary topical action. Reciprocally, products with 

topical action, when they are partially ingested, will be conveyed systemically. Especially in 

the very young child. 

   In Germany, Künzel and Fisher (1997) studied the prevalence of caries in two German cities, 

and correlated it with the fluoride content of ingested water. During the first thirty decades, the 

prevalence of caries was in correlation with the fluoride concentration in the water. However, 

since the end of the 1980s, a significant decrease in caries has been verified while the water 

was only very slightly fluoridated. One of the reasons put forward is the wide availability of 

products containing fluorine, which compensates the absence of water fluoridation.  

Contemporary studies conclude that the “preventive” effect of fluoride on caries lesions 

is almost exclusively post-eruptive. In addition, epidemiologists are now questioning the 

scientific validity of old studies on fluoride (systemic effect). The concept of the post-eruptive 

effect of fluorine is, on the other hand, supported by in vitro and in situ research demonstrating 

that the mode of action of fluorine can be mainly attributed to its influence on the processes of 

de- and re-eruption. Mineralization of calcified tissue. Thus, the application of topical fluoride 

should be encouraged (21). It reduces dental caries by, on average, 26% (22). 
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i. Professional application 

a) Aqueous solution and varnishes 

There are mainly three types of fluoride solutions: 2% sodium fluoride (NaF), 8% or 10% 

stannous fluoride (SnF2) and acidulated phosphate-fluoride (FPA). While citric acid causes 

solubilization of the constituent hydroxyapatite of the enamel, the fluorinated salts, for their 

part, reduce this solubilization phenomenon, thus allowing an anti-caries effect. (23) (19) 

This technique involves applying a fluoride solution to the teeth (previously cleaned and 

isolated from saliva), using a small brush (19). Their effectiveness increases with the number 

of applications (from 1 to 4 applications per year) (23). 

Studies have proven the effectiveness of these fluoridated solutions in preventing dental 

caries and also in stopping certain caries lesions with reductions of 30% to 40% in their 

incidence (23). 

Fluorinated solutions are used less and less, because unlike fluoride varnishes, the product does 

not bind to the tooth and is therefore in contact with it for less time (23). 

Their use is exclusively professional; the practitioner will apply the product to the teeth 

(previously cleaned and isolated from saliva) using the material provided by the manufacturer 

of the product (24). Depending on the varnish, the concentrations vary from 1000 ppm of 

fluoride (difluoro silane) to 56,300 ppm of fluoride (sodium fluoride/calcium fluoride 6%). The 

most widely used is sodium fluoride (NaF) varnish at 5% and 22,600 ppm of fluoride (X-Pur, 

Halo Duraflor... ) (25) (11). 

The varnish allows prolonged contact with the tooth surface and thus allows better 

penetration of the product. It was developed in order to adhere to the surface of the enamel for 

extended periods of time (up to 12 hours and more) in order to slowly discharge their fluoride 

towards the teeth while shortening the patient presence time in the chair. 
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Numerous studies have proven the effectiveness of fluoride varnishes in preventing or 

even intercepting dental caries (25) (26). As the risk of ingestion is limited and controlled by 

the practitioner, varnishes can be used on children under 6 years old but their use keeps still 

reserved for children who have a high individual caries risk (24) (22). The safety, effectiveness, 

speed and ease of use of fluoride varnishes award them an advantage over other fluoride topicals 

(24) (22). 

 

b) Gel 

Fluorinated gels are composed of acidulated phosphate fluoride (1.23% [12 300 ppm] fluoride), 

as 2% % neutral sodium fluoride compounds (containing 9,000 ppm fluoride), and as gels or 

foam of sodium fluoride (0.9% [9 040 ppm] fluoride) (27) (11). 

 The practitioner makes an individual thermoformed plastic splint perfectly fitting the 

patient’s teeth, then incorporates a fluoride gel into the tray. He positions the tray into the 

mouth, holding it for 4 minutes (11). Once the time has elapsed, the practitioner removes the 

tray and the patient spits out the gel. It is recommended that you do not eat or drink within 30 

minutes of applying the gel to prevent the patient from ingesting fluoride and to allow the 

product to act on the tooth as long as possible (27). This operation is to be carried out twice a 

year. It is indicated in cases of high individual caries risk (22). 

The use of these procedures has been shown to reduce the amount of inadvertently 

swallowed fluoride to less than 2 mg, which can be expected to be of little consequence (28). 

However, it is not recommended the use of gels <6 years of age because the ratio benefit/risk 

balances to risk due to the danger of swallowing (17). Nowadays the use of these gels has 

mostly been replaced by the use of fluoride varnish (28). 
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ii. Self-application 

a) Dentifrice 

Fluoride dentifrices represent an unmatched method in their simplicity of use. Inexpensive, 

accessible to all, and with a widely proven effectiveness , it constitutes nowadays the very basis 

of oral hygiene for most people in developed countries (29). Many scientific authorities believe 

that the fall in caries prevalence during the last twenty-five years in most industrialized 

countries has been greatly conditioned by the extension of use of fluoridated toothpaste (29). 

The primary function of a toothpaste is to supplement the mechanical action of brushing 

in the removal of dental plaque, debris and stains thanks to its different properties: 

—Therapeutic: it eliminates dental plaque and inhibits its formation, reduces tartar deposits, 

polishes and cleans teeth by removing extrinsic stains and reduces mouth odor. When it contains 

specific active agents, it may have an anti-inflammatory or desensitizing action and thus 

increase resistance tissue, aid in the treatment of periodontal disease, treat dentinal 

hypersensitivity and remineralize superficial caries. 

—Cosmetics: it should provide a feeling of cleanliness and freshness after use. This has a direct 

bearing on consumer psychology (30). 

Although commercially available toothpastes appear, at first sight, to have very different 

chemical formulas, it always consists of a mixture of water and a number of agents present in 

a relatively constant amount. These agents give the product its consistency, its stability during 

storage or its taste. On the other hand, the active ingredients, which give the toothpaste its 

therapeutic or preventive properties, are present in variable concentration  (30). Fluoride, 

nowadays present in almost all toothpastes, appears to be the major active ingredient. 

There are two types of fluoride found in the composition of toothpaste: 

—Mineral or inorganic fluoride (sodium, tin, potassium fluoride and sodium 

monofluorophosphate). They have multiple properties: they are cryostats, antibacterial and 



 23 

desensitizers, which makes them particularly useful in the treatment of periodontal disease and 

dentinal hypersensitivity. 

—Organic fluoride (amine fluoride and nicomethanol hydrofluoride). They decrease the 

solubility of enamel as well as inhibit the formation of bacterial plaque (21). 

 

b) Mouthwash 

Fluoride mouth rinses are available for several decades as solutions containing 0.05% NaF 

(~226 ppm F) or acidulated phosphate fluoride (APF) for daily use; and 0.2% NaF (~900 ppm 

F) solutions for weekly use (19). 

  Their use is reserved for children with moderate/high caries risk and is complementary 

to brushing and the use of fluoride toothpaste (27). It achieves a modest reduction in caries 

compared with toothpaste used alone (28). It is not recommended for children under six years 

of age, since they cannot control the muscles for swallowing and might not be able to spit. 

prescribe. (19) (29) (27). 

 

c) Gel 

Fluoride gels are prescribed by the practitioner and are applied by the patient at home.  

They are currently available as APF and neutral NaF products, containing 1.1% NaF 

(5 000 ppm F ion) (27). 

They are indicated in the case of a highly individual caries risk or in patients under 

radiotherapy. 

The protocol is the same as for the fluoride gel administered in the office. The 

practitioner will deliver individual thermoformed plastic trays and the patient, at home, will 

place the fluoride gel in the tray before placing it in the mouth for 4 minutes (27). For children, 

the supervision of the parents is mandatory to avoid any risk of ingestion (17) (27). 
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F. Balance benefit/risk 

 

For healthcare professionals, choosing the best intervention among the various existing options 

is a crucial step before any act. It’s defined—safe—by Oxford Dictionary: “protected from or 

not exposed to danger or risk; not likely to be harmed or lost”. Medicines, developed with the 

aim of providing benefits, are never without side effects, zero risk does not exist. When a drug 

obtains a marketing authorization (MA), it has been concluded that, in the indications for which 

it is to be administered, the benefits expected must be greater than the expected risks (31). This 

is the reason why a drug is mainly characterized by the relationship between the benefit of the 

patient and/or for public health and the risks of side effects which may occur. This work will 

use this balance as a reference.  

 

III. OBJECTIVES: 

 

     The aim of this exercise is to clarify, according to the dedicated and careful study of recent 

papers, the ratio benefice/risk of topical fluoride in the population of children. By this means, 

the review will be articulated in different parts: the first ones (present in the results section of 

the study) help understanding the issues exposed in the discussion. On the one hand, it will 

highlight the benefit established for a long time of fluoride in public health and confront it on 

another hand to its side effect and misuse. Finally, the study of all those positive and negative 

effects of fluoride will guide the review to discuss the balance benefit risk of fluoride, taking 

into account the safety considerations related to the use of this product. To achieve these major 

objectives, this project aims to develop a comparative review of the current literature about the 

use of topical fluoride in children. It is intended that the research findings will contribute to 
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prove the importance of an appropriate and reasonable use of fluoride products but also its 

importance in clinical treatment. The research project also tends to explore how we can 

overcome the obstacles created by this health product.  

 

Principal objective: 

• To gather information from the literature and develop an up-to-date benefit-risk ratio of 

the use of topical fluoride in children. 

 

Sub-objectives: 

• To determine the clinical effectiveness of fluoride 

• To evaluate the incidence of adverse effects and their manifestations 

• To suggest rules for a correct usage of fluoride 

IV. MATERIAL AND METHODS: 

 

To achieve this goal, a literature review method has been chosen, which allows for a complete 

and synthesized research and helps obtain conclusions from this theme. To produce this review, 

six steps were used. Firstly, the guiding questions had to be defined in order to select articles. 

The second step was the definition of information to be extracted from selected articles and the 

analysis of the included studies and interpretations of results. At the end, the integrative review 

opened to a discussion, balancing the research. The literature review has been carried out online 

in the period from 1970 to 2020. The search was based on the following keywords: topical 

fluoride - children—child, topical application of fluoride - children—child, topical fluoride for 

toddlers, topical fluoride, topical fluoride varnish, topical fluoride for caries prevention, topical 

application of fluoride, topical application of fluoride varnish, topical fluoride treatments, 
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topical fluoride gel, topical fluoride varnish, topical fluoride applications, topical fluoride 

treatment, topical fluoride definition, topical fluoride application procedures. The primary 

search was made using the online databases MEDLINE, PUBMED and the e-library of the 

UEM (Universidad Europea de Madrid). The combination of the keywords resulted in 103 

publications. The criteria used for selecting the sample were: complete articles published and 

available online, open access, articles with abstract for initial assessment and studies written in 

English. The population studied is focused on children; it is agreed for that reason that only 

children from 0 to 18 have been assessed and therefore only articles treating this range of age 

have  been studied. Also, as the studies evolve regularly, it was found convenient to select the 

articles based on the date of publication and focus more on new information. Of these last 

articles, 33, 21 studies were used to build the introduction of this study. To finalize the search, 

37 additional reading texts were added to assist in understanding the subject. Thus, 59 

publications were included in the review. Documents and articles considered interesting were 

downloaded in adobe pdf format, and were gathered within the Mendeley software. The files 

have been divided into categories, and their most important information was collected. The 

bibliography was then automatically integrated in the thesis Word document, in Vancouver 

format 

V. RESULTS 

 

A. Beneficial effect of fluoride 

i. Direct repercussion: reduction in number of caries 

a) Effect of fluoridation of drinking water 

The great diversity of fluoride concentrations naturally encountered in drinking water has 

provided ethical opportunities to study and determine the relationship between the frequency 
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of dental caries and fluoride intake. For decades, the efficacy and safety of fluoridation has been 

extensively studied and we now have over a thousand reports on the biological properties and 

their effects on bones and teeth (5). 

In this regard, the United States of America deserves special mention as more than 

3 million people live in communities where the content of natural fluoride in drinking water is 

equal to or greater than 1.0 mg of fluoride per liter. In this country Dean and his collaborators 

carried out meticulous epidemiological surveys involving 21 cities. In this series of works, 

7,257 children between the ages of 6 and 14 were examined (32–34). 

 

The first main experiment in controlled fluoridation of an urban water distribution 

system began in 1945 in Grand Rapids, Mich. (United States) (33); followed shortly after by 

further trials in Newburgh, New York (USA) (34), and in Brantford, Ontario (Canada) (32). In 

each of these cases, a sufficient fluoride amount was added to bring the concentration to 1.0-

1.2 mg fluoride per liter, and a control zone was used as a comparison. The studies were 

carefully planned and monitored and the effect on general health were studied.  

One of the first studies (1957), conducted over 15 years in Grand Rapids, Michigan, 

was planned for a period of ten years. This time allowed the first teeth and most of the 

permanent teeth to be subjected to the action of fluoride throughout their period of development 

and mineralization and let them be expose for a few years to the appearance of caries. It 

appeared that children who drank fluoridated water from birth suffered from 50 to 63% fewer 

cavities than those in localities where the drinking water was not fluoridated. Among those who 

were aged two years and under when the measure was adopted, cavities were 48–50% rarer 

than in the youth in the group control (33). 
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Figure 4 General Comparison of Dental Caries Experience Rates for Deciduous (DEF) and Permanent (DMF) Teeth After 

10 Years of Fluoridation in Grand Rapids, Mich., Brantford, Ont., and Newburgh, N. Y. 

 

On another experiment, in Newburgh, New York, in 1989, a vast program of pediatric 

research was also included. Children aged 4 to 15 were subjected to extensive dental 

examinations; these examinations were carried out for the first time before water fluoridation 

and were then repeated each year.   the number of cases of dental caries in the areas benefiting 

from fluoridation was compared to the control group (Kingston, in the same state, where the 

water is deficient in fluoride). Ten years after fluoridation, the caries rate in children aged 6 to 

9 of Newburgh, was 58% lower, compared to children of the same age in Kingston. In older 

children who had consumed fluoridated water for only a few years, the frequency of cavities 

was 41% lower than among young people who had not consumed fluoridated water. In 
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Newburgh, the 13–14  year old group had, after 15 years of fluoridation, a decay rate which 

was  70% lower than a similar group in the city of Kingston  (34). 

     In a last study in Brantford, Ontario, adolescents aged 12 to 16 presented in 1959, 

40% fewer cavities than young people their age in 1948 (date prior to fluoridation (32). 

While it is well known that there are fewer decayed, absent or filled (CAD) teeth in 

children in fluoridated localities, it is often not known that the beneficial effects of this measure 

persist. According to several surveys, the number of adolescents free from cavities has 

increased considerably in the past 30 years. If we trust the most cautious, 20% of them should 

be in this case in agglomerations where drinking water is fluoridated, in other words six times 

more numerous than in hypo fluoridated localities. 

 

b) Effect of brushing with a fluoride toothpaste 

The authors of the Cochrane Group conducted a review up to date in 2018 (29). The review 

includes 96 studies: seven studies with 11,356 randomized participants reported the efficiency 

of toothpaste with fluoride concentrations up to 1,500 ppm on primary dentition; a study with 

2,500 randomized participants reported the effects of toothpaste at 1,450 ppm fluoride on 

primary and permanent dentition; 85 studies with 48,804 randomized participants reported the 

effects of toothpaste at 2400 ppm fluoride on the permanent dentition of children aged up to 18 

years; and three studies with 2675 randomized participants reported the effects of toothpaste 

with a concentration of 1100 ppm fluoride on the permanent teeth of adults. Most studies 

assessed the presence of tooth decay after 36 months of participants use of toothpaste. 

In the primary dentition of young children, brushing teeth with toothpaste containing 

1500 ppm fluoride reduced the development of new cavities compared to toothpaste without 

fluoride; the number of new cavities was similar with toothpaste having 1055 ppm fluoride 

compared to toothpaste having 550 ppm fluoride; and there was a slight reduction in the number 
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of new cavities with toothpaste having 1450 ppm fluoride compared to toothpaste having 440 

ppm fluoride. 

On permanent in children and adolescents, it was found that there was less new cavities 

with the use of toothpaste containing 1000 to 1250 ppm or 1450 to 1500 ppm fluoride compared 

to non-fluoridated toothpaste, and brushing teeth with toothpaste containing 1450 to 1500 ppm 

fluoride reduces more the number of new cavities compared to using a toothpaste containing 

1000 to 1250 ppm fluoride. We have seen a similar number of new cavities when children and 

adolescents used toothpaste containing 1700-2200 ppm fluoride or 2400-2800 ppm fluoride 

compared to toothpaste with 1450-1500 ppm fluoride (29). 

 

c) Effect of applying a fluoride vanish 

A review carried out by the Cochrane Oral Health Group screened 12,455 randomized children 

to receive treatment with fluoride varnish or placebo / no treatment (26). It appeared that the 

evidence produced is of moderate quality due to problems with the study designs. However, in 

the 13 trials that looked at children and adolescents with permanent teeth, the review found that 

youth treated with fluoride varnish experienced an average 43% reduction in decayed, missing, 

and filled tooth surfaces. In the 10 trials that examined the effect of fluoride varnish on 

deciduous teeth, evidence suggests a 37% reduction in decayed, missing and filled tooth 

surfaces (26). 

 

d) Effect of applying fluoride mouthwash 

In a study including more than 15,000 participants, children (ages six to 14) were treated with 

either fluoride mouthwashes, placebo (a mouthwash without the active substance) or did not 

receive treatment. Most children received sodium fluoride (NaF) solution, given at a 
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concentration of 230 parts per million fluoride (ppm F) daily or at a higher concentration of 900 

ppm F weekly or fortnightly. The studies lasted from two to three years (35).  

This updated review confirmed that regular use of fluoride mouthwashes under 

supervision can limit the onset of dental caries in children and adolescents. The combined 

results of the 35 trials showed that, on average, there was a 27% reduction in decayed, missing 

and filled surfaces of permanent teeth with fluoride mouthwash compared with placebo or no 

mouth. This benefit is likely to be present even if children use fluoride toothpaste or liv -in 

areas where the water has been fluoridated. The combined results of 13 trials showed an average 

of 23% reduction in decayed, absent, and filled teeth (rather than tooth surfaces) on permanent 

teeth with fluoride mouthwashes compared with placebo or absence of mouthwashes (35).  

 

ii. Indirect repercussion: reduction in the need of restorative treatments 

The Decayed, missing (from tooth decay), filled teeth (DMFT), and Decayed, missing (from 

tooth decay), filled surfaces (DMFS) constitute indices of total caries. Thus, any decrease in 

these indices must result in a decrease in the number of restorative treatments and extractions.  

A study of the effects of fluoridation on childhood dental care was performed in Gainesville, 

Florida, USA, between 1954 and 1959 (37). Controlled fluoridation already existed in 

Gainesville for 4 years and 2 months when the study was undertaken. In the first round of dental 

care treatments, 35% of white children and 54% of black children between the ages of 5 and 16 

had been consuming fluoridated water for about 5 years. The effect of fluoridation was 

manifested by a constant decrease in the DMF indices measured during successive rounds of 

treatment, while in the non-fluoridated water supply towns of Richmond and Woonsocket, the 

CAD indices remained relatively constant. Treatments for white children fell from an average 

of 2.9 temporary and permanent tooth fillings and 0.2 extractions per child in the first round of 

treatments to 1.7 fillings and 0.1 extraction in the fourth series. In black children, treatments 
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were reduced from 2.1 fillings and 0.3 extraction on average per child in the first round of 

treatments to 1 filling per child and no extraction in the fourth set. In the city of Woonsocket, 

not supplied with fluoridated water,   4.67 fillings of temporary and permanent teeth had been 

done and 0.90 extractions on average per child during the first series of treatments (36).(36) 

From these observations, we can note that: 

a) The fluoridation operation carried out for 4 1/2 years in Gainesville resulted in a 38% (1.77) 

reduction in the number of fillings needed per child, and a 78% reduction (0, 7) in the number 

of extractions required per child at the time of the first treatment. 

b) After an additional 30 months of fluoridation, plus a full course of treatment, the gain in 

Gainesville, compared with the town of Woonsocket which did not benefit from fluoridation, 

amounted to 3.94 fillings per child (reduction of 66%) and 0.61 extraction per child (reduction 

of 75%) (36). 

iii. Optimal dose for optimal benefits 

The optimal daily dose of fluoride is the total amount of fluoride from various sources that can 

be ingested daily and provides protection against tooth decay while minimizing the risk of 

dental fluorosis. Dental fluorosis is a dysplasia (alteration in the development of structure and 

color) of teeth that occurs as a result of chronic fluoride poisoning during the period of tooth 

development occurring usually between birth and the age of 6 to 8 years (37)(38). 

This dose has been defined for decades between 0,05 and 0,07 milligrams of fluoride per 

kilogram of body weight and per day (mg/kg/day) (13). 

The origin of the optimal daily dose of fluoride is attributed to McClure, who in the 

1940s believed that the daily food intake contained between 1.0 and 1.5 mg of fluoride and thus 

provided approximately 0.05 mg / kg / day in children aged 1 to 12 (38). Since the 1980s, the 

dose of 0.05 to 0.07 mg / kg / day is used as a recommendation for the optimal daily intake of 

fluoride (39). The optimal daily dose of fluoride has also been the subject of studies and 
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research by Health Canada and by the United States Environmental Protection Agency. 

According to these organizations, with exposure to a daily dose of fluoride less than or equal to 

0.122 mg / kg / day, it is unlikely to have moderate to severe dental fluorosis. The origin of the 

optimal daily dose of fluoride is attributed to McClure, who in the 1940s believed that the daily 

food intake contained between 1.0 and 1.5 mg of fluoride and thus provided approximately 

0,05 mg/kg/day in children aged 1 to 12 (38). Since the 1980s, the dose of 0,05 to 

0,07 mg/kg/day is used as a recommendation for the optimal daily intake of fluoride (39). The 

optimal daily dose of fluoride has also been the subject of studies and research by Health 

Canada and from the United States Environmental Protection Agency. According to these 

organizations, with exposure to a daily dose of fluoride less than or equal to 0.122 mg/kg/day, 

it is unlikely to have moderate to severe dental fluorosis. 

In addition, a longitudinal study published in 2009,  was conducted to assess the optimal 

daily dose of fluoride (40). In this study, the authors evaluated the amount of fluoride ingested 

by 9-year-old children without dental fluorosis in permanent dentition or decay in primary and 

permanent dentition. The authors observed that children who had consumed slightly less than 

0,05 mg/kg/d of fluoride had dental decay, while those who had generally consumed just over 

0,05 mg/kg/d of fluoride exhibited fluorosis. The authors thus evaluated that the optimal mean 

daily dose of fluoride in young children during the first 48 months of life was of 0,05 mg/kg/day 

or less (38) (40). However, this study, which is the only recent assessment of the optimal daily 

dose of fluoride, has certain limitations, which are attributable to the great variability of 

individual fluoride intakes. 
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B. Negative repercussion of the misuse of fluoride 

i. Acute toxicity 

A single large dose of fluoride, i.e., one teaspoon of pure sodium fluoride (5 to 10 mg) causes 

death within 2 to 4 hours (reference). 

The greatest morbidity and mortality from fluoride poisoning has occurred in the 

Oregon State Hospital, the USA. Powdered milk has been mistaken for a fluorine-based 

insecticide when preparing scrambled eggs. 263 cases of acute poisoning were reported 

including 47 deaths (41). 

a) Intoxication 

Most cases of acute poisoning in humans described in the literature are associated with 

accidental or deliberate ingestion of insecticides and other fluorinated products for domestic 

use. The most important scandal surrounding fluoride poisoning was the one of the Meuse 

Valley in the 1930s. Between the years 1873 to 1935, thousand cases of acute pulmonary 

attacks occurred. At first unclear, Roholm was one of the first pointing between the neighboring 

fluorine industry and the poisoning of this population. In total, Roholm reviewed 1211 cases 

which occurred in this period. Of this total, 60 fatal cases (42). 

More recently, acute fluoride poisoning has been reported in humans by several authors. 

In the most detailed analysis of the American Association of Poison Control Centers it’s 

indicated that of all reported cases of fluoride intoxication, 68% were related to fluoride 

dentifrice ingestion, 17% to fluoride mouth rinses, and 15% to fluoride supplements. Also, the 

proportion of children younger than 6 years old reported for fluoride intoxication account for 

more than 80% of all the reports (37). In the report of 2009, while 1146 patients were suffering 

from minor bothersome sign or symptoms, 378 cases of fluoride intoxication landed to 

emergency rooms (43). 
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Figure 5. Reports to Poison Control Centers in the U.S. 

     In acute poisoning, all organs and systems can be potentially affected. Symptomatic 

manifestations include vomiting (sometimes bloody), diffuse abdominal pain of spasmodic 

type, diarrhea, cyanosis, severe asthenia, dyspnea, muscle spasms, paresthesia and paralysis, 

cardiovascular disorders, convulsions and coma (37)(38).In acute poisoning all organs and 

systems can be potentially affected. Symptomatic manifestations include vomiting (sometimes 

bloody), diffuse abdominal pain of spasmodic type, diarrhea, cyanosis, severe asthenia, 

dyspnea, muscle spasms, paresthesia and paralysis, cardiovascular disorders, convulsions and 

coma (37) (38). 

In acute fluoride poisoning, death occurs generally as a result of blockage of the normal cell 

metabolism. Fluoride inhibits enzymes involved in essential processes, leading to the 

dysfunction of vital and non-vital functions through bad generation and transmission of nerve 

impulses. These symptoms result in generalized or localized muscle tetany especially of hand 

and feet (44). The disruption can be even more important if it gets linked with functions 

regulated by calcium. Indeed, the strong affinity of fluorides for calcium results in impressive 

hypocalcemia and ultimately results in inhibition of physiological nerve functioning (44). 

Fluorides can also combine with other metal ions and block various biochemical mechanisms 
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(proteolytic and glycolytic enzymes) contributing to an electrolyte imbalance, a state of 

hypovolemic shock, and decreased blood pressure (44). Furthermore, hyperkalemia or 

ventricular fibrillation are also linked with fluoride toxicity, which may result in ventricular 

arrhythmias and cardiac arrest. Massive functional impairment of vital organs leads to cell 

damage and necrosis characteristic of a shock syndrome. 

Not all of the compounds of fluoride are equally toxic. The toxicity will depend on the 

mode of penetration in the organism and the physico-chemical properties of the compound. 

Also, the symptoms won’t be the same according to the patient, the age/weight, and the elapsed 

time between the exposure and the beginning of management of the intoxication (44).  

Fluoride is considered toxic with a minimal dose of 5 mg/kg body weight and the lethal dose 

of fluoride has been set at 15 mg/kg. (42.45) But those values need to be nuanced; if a child 

ingests a dose of fluoride in excess of 15 mg F/kg, death is likely but a dose as low as 5 mg 

F/kg can also be fatal in some children. Thus, the probable toxic dose (PTD), defined as the 

limit does that can cause serious and potentially fatal signs and symptoms, and which requires 

emergency medical treatment as well as hospitalization, is 5 mg F/kg. 

The probably toxic doses are estimated for each dental health product. If these doses are 

exceeded, emergency treatment and hospitalization are necessary: 

è Toothpaste at 1500 ppm, ingestion of 33g by a one year old child (importance of 

learning to sputum) (46) (38) 

è Fluoride tablets: ingestion of 50 tablets (46). 

è Topical gels: in general, 1.2 to 6.5g are applied by the practitioner, but a quantity of 5g 

(123mg of fluoride) corresponds to twice the probably toxic dose in a two-year-old 

child. Toxicity is reached if the child swallows half of this gel! Symptoms of toxicity 

may appear in a 10 kg child after ingestion of a teaspoon (5mL) of topical gel 

professional (38).Topical gels: in general, 1.2 to 6.5g are applied by the practitioner, but 
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a quantity of 5g (123mg of fluoride) corresponds to twice the probably toxic dose in a 

two-year-old child. Toxicity is reached if the child swallows half of this gel! Symptoms 

of toxicity may appear in a 10 kg child after ingestion of a teaspoon (5mL) of topical 

gel professional (38). 

è Mouthwash: 500ml of 0.005% fluoride mouthwash contains 122mg of fluorine. This is 

2.4 times the probably toxic dose for a child weighing 10 kg (about one year) if he 

ingests this amount (46). 

ii. Chronic toxicity 

a) Dental fluorosis 

Fluoride plays a key role in the prevention and control of tooth decay. Fluorosis has therefore 

been considered a “side effect” of benefits of prevention and protection against decay provided 

by fluoride. Indeed, until the 1990s, the toxic effect of excess fluoride on teeth was considered 

as a “cosmetic” problem(47). (47)  

Dental fluorosis is a dysplasia (alteration in the development of structure and color) of 

teeth that occurs as a result of chronic fluoride poisoning during the period of tooth development 

occurring usually between birth and the age of 6 to 8 years (37) (38). 

     During fluorosis, there is a decrease in the activity of matrix proteases, which leads 

to a buildup of proteins (especially amelogenins) during the maturation phase of the fluorotic 

enamel. This retention of amelogenins will delay the final mineralization phase of enamel 

matrix, resulting in the formation of subsurface hypo-mineralization characteristic of fluorotic 

enamel (39).During fluorosis, there is a decrease in the activity of matrix proteases, which leads 

to a buildup of proteins (especially amelogenins) during the maturation phase of the fluorotic 

enamel. This retention of amelogenins will delay the final mineralization phase of enamel 

matrix, resulting in the formation of subsurface hypo-mineralization characteristic of fluorotic 

enamel (39) 
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It appears clinically as stains of the enamel (Figure 6), ranging from mottled areas to 

mottling, streaking, diffuse opaque bands overlaying a chalky white or brown/black 

background. The dark coloration would be post-eruptive by incorporation of extrinsic materials 

in the enamel porosities. Fluorosis also presents as a sink in severe forms, following loss of 

surface enamel (48). The opacities appear in the form of bands following the lines of 

development of the enamel and present a certain symmetry with the contralateral tooth.  

 

 
 

Figure 6 Whitish spots included by fluorosis (Naulin-Ifi, 2011) Include complete reference 

 

Investigation of the different sources of fluoride ingestion will confirm the clinical 

diagnosis. A fluoride assessment is carried out through questioning of the parents and makes it 

possible to highlight one or more sources of fluoride in accordance with the clinical signs. The 

period, duration of ingestion and the accumulation of fluorinated sources confirm the diagnosis: 

the affected surfaces correspond to the mineralization phases. 

The Dean’s Index is the historical index, it has been and still is widely used. It has six levels, 

classifying the appearance of fluorotic enamel from “normal” to “severe”. Its limitations are 

that it is too vague for the lower levels of fluorosis and that it lacks sensitivity for fluorosis of 

the “severe” level. Moreover, it does not give information regarding the number of affected 

teeth (18). The clinical examination is first performed by examining both arches as a whole to 
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determine the presence or absence of fluorotic lesions. If these are detected, the score for the 

person examined is based on the two most affected teeth. 

• Normal 0 

The enamel exhibits its usual translucency.  

• Doubtful 1 

In endemic areas with a prevalence of more than 75% of fluorosis, it is sometimes difficult to 

determine if the enamel is normal or has very low fluorosis. In this case, the examiner classifies 

the subject as “doubtful”. Typical “doubtful” lesions appear as thin lines, or irregular opaque 

white spots in the incisal third of the upper incisors.  

• Very low 2 

Presence of small opaque white areas irregularly arranged on the surface of the tooth. These 

spots are found mainly on the buccal and lingual surfaces and occupy up to 25% of the surface 

of the affected tooth.  

• Low 3 

White opaque areas occupy at least half of the tooth surface. Posterior tooth surfaces are prone 

to attrition and show fine white streaks. Light brown spots are sometimes visible, usually on 

the upper part of the incisors. 

• Moderate 4 

There is no change in the shape of the tooth, but all tooth surfaces are generally affected. The 

attrition surfaces are marked. There is a frequent presence of brown spots and pits on the 

vestibular surfaces. Colors vary from light brown to chocolate and take up no more than half of 

the surface.  

• Severe 5 

The hypoplasia is so marked that the shape of the tooth is sometimes affected. Older children 

have a slight incisal or occlusal abrasion. The wells are deep and confluent, which results in 
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loss of surface enamel and gives a corroded appearance to the tooth. The spots are extensive 

and range from a chocolate brown to almost black color. 

    The severity of the alterations is multifactorial and depends on the dose ingested, the time of 

exposure (phase of enamel formation), the duration of impregnation and the variability between 

individuals. Thus the amount of fluoride exposure necessary to cause dental fluorosis is largely 

unknown (38). 

Prevalence comparison of the different studies carried out in Europe is difficult because 

of the differences in water consumption, climate, diet, standard of living and availability of 

fluoride sources. In addition, the studies use different methods and indices. Many biases are 

possible: inter and intra-examiner bias, drying and cleaning of teeth, type of light used. 

However, the overall results tend to show an increase in the prevalence of fluorosis and diffuse 

opacities in fluoridated areas (48). When fluoridated supplements like fluoride tablets are used 

in non-fluoridated areas, the prevalence of fluorosis and opacities approaches that of fluoridated 

areas (49). 

Unlike decay, dental fluorosis is not a public health problem, however, its aesthetic 

damage justifies prevention. This is a dental damage that can easily be avoided carrying out a 

personalized fluoride checkup and educating parents about the child’s exposure to fluoride 

agents ensures this prevention.  

b)     Skeletal fluorosis 

 Chronic exposure to high levels of fluoride can cause bone fluorosis, which results from the 

gradual build-up of fluoride in the bones over many years. Intense exposure to high levels of 

fluoride is rare and usually due to accidental contamination of drinking water or from fires or 

explosions. Chronic exposure at a moderate level (greater than 1.5 mg / liter of water - WHO 

reported value for fluoride in water) is more common (1,2). Chronic exposure to high levels of 

fluoride can cause bone fluorosis, which results from the gradual build-up of fluoride in the 
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bones over many years. Intense exposure to high levels of fluoride is rare and usually due to 

accidental contamination of drinking water or from fires or explosions. Chronic exposure at a 

moderate level (greater than 1.5 mg/liter of water—WHO reported value for fluoride in water) 

is more common (1.2) 

Bone fluorosis, much more dangerous than dental fluorosis, initially results in an 

increase in bone mass and fluoride concentrations that can reach 2 to 5 times normal, that is to 

say from 3 to 5 g/kg. Symptoms that appear next are pain and hardening of the joints followed 

by osteosclerosis which can ultimately lead to skeletal deformity through calcification of the 

ligaments, osteoporosis of the long bones and neurological problems due to hyper-calcification 

(38). In this final step, the level of fluoride in the bones can reach or even exceed 10 g/kg.  

Skeletal fluorosis appears after taking 10 to 80 mg of fluoride per day, for a period of ten to 

twenty years. For example, skeletal fluorosis may be encountered in adult subjects who have 

always lived in an area where the water drunk comes from sources or wells containing fluorine 

levels greater than 13 ppm (41). 

Currently, in developed countries, skeletal fluorosis is no longer encountered thanks to 

the protection of workers and the pollution prevention measures implemented in the industry. 

The Food & Nutrition (USA) study showed that such cases are extremely rare in the United 

States, even when the water contains up to 2 mg/L (50). 

Skeletal fluorosis has disappeared in developed countries but persists in developing 

countries such as China. Skeletal fluorosis is known in this country and is found in less 

developed rural areas in the north and southwest, especially due to the presence of fluorine in 

the coal particles emitted by mining industry and power stations, which then contaminate the 

air and grain. There is evidence from India and China of excess risk of skeletal fluorosis and 

bone fractures at a total fluoride intake of 14 mg/day, and suggestive evidence of increased risk 

of skeleton effects at a total intake above about 6 mg/day (1). 
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c) Other chronic toxic effects of fluoride, contradictory in the 

scientific literature 

• Relationship between fluorine and cancer 

Many studies have tried for years to demonstrate the long-term toxicity of the ingestion of 

fluoride at low doses.  

The cancer mortality rate has been subject of a considerable number of comparative 

epidemiological studies. To establish the relationship between fluoridation water and cancer, a 

systematic review (51) and a case-control study (52) was reviewed. 

The included studies are not conclusive in establishing an association between water 

fluoridation, at concentrations of 0.6 to 1 ppm and global incidence of cancer when compared 

to the non-fluoridation of water (51)(53). The studies are not conclusive in establishing an 

association between water fluoridation, at concentrations of 0.6 to 1 ppm and global incidence 

of cancer when compared to the non-fluoridation of water (51) (53). Although the study by 

Bassin et al. shows a significant association between fluoride exposure in drinking water and 

incidence of osteosarcoma with a peak between 6–8 years in men diagnosed before 20 years of 

age (52). Low quality methodological study makes us look at these results with caution (54). 

The authors found no type of association in women.  

 

• Relationship between fluoride and bone fractures 

A systematic review (51) and a  cross-sectional study (55) were undertaken in order  to establish 

the effect of the fluoridation of drinking water over the bone mineral density (BMD) and bone 

fracture. A systematic review (51) and a study cross-sectional (55) were included as evidence 

to establish the effect of the fluoridation of drinking water over the density bone mineral (BMD) 

and bone fracture.  
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These studies conclude that water fluoridation at levels to prevent tooth decay has no adverse 

effect on BMD or incidence of fractures. (51,53) 

They conclude that water fluoridation at levels to prevent tooth decay has no adverse 

effect on BMD or incidence of fractures. Only one study that showed an increase in the 

incidence of fractures but at levels 4 times higher than the levels considered optimal (51). In 

the study from Sowers, the control of the variables confusing was poor, which indicates that 

this association could be due to another confounding factor and not just the concentration of 

fluorine in the water (55). The evidence is also not conclusive in establishing that water 

fluoridation may have a protective effect on the incidence of fractures bone (51.53) 

 

VI. DISCUSSION 

 

A. Balance benefit-risk 

 

There is an ongoing debate on fluoride supplementation. An upsurge in cases of dental fluorosis 

due to fluoride over-prescription in North America and Australia (48) has revived fears of a 

misuse of this product. In 2002, Belgium took the decision to ban the sale of fluoridated food 

supplements. These findings, along with too much advice on fluoro-prophylaxia, are currently 

confusing patients and prescribers. 

    

On the one hand, nothing proves the safety of water fluoridation more convincingly than 

the existence of large populations (3 million people in the United States of America, 1/2 million 

in England) who have drunk naturally fluoridated water at a rate of 1 mg / l or more without 

harm  throughout their existence  /(33). In these groups, water consumption was obviously not 
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controlled and, as elsewhere, there were healthy infants and sick children, vigorous young 

adults and frail old people. Practicing physicians and specialists in these areas have never 

observed or defined any systematic deviation from normal which could be attributable to the 

ingestion of fluoride (with the exception of speckled enamel in endemic areas) (39).  

Moreover, the detailed pediatric observations which were continued for several years in 

Newburgh-Kingston, and which focused among other things on growth, blood cell counts and 

X-ray images of the skeleton, unequivocally attest to the good health of the children who drank 

water containing 1 mg of fluoride per liter (34). 

  large-scale epidemiological studies don´t show toxicity, and accidental ingestion remains 

happening in isolated cases which can be avoided by increased supervision of children and 

knowledge of the risks associated with large ingestion.  

On the other hand, the benefit that fluorine brings to public health is unequivocal. 

The effects obtained after ten years of controlled fluoridation in the three cities studied above 

show remarkable uniformity between them (32–34). In children who have constantly resided in 

the treated area, and who have therefore drunk since birth a water rich in fluoride, the frequency 

of caries of permanent teeth is 60% lower than that observed in homologous subjects before 

fluoridation and that which we found in the control city chosen for each experiment. The 

frequency of decay of deciduous teeth is also lower, the reduction being between 50 and 60%.  

The results obtained during the three experiments confirmed the hypothesis according to which 

the consumption of drinking water containing 1 mg of fluoride per liter gives identical effects 

on the teeth and on the general condition, as fluoride is naturally present or have been added 

artificially (32–34). 

 

On an other hand, it is also known that fluoride is part of the family of halogens, which 

gives it a very high reactivity (it is the most reactive chemical element)(44). Fluoride toxicity 
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is considered to be close to lead and arsenic. Anti-fluoride opposition claims that fluor 

encountered in a toothpaste tube is sufficient to murder a child (46). As written by Whitford: 

“The concentrations and quantities of fluoride in selected dental products are discussed in 

relation to the PTD. It is concluded that, as these products are currently packaged, most of them 

contain quantities of fluoride sufficient to exceed the PTD for young children” (46,56). 

But, it is also known that fluoride is part of the family of halogens, which gives it a very 

high reactivity (it is the most reactive chemical element) (44). Fluoride toxicity is considered 

to be between lead and arsenic. Anti-fluoride opposition claims that fluor countered in a 

toothpaste tube is sufficient to murder a child (46). As written by Whitford: “The concentrations 

and quantities of fluoride in selected dental products are discussed in relation to the PTD. It is 

concluded that, as these products are currently packaged, most of them contain quantities of 

fluoride sufficient to exceed the PTD for young children.” (46.56) 

A disturbing fact, however, is that even part of a toothpaste for children contains sufficient 

amounts of fluoride to kill a child. Indeed, as. As shown in the following table, the ingestion of 

just 40% of a “Colgate for Kids” is enough to kill an average-weighing 2-year-old child. 

 

Figure 7 Minimum lethal dose of fluoride contained in a tube of Kids toothpaste 
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Or in children’s toothpaste available products there are endless sweet and tangy flavors 

to make brushing teeth less unpleasant. Despite the laudable intention of the manufacturers, 

these little tips can also have a perverse effect: confusing toddlers between toothpaste and 

candy. For example, according to a study by the Centers for Disease Control and Prevention in 

the United States, 40% of children aged 3 to 6 use too much toothpaste. However, at this age, 

and driven by the delectable flavors, many - will swallow this toothpaste, exposing themselves 

to the ingestion of too much fluoride, which can lead to serious intoxication. The victims are 

children in 90% of cases.  

According to Whitford, the dose causing toxic effect is approximately 6 to 9 mg/kg (56) 

(46). And for Heifetz and Horowitz, the toxic dose would be 8 mg/kg and the lethal dose would 

be 32 to 64 mg/kg (23). The scientific community agrees that the ingestion of 5 to 10 g of 

fluoride causes death in 24 hours in a 70 kg man. 

In the United States, a 27-month-old child ingested fewer than 100 fluoride tablets 

containing 0.5 mg of fluoride each. He vomited immediately and recovered completely. Four 

hours later the child collapsed again and died five days later (reference). Another case is that of 

a 3 year old child who died three hours after the application of a 4% fluoride gel, followed by 

the ingestion of a 4% mouthwash (435mg of fluoride) (23). 

    It is also important to highlight that fluoride is organic cumulative. In fact, it has been 

established that approximately 50% of the fluoride ingested by adults, and up to 80% for 

children, will be stored in the body, mainly in the teeth and bones (37). So even if the 

concentration of fluoride intake is low, it should not be forgotten that fluorine is accumulated 

throughout life and that the sources are nowadays very variated (47). Therefore, the risk of 

being affected by long-term fluoride build-up is real. The recognized effects of excessive 

fluoride intake are dental fluorosis, bone problems such as bone fluorosis or increased bone 

fragility, among others (37,52).It is also important to remain that fluoride is organic cumulative. 
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In fact, it has been established that approximately 50% of the fluoride ingested by adults, and 

up to 80% for children, will be stored in the body, mainly in the teeth and bones (37). So even 

if the concentration of fluoride intake is low, it should not be forgotten that fluorine is 

accumulated throughout life and that the sources are nowadays very variated (47). Therefore, 

the risk of being affected by long-term fluoride build-up is real. The recognized effects of 

excessive fluoride intake are dental fluorosis, bone problems such as bone fluorosis or increased 

bone fragility, among others (42.52). 

When it became evident that slightly increased concentrations of fluoride in enamel was 

associated with a decrease in cavities, the method of Dean became an important tool in trying 

to establish fluorine concentration optimal, the one that gave a maximum reduction of dental 

caries without causing unacceptable dental fluorosis in the population. This led to the 

discussion, still ongoing, of the definition of such an optimal dose. Dental fluorosis is the first 

clinical sign of the toxic effect of fluoride on children. But in public health, many health 

promoters consider dental fluorosis only from a cosmetic point of view; it is to say that it only 

poses a public health problem if it leads to an increase in cosmetic problems. This point of view 

has led to confusion as to the biological effects of fluorine on the human body. 

About the relation between fractures and fluoride intake only one study  showed an 

increase in the incidence of fractures (but at levels of fluoridation 4 times higher than the levels 

considered optimal) (51). In the study from Sowers et al. in 2005, the control of the variables 

was poor, which indicates that this association could be due to another confounding factor and 

not just the concentration of fluorine in the water (55). The evidence is also not conclusive in 

establishing that water fluoridation may have a protective effect on the incidence of fractures 

in bones.  

Some authors also explored the relation between cancer and fluoride. The study by 

Bassin et al. showed a significant association between fluoride exposure in drinking water and 
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incidence of osteosarcoma with a peak between 6–8 years in men diagnosed before 20 years of 

age (52). Another work published two years later states that the low quality of this 

methodological study should prompt us to look at these results with caution (54). The authors 

found no type of association in woman. 

 

B. Towards a rational use of fluoride 

i. Ideal concentration and ideal timing 

a) Toothpaste 

Studies show that toothpaste prevention is even more effective that the concentrations 

exceeding 1000 ppm of fluoride. But, the recommendations for a dental use should take into 

account the aforementioned risk of developing fluorosis (29). 

In addition, it should also be taken into account that children swallow a lot of toothpaste. It 

is therefore important to check the fluoride content as mentioned on the packaging, since not 

all “children’s” toothpastes contain a content suitable in fluoride. A comparative study carried 

out on children between 1.5—and 2.5-years old shows that the average percentage of toothpaste 

ingested varies from 64 to 84% and that 36 to 70% of children swallow 80–100% of the applied 

toothpaste. Whatever the concentration, a pea-sized amount of toothpaste is considered more 

than enough to children (57). 

- From the eruption of the first temporary tooth and for children up to 2 years old, it is 

recommended to brush teeth twice a day with children’s toothpaste (500 to1000 ppm) (57).  

- Between 2 and 6 years old, the same recommendation of twice a day remains valid but 

with a concentration of 1000 to 1450 ppm (57) (58).  

- For children over six years of age and throughout life, it is recommended to brush your 

teeth twice a day with toothpaste containing 1450 ppm (58) 
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Up to a concentration of 1450/1500 ppm, toothpastes are considered cosmetics. There are 

also toothpastes that contain a higher concentration of fluoride. In general, they are not intended 

for routine use and are considered to be medication. They can only be obtained from 

pharmacies. These products are preferably used only on the advice of a doctor or dentist. 

 

b) Varnish 

The application of fluoride varnish is indicated for very young children, EAPD recommends its 

use as soon as the teeth erupt (25). This would avoid the early childhood caries that could 

predispose to new decay of temporary and permanent teeth (27). The use of fluoride varnishes 

is recommended, on temporary and permanent teeth, 2 to 4 times per year, combined with daily 

use of fluoride toothpaste (58). The targets of this caries prevention program are  vulnerable 

groups(58). The targets of this caries prevention program are groups vulnerable at high caries 

risk (25). The cumulative effect of fluoride should be taken into account for children under 6 

years of age, depending on the balance between the maximum protective effect against caries 

and the minimum risk of fluorosis, and the balance between the practitioner’s expertise and 

family preferences (24).  

    Three types of concentration are available in Europe.  

- The weakest concentration corresponds to 0.1% of difluorosilane, i.e. 1000 ppm of 

fluorine (Fluor Protector®, Ivoclar Vivadent) (19) (26).  

- The intermediate concentration is 5% sodium fluoride, i.e. 22,600 ppm of fluorine found 

in Duraphat® varnishes, Enamelast® (Ultra Dent), Clin Pro® (3M, ESPE) or 

Profluorid® (Voco). MI varnish® (GC) has the same concentration of fluorine and it 

also contains Amorphous Casein Calcium Phosphate Phosphopeptide (CCP-ACP) (26).  

- Most concentrates are bifluorides that contain 6% sodium fluoride and 6% sodium 

calcium fluoride, i.e. 56,000 ppm of fluorine such as Bifluorid 10® (Voco,) (26) (19). 
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The use of agents with a high concentration of fluorine, such as products for professional 

use, is recommended for patients at high risk of caries (25). Fluorinated agents that release a 

large dose at the start would be the most effective (24). But a high concentration of fluoride on 

the surface of the enamel would physically prevent Ca2+ ions from reaching the deeper layers 

(24). 

Products with a high fluoride concentration are quite effective in inhibiting lesion formation 

through the secondary prevention plan (24), while frequent application of low fluoride agents 

is considered to be the most effective regimen in controlling the progression of initial lesions, 

thus helping the primary prevention. The continued presence of a low concentration of fluoride 

ions promotes remineralization (13.19) 

c) Gel 

The fluoride gel can be applied by a professional, using a splint, worn for a few minutes, every 

6 months. It can also be used individually, during daily brushing (59). The gel for professional 

use usually contains 12,300 ppm of fluorine and can go up to 20,000 ppm, it can be acidic or 

neutral (27). (27). The gel for personal use contains 1800 to 13,500 ppm F. 

In Europe, the fluoride gel for professional use is indicated for adults only (Fluocaril 

bifluoré 2000®). Fluoride gels for individual use are related to toothpastes and are reserved for 

patients over 6 years for Fluocaril bifluoré 180®, over 10 years for Fluocaril bifluoré 250®, 

over 12 years for Fluodontyl®, and over 16 years for Duraphat®, on the advice of the dentist. 

Fluoride gel presents a greater risk of ingestion than fluoride varnish, which is why it cannot be 

used for children under 6 years old. 
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d) Mouthwash 

Fluoride mouthwash is a topical intended for children over 6 years old (19). It includes 200 to 

900 ppm. Its use can be individual or supervised, daily or weekly. Its efficiency is questioned 

nowadays (18). 

ii. Ideal administration form 

Fluoride varnishes are easy to use and quick to apply. They require little material and rapid 

tooth preparation. Its adhesion to the enamel surface and its rapid setting after application result 

in a reduced risk of ingestion. This risk of limited ingestion is of particular interest in young 

children. For this reason, fluoride varnish may be preferred for very young and young patients 

at risk of caries who cannot spit. The generally recommended frequency is twice a year, 6 

months apart (26).  

Professional fluoride gels are applied in the office using trays. Their application time is 

several minutes, this technique is therefore contraindicated in young children because it is 

difficult to control excess gel during the application and therefore to avoid ingestion (27).  

 

iii. Adapted prescription of fluoride 

All patients are not equal in risk when it comes to caries disease, which is why the management 

must be adapted and individual. The treatment plan therefore requires an evaluation phase of 

these factors, commonly called “evaluation of the caries risk”. Many risk assessment methods 

have been developed such as the system Caries Management by Risk Assessment (CAMBRA) 

and the Cariogram (24). Both are based on the identification of variables that can be grouped 

in different ways, for example: unchanging factors, represented by risk groups (elderly, 

disabled, low socio-economic level), versus factors modifiable by the patient and/or the 

practitioner; environmental factors versus behavioral and biological factors. 
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It is also important to assess the child’s fluoride intake, it is essential to know its weight 

and the daily intake quantity of fluoride:  

—fluoridated intakes from drinking water. The fluorine concentrations in the distribution of 

water by municipalities were collected from the departments and a list of bottled waters with 

their fluorine concentration is available on online platforms. 

—intake by fluoridated salt during meals. 

—fluoride intakes through drug supplementation: prescriptions and self-medication. 

 

iv. Safety considerations 

In order to ensure the healthy use of fluorides, some recommendations apply generally to all 

children. First, toothbrushing should be done under parental supervision so that only the 

recommended doses of toothpaste are used (pea size up to twice a day for children under 6). 

six). 

It is also important to keep products containing fluoride out of the reach of children, in 

a dry storage place and at room temperature. The product packaging or the instruction for use 

provides information on the risks and the ideal dosage. In case of manifestation of side effects, 

it would be interesting to turn to drug safety or pharmacovigilance agencies to advise them. 
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VII. CONCLUSION 

 

    During the 20th century, fluoride played a major role in significantly reducing the prevalence 

of dental caries worldwide. 

Victim of its own success and growing market demands, fluoride administration 

methods have multiplied and diversified over time (drinking water, salt, food, toothpaste, etc.), 

leading to an often unintentional overconsumption of fluorides and therefore consequently an 

increase in the prevalence of its side effects. 

One of its major negative repercussion is dental fluorosis. It is caused by excessive ingestion 

of fluorides during the first years of life. This excess fluoride causes an incomplete crystal 

development in the tissues, resulting in the formation of a porous fluorotic enamel. 

Faced with the hypothesis of these toxicity, many people wonder whether fluoride is good or 

bad. This binary thought often makes discussion impossible. Indeed, the answer is neither the 

one nor the other and both at the same time. Fluoride has a definite beneficial effect on the 

prevention of dental caries. On the other hand, at a certain concentration, it exhibits toxicity. 

It’s the accumulation and ignorance of the various sources of fluoride intake that are often the 

cause of these negative experiences.   

 

To prevent the occurrence of this toxicity, it is the responsibility of all healthcare 

professionals to check before each prescription that fluoride supplementation is suitable. It is 

therefore essential to carry out an individualized fluoride assessment. 
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VIII.  RESPONSABILITY 

 

Oral health is an essential and integral component of health in general; its degradation 

represents thus a major public health problem, due to its human and social impact. That is all 

the more important when it comes to the oral health of a child, since it directly influences their 

development and quality of life. It is clear that oral diseases are obviously a history linked to 

the life course. That is to say that from early childhood to the last years of life, people will be 

affected by oral diseases. This is a very important component when government establishes 

public health strategies. In this context, it is important not to relax the efforts put to prevent the 

onset of caries disease in children and delay the appearance of caries.  

The insufficient knowledge of parents about the issues and risks at an early stage of 

children's development contribute to maintain a high level of early childhood caries. Their 

therapeutic management is difficult because of their young age and the lack of trained and 

informed practitioners. Recommendations are needed for health professionals and parents to 

change behaviors towards oral health. Data from the international scientific literature allows to 

establish recommendations on certain strategies that have been shown to be effective in 

improving the oral health of young children. Thus, oral prevention is a way to improve dental 

health, to detect risk factors, detect lesions as soon as they appear so that they can be treated 

quickly reduce the carious index of children and reinforce health education, prevent the 

occurrence of subsequent pathologies. 

 

Despite the numerous scientific data showing the harmlessness and the efficiency of 

fluorine, a lot of erroneous information, even dangerously far-fetched, circulate on the Internet 

and social networks. These "fake news", as they are called, are propagated by "anti-fluorine" 

groups that question its harmlessness. Some of them rely on the possible confusion between 
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fluorine (an irritating gas, totally absent from oral hygiene products) and fluorides, the fluoride 

salts present in toothpastes. Unfortunately, anti-fluorine fake news sow doubt in people's minds 

and the consequences on oral health are very visible. Used in a reasoned way, fluorine is a very 

precious ally for the health of teeth and especially not an enemy to be fought at all costs. Years 

of experience are there to prove it, fluorine is the most effective anti-caries active. It is therefore 

our responsivity of caregiver to reestablish a scientific truth and relativize the controversies. 

The social determinants of oral health are well known. Depending on the living area, 

the education received, and the progress through education and work etc., people will be 

exposed to more or less oral problems. So oral diseases are today a marker of social inequalities. 

The richer people are, the better educated they are, the better the oral health. All this to tell that 

fluoride may seem to be a solution. Combined with other oral preventive measures, fluoride 

salt offers a potential for improving oral health, particularly in developing countries where it 

may be the only affordable supplementation solution. This vector of fluoride intake can reach 

a large population, given its universal consumption with a limited risk of side effects. Fluorosis 

would not be a public health problem in the context of a salt fluoridation program, although the 

benefit/risk ratio must be systematically assessed. The effectiveness of salt fluoridation depends 

on the rate of use in the population, and therefore particularly on the communication policy 

used to promote it. 
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