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Abstract:  
Fluoridation plays a key role in the prevention and control of dental caries in general public health. 

However, this success is not without cost and has resulted in strong debates within the dental profession. Dental 

fluorosis is a cosmetic effect that ranges in appearance from scarcely discernible to a marked staining or pitting of 

the teeth in severe forms. It is caused by an elevated fluoride level in, or adjacent to, the developing enamel, usually 

from birth to approximately six to eight years of age. Dental fluorosis in an adult is a result of high fluoride exposure 

when the adult was a child or adolescent.  

In its mildest (and most common) form it may manifests barely noticeable whitish striations, while more 

severe forms involve confluent pitting and staining of the dental enamel. 

The American Dental Association (ADA) defines it as a hypomineralization of tooth enamel that results 

from excessive fluoride ingestion prior to tooth eruption (ADA Reports, 2005). An increase in the prevalence of 

dental fluorosis has been reported simultaneously in both fluoridated and non-fluoridated communities.  

Although most of fluorosis is mild or very mild, and has little or no impact on quality of life of affected 

people, a judicious use of fluoride to avoid moderate and severe fluorosis is needed. In order that the maximum 

benefit of fluoride for caries control can be achieved with a minimum risk of side effects, it is necessary to have a 

comprehensive understanding of the mechanisms by which fluoride promotes caries control, thus regulating the 

amount of fluoride intake is essential. 
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Introduction: 

The relationship between fluoride 

and dental caries was first noted in the early 

part of the 20th century when it was 

observed that residents living in areas with 

naturally high levels of fluoride in the water 

had brown-stained teeth, which were highly 

resistant to caries [1]. Thus, it was the dental 

fluorosis that prompted the initial detailed 

investigations and ultimately lead to the 

discovery of the anticaries benefits of 

fluoride [2,3]. 

The credit for the identification of 

the scientific basis for fluoride in preventing 

dental caries can be largely attributed to the 

work of two American dentists, Dr. 

Frederick McKay and a US Public Health 

Officer, H.Trendley Dean [4].  

Caries incidence and prevalence 

have decreased significantly over the last 

few decades in the developed countries. This 
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decline has been observed worldwide and is 

a result of increased usage of oral hygiene 

products, but primarily it is a result of the 

widespread use of fluoride. On the other 

hand, excessive fluoride intake may cause 

dental fluorosis, the only proven side effect 

of the use of fluoride of dental relevance [5]. 

 

Classification of dental fluorosis 

In order to compare the severity and 

distribution of dental fluorosis in various 

communities, Dean developed an 

epidemiological index according to which 

each tooth is allotted a score [5]. For each 

score a corresponding description of the 

clinical appearance of the tooth was given: 

Normal: The enamel is translucent - the 

surface is smooth, glossy, and usually of a 

pale creamy white color; Questionable: The 

enamel shows slight aberrations ranging 

from a few white flecks to occasional white 

spots; Very mild - Small, opaque, paper-

white areas scattered irregularly over the 

tooth, but involving less than approx. 25% 

of the tooth surface; Mild: The white opaque 

areas in the enamel are more extensive but 

do not involve as much as 50% of the tooth; 

Moderate: All enamel surfaces of the teeth 

are affected, and surfaces subject to attrition 

show marked wear. Brown stain is 

frequently a disfiguring feature; Severe: All 

enamel surfaces are affected and hypoplasia 

is so marked that the general form of the 

tooth may be altered. The major diagnostic 

sign of this classification is the discrete or 

confluent pitting. Brown stains are 

widespread and teeth often present a 

corroded-like appearance [5]. 

This classification is still the ‗gold 

standard‘, though other indices have been 

developed–including the widely used 

Thylstrup and Fejerskov Fluorosis Index 

(TFI) (1978), which has an expanded range 

for the more severe forms of dental fluorosis 

[6]. 

 

Epidemiology of Fluorosis and 

caries prevention 

Endemic fluorosis is now known to 

be global in scope, occurring on all 

continents and affecting millions of people 

[7,8]. Although no precise figures for the 

global number of persons affected are 

available, some figures at national levels 

have been given in the literature. Fluorosis is 

endemic in 22 countries (Figure 1)  and 

India and China are worst affected and 

caused not only by drinking fluoride in 

groundwater but also by breathing airborne 

fluoride released from the burning of coals 

[9].
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Figure 1. Countries with endemic fluorosis. (Source: Unicef, Waterfront, 

Issue 13, December 1999) 

 

 

Interestingly, an increase in the 

prevalence of dental fluorosis has been 

reported simultaneously in both fluoridated 

and non-fluoridated communities [10,11]. 

Although most of this fluorosis is mild or 

very mild, and has little or no impact on 

quality of life of affected people, a judicious 

use of fluoride to avoid moderate and severe 

fluorosis is needed [12]. Thus, in order that 

the maximum benefit of fluoride for caries 

control can be achieved with a minimum 

risk of side effects, it is necessary to have a 

comprehensive understanding of the 

mechanisms by which fluoride promotes 

caries control. This led to researchers around 

the world turning their attention toward 

controlling the amount of fluoride intake 

[13]. 

As today's knowledge expands, 

researchers believe that the most important 

risk factor for fluorosis is the total amount of 

fluoride consumed from all sources during 

the critical period of tooth development 

[14]. Thus, it is important not only to know 

the main sources of fluoride intake but also 

the critical periods of formation in which the 

teeth are more susceptible to the effects of 

fluoride and the levels of fluoride intake 

above which dental fluorosis is expected to 

occur [15]. 

During the history of 70 years of 

fluoridation, opponents claim that the 

benefits of fluoridation do not seem to be as 

great as it was initially touted by proponents. 

Their arguments are based on that controlled 

studies show that fluoridation reduces 

cavities by approximately 15% to 35%, far 

less than the two thirds reductions claimed 

by researchers and public health promoters 

in the 1950s and 1960s [16,17].  

There are several reasons for this; 

first, cavity rates have decreased in both 

fluoridated and unfluoridated communities. 

It is unclear exactly why children get fewer 

cavities than they did 70 years ago [18]. 

Fluoridated toothpastes and better dental 

care undoubtedly play a role. Early fluoride 

researchers believed that the effects were 

systemic, whereas today most researchers 

believe that the effects are predominantly 
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topical, making fluoridated toothpaste a 

more effective intervention than researchers 

thought it would be in the 1950s and 1960s 

[19].  

Some researchers have argued that 

the extensive use of antibiotics in childhood 

has reduced tooth decay, that high-fructose 

corn syrup is less cariogenic than sucrose, or 

that better living conditions have improved 

dental health. Even if communities are not 

fluoridated, fluoridation might play a role in 

the decrease in tooth decay due to the 

diffusion of fluoridated water to areas 

without fluoridated water through bottling 

and processing of foods and beverages in 

areas with fluoridated water [20, 21].  

Moreover, some of the early 

fluoridation studies had methodological 

problems, which may have exaggerated their 

benefits. Determining whether a tooth is 

decayed is somewhat of a subjective 

exercise even when x-rays are used [22]. 

Most of the early studies did not use x-rays 

or used them only partially. The early 

studies were also not blinded; everyone 

knew which community was fluoridated and 

which community was not. Thus, it is 

difficult to compare studies from 70 years 

ago with today‘s studies [23]. 

In spite of everything, fluoride is 

proven to have a cario-protective effect. The 

benefits of topical fluorides (presented in the 

oral cavity), and low intake of fluoride (in 

drinking water, food or dental hygiene 

products) for dental caries prevention are 

firmly established [24]. However, during 

childhood years slightly higher levels can 

lead to dental fluorosis, a mineralization 

disorder of the dental enamel.  

Prolonged fluoride intake, at any 

age, may result in skeletal fluorosis, a 

condition with increased bone density and 

brittleness, with a potential increase in 

fracture risk.  Other adverse health effects 

such as cancer (osteosarcoma in particular), 

effects on the thyroid, and effects on the 

developing brain have been reported to be 

associated with ingested fluoride [25].  

In spite of all this, the extensive 

research conducted over the last 50 years, 

the quality of the evidence of both the 

beneficial and harmful effects of fluoride is 

surprisingly poor. Studies often lack the 

appropriate study design and statistical 

methodology. 

 

Dosage 

Researchers all over the world have 

been investigating the reasons for the 

incidence of fluorosis and came to the 

consensus that (1) the true risk factor for 

fluorosis is the total amount of fluoride 

intake and (2) the period of fluoride intake 

[26]. 

Knowing that fluoride has a cario-

protective effect and also might lead to 

fluorosis when used in excess, it seems to be 

indispensable to establish the exact margin 

between both effects. Unfortunately, the 

health institutes are inconclusive in terms of 

the recommended dosages and each country 

has its own recommendation [27].  

The optimum level of fluoride intake 

must at this time be defined as that which in 

epidemiological and clinical observations 

has been found to combine the highest 

degree of caries protection with the lowest 

degree of fluorosis. The margin between the 

beneficial effects of fluoride and the 

occurrence of dental fluorosis is small and 

public health programs seek to retain a 

suitable balance between the two [28]. 

The level of dental caries (measured 

as the mean number of Decayed, Missing or 

Filled teeth) falls from seven at a fluoride 

concentration of 0.1 mg/liter to around 3.5 at 

a fluoride concentration of 1.0 mg/liter. As 

fluoride concentration increases further (up 

to 2.6 mg/litre) dental decay continues to 

fall, but only slightly [29,30,31].  

Conversely, dental fluorosis 

increases as fluoride concentration 
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increases. At a fluoride concentration of 1 

mg/liter about 20 percent of children have 

evidence of dental fluorosis but this 

fluorosis is of a mild degree of severity and 

would not be cosmetically obvious to the 

children or their parents [31]. Thus studies 

suggested that, at least for fluoride naturally 

present in water, the optimal level of 

fluoride for a temperate climate was around 

1 mg/liter; this concentration was associated 

with a substantial resistance to tooth decay 

but with only a small and cosmetically 

insignificant increase in the prevalence of 

dental fluorosis [32].  

Further studies have shown that, in 

both the deciduous and the permanent 

dentitions, there was a very strong inverse 

correlation between decreasing caries and 

increasing fluoride content of the water 

supply, up to about 1-1,5 mg/liter. Further, 

the prevalence of dental fluorosis increased 

above 1 mg/liter. These two sets of 

observation led to the process of adjusting 

the amount of fluoride in a community water 

supply to an optimal concentration for the 

prevention of dental caries -- community 

water fluoridation schemes. In temperate 

climates, the optimal concentration for 

community fluoridation is 1mg of fluoride 

per liter [33]. 

Drinking habits are affected by 

ambient temperatures and thus climate 

influences the quantity of fluoride ingested 

daily. Failure to make adjustments for this 

factor may result in a higher prevalence of 

fluorosis in warmer climates, but it may also 

lead to reduced caries protection if upward 

adjustment is not made in colder climates. 

The US Public Health Service established 

limits for fluoride for the climate zones of 

North America that had been considered to 

be the determinants for the gradation of 

concentrations as a function of the mean 

annual temperature (18 degrees = 12 mg 

fluoride per liter, 19-26 degrees = 0,9 

mg/liter and 27 degrees or higher = 0,7 

mg/liter ) [14]. 

The optimum caries-protective 

effects of different fluoride concentrations 

have been demonstrated in hot climatic 

zones (0,6 mg of fluoride per liter) and in 

cold zones (1,0-1,2 mg of fluoride per liter) 

[34]. 

The safety of consuming fluoridated 

water is of high importance. The question of 

possible secondary effects caused by 

fluorides taken in optimal concentrations 

throughout life has been the object of 

thorough medical investigations, which have 

failed to show any impairment of general 

health. Longitudinal studies exclude any 

systemic effects on development, growth, 

and health, and of cardiovascular, allergic or 

other diseases.  

Likewise, in studies of adults, no 

differences in the incidence of cancer or in 

the death rate of old people could be shown. 

The only difference was a lower prevalence 

of caries in areas of high fluoride water 

content. All these reports have considered 

the adjustment of the water fluoride content 

to about 1 mg of fluoride per liter to be safe 

[34,35].  

However, the situation is quite 

different in cases of excessive fluoride 

intake, such as may occur in areas with a 

high concentration of fluoride (2,0-10,0 mg 

of fluoride per liter). Secondary effects in 

the form of dental and skeletal fluorosis 

might appear in such an environment. Partial 

defluoridation is required in these situations. 

Investigations in areas having high fluoride 

concentration (e.g. in Midland, Texas, where 

the level is 5-7 mg/liter) indicate a higher 

anticaries effect but at the cost of unsightly 

dental fluorosis [14, 36]. 

The widely accepted optimal intake 

of fluoride (between 0.05 and 0.07 mg/kg) 

has been empirically established. Its origin 

is attributed to McClure, who in the 1960s 

estimated that the ―average daily diet‖ 
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contained 1,0 - 1,5 mg fluoride, which 

would provide about 0,05 mg/kg for 

children aged 1-12 years [37]. Later on this 

information was interpreted as a 

recommendation when Farkas and Farkas 

cited various sources that suggested 0,06 

mg/kg fluoride was ―generally regarded as 

optimum‖ [38].  

It is worth mentioning that other 

factors may increase the susceptibility of 

individuals to dental fluorosis, including 

residence at high altitude, renal 

insufficiency, malnutrition and genetics. 

Some of these factors can produce enamel 

changes that resemble dental fluorosis in the 

absence of significant exposure to fluoride. 

Some authors claim that the severity of 

fluorosis is related to the concentration of 

fluoride in the plasma, considered to be in 

equilibrium with the tissue fluid that bathes 

the enamel organ [36]. Plasma fluoride 

levels are influenced by many factors, 

including total fluoride intake, type of intake 

(i.e. ingested vs. inhaled), renal function, 

rate of bone metabolism, metabolic activity, 

etc. In addition to these variables, genetic 

factors have been shown to dictate the 

severity of enamel fluorosis in mice [39].  

Data from a cohort study (Iowa 

Fluoride Study) on longitudinal fluoride 

intake for children free of fluorosis in the 

early-erupting permanent dentition and free 

of dental caries in both the primary and 

early-erupting permanent teeth were 

compiled in an attempt to add scientific 

evidence to the ―optimal fluoride intake‖.  

The estimated mean daily fluoride 

intake for those children with no caries 

history and no fluorosis at age 9 years was at 

or below 0,05 mg/kg during different 

periods of the first 48 months of life, and 

this level declined thereafter. Children with 

caries generally had slightly lower intakes, 

whereas those with fluorosis had slightly 

higher intakes [40].  

Specific guidelines for different ages 

were published by the US Food and 

Nutrition Board of the Institute of Medicine, 

recommending total daily fluoride intakes. 

In this guideline, the suggested total daily 

exposure dosage for infants younger than 6 

months of age of 0.01 mg fluoride/day in all 

drinks and food is lower than the USEPA 

recommended reference dose. These 

guidelines suggest greater attention should 

be given to the total fluoride intake of 

infants from water used to dilute infant 

formulas, foods and other supplement 

sources [41]. 

The World Health Organization 

recommendations are that artificially 

fluoridated drinking water should not exceed 

1.0 mg/L, and that naturally occurring 

drinking water fluoride should not exceed 

1.5 mg/L.  Recently, the US Department of 

Health and Human Services set the 

recommended level to 0.7 mg/L ―the 

concentration that provides the best balance 

of protecting from dental caries while 

limiting the risk of dental fluorosis‖ [42].  

Determining the optimal level of 

fluoride intake is difficult, as a daily fluoride 

intake cannot be uniquely determined since 

each individual has its own food and 

beverages intake and thus can be only 

estimated very vaguely.  

It is not the type of fluoride intake 

that has importance for the appearance of 

fluorosis, it is the total fluoride intake which 

is the true risk factor for fluorosis. However, 

this is very difficult to quantify. The optimal 

level is virtually impossible to calculate 

because of variations in fluoride levels in all 

sorts of foods and beverages. It cannot be 

assumed that because a person resides in a 

community with non-fluoridated water, he 

or she is receiving low levels of fluoride. 

People can get fluoride from water at 

locations other than home (e.g. child care 

setting, school, work) or from drinking 

substantial amounts of soft drinks or juices, 
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which often have fluoride levels close to the 

optimal range for drinking water. For 

example, if the child lives in a home with 

low or no fluoride levels in the water, but 

drinks fluoridated water in the child care 

setting or at school, then additional fluoride 

applications must be reduced accordingly. 

Also, fluoride intake from food highly 

depends on each individual‘s diet and food 

preferences [43, 44]. 

Fluoride intake should be monitored 

and calculated for each individual and based 

on that intake, additional fluoride must be 

recommended. Among solid foods, 

vegetables, fruits and meats, different 

varieties of fluoride content can be seen. As 

already mentioned, not only the total amount 

of fluoride intake is decisive, but also the 

period of fluoride intake is crucial for the 

appearance of fluorosis [43]. 

Considering that fluorotic changes in 

teeth cannot be reversed but may be 

prevented by controlling fluoride intake 

during the critical period of tooth formation, 

the identification of periods during which 

fluoride intake most strongly results in the 

enamel fluorosis assumes great importance 

[41]. 

Clinical studies of dental fluorosis 

have demonstrated that the most critical 

period for development of fluorosis is during 

the post-secretory or early maturation phase 

of tooth development. DenBesten states, that 

the white opaque appearance of fluorosed 

enamel is caused by a hypomineralized 

enamel subsurface; with more severe dental 

fluorosis, pitting and a loss of the enamel 

surface occurs, leading to secondary staining 

(appearing as a brown color). Many of the 

changes caused by fluoride are related to 

cell/matrix/mineral interactions as the teeth 

are forming [45].  

At the early maturation stage, the 

relative quantity of amelogenin protein is 

increased in fluorosed enamel in a dose-

related manner. This appears to result from a 

delay in the removal of amelogenins as the 

enamel matures. In vitro, when fluoride is 

incorporated into the mineral, more protein 

binds to the forming mineral, and protein 

removal by proteinases is delayed. This 

suggests that altered protein/mineral 

interactions are in part responsible for 

retention of amelogenins and the resultant 

hypomineralization that occurs in fluorosed 

enamel [46].  

Fluoride also appears to enhance 

mineral precipitation in forming teeth, 

resulting in hypermineralized bands of 

enamel, which are then followed by 

hypomineralized bands. Enhanced mineral 

precipitation with local increases in matrix 

acidity may affect maturation stage 

ameloblast modulation, potentially 

explaining the dose-related decrease in 

cycles of ameloblast modulation from ruffle-

ended to smooth-ended cells that occur with 

fluoride exposure in rodents [45]. 

For the whole permanent dentition 

(excluding the third molars), the age for 

possible fluorosis development has been 

considered to be the first 6-8 years of life. It 

is the age of eight years, when enamel 

maturation of permanent teeth is completed 

except for the third molars [31]. 

However, most of the studies 

concerning the window of maximum 

susceptibility to dental fluorosis 

development have focused on the permanent 

maxillary central incisors, which are of the 

greatest cosmetic importance. While there is 

general consensus that the early maturation 

stage of enamel development is more critical 

for fluorosis than the secretory stage, the 

evidence is not completely conclusive 

regarding the age at which maxillary central 

incisors are most susceptible to dental 

fluorosis [33].  

Thus, the development of fluorosis 

appears to be related not only to the timing 

of fluoride intake relative to the periods of 

tooth formation, but also to the cumulative 
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duration of fluoride exposure. From the 

available evidence, it seems rational to 

monitor fluoride intake of children in the 

first 3 years of life in order to minimize the 

risk of developing dental fluorosis of the 

permanent maxillary central incisors, which 

are the most relevant teeth from an aesthetic 

point of view. 

 

Conclusion 

When fluoride is provided in optimal 

amounts, it potentially conveys major dental 

health benefits to all age groups.  

Countries which have excellent 

dental health without fluoridation also 

typically have very robust dental health 

programs, providing free or inexpensive 

dental care for children, ensuring that they 

see dentists regularly, thus keeping the 

caries incidence and prevalence low without 

fluoride. 
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