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Abstract: 
Dental fluorosis is a frequent oral pathology of the teeth, more specifically of enamel that is caused by 

excessive fluoride consumption during the formation of dental units. A multitude of factors have been shown to be 

related to the etiology of dental fluorosis, most commonly food, drinking water, supplements and toothpaste. 

Regarding pathogenesis, this aspect is not yet fully apparent, however environmental and also genetic factors have 

been incriminated. Prevalence of dental fluorosis is on the rise globally as such, certain health policies and 

management strategies should be adopted.  

According to the severity of the disease, several treatment options are available, from minimally invasive in 

the more mild cases, to more extensive prosthetic dental work, such as veneers or dental crowns, for severe clinical 

situations in which the enamel is markedly affected.  

This review discusses the most frequent factors incriminated in the appearance of dental fluorosis and 

discusses possible treatment options for the clinician for a better overall management of these patients. 

Keywords: Dental fluorosis, minimally-invasive treatment, fixed bridges, risk factors, 

environmental, toothpaste  

 

Introduction 

Concurrent with the decline in caries, 

an increase in the prevalence of dental 

fluorosis has been noticed. Concern with the 

increase in the prevalence has led to 

numerous studies on reasons for the 

increase, and in identifying the risk factors 

for fluorosis [1].  

Analyzing case-control studies, 

cohort studies and randomized clinical trials 

whose results were compiled in systematic 

reviews with or without meta-analysis led to 

the identification of 4 major risk factors for 

dental fluorosis: fluoridated drinking water, 

fluoride supplements, fluoride toothpaste 

and implementation of infant formulas 

before the age of eight years [2,3]. 

Risk factors related to dental 

fluorosis 

Fluoridated drinking water 

It has been shown that in order to 

achieve maximum protection for both 

permanent and primary teeth, the 

consumption of fluoridated water should 

begin at birth. The systemic effects of 

fluoride are most apparent in water 

fluoridation studies [4]. Fluoridated water 

not only acts systemically during tooth 
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formation to make dental enamel more 

resistant to caries, but also acts directly as a 

topical agent [5]. However, most researchers 

agree that the benefits of fluoride are not 

uniformly conferred on all permanent tooth 

surfaces; aproximal and other smooth 

surfaces are protected to a far greater extent 

than are pit-and-fissure surfaces [6].  

The adjustment of fluoride in 

community water-supplies has long been 

recognized as an effective method of 

preventing dental caries and is a major 

factor responsible for the decline in the 

disease during the latter half of the 20th 

Century [7].  

According to Warren water 

fluoridation continues to be the most 

feasible and efficient method of providing 

fluoride to the population [8]. Fluoridation 

of community water supplies is the least 

expensive and most effective way of 

providing fluoride to large groups of people 

of all ages [7]. It is particularly beneficial 

for individuals living in communities with 

fewer resources, who have a high burden of 

dental caries and less access to oral health 

care and alternative fluoride resources. It has 

the advantage that it can be evaluated in 

direct comparison with areas where the 

natural fluoride content of the water is high 

[9]. Water fluoridation has now been in 

operation for almost 40 years. It has been 

implemented in more than 20 countries in 

different parts of the world. However, the 

level of fluoride exposure via drinking water 

is difficult to be assessed [10]. 

For a given individual, fluoride 

exposure (mg kg/L of body weight per day) 

via drinking water is determined by the 

fluoride level in the water and the daily 

water consumption (liters per day). For a 

given individual, water consumption 

increases with temperature, humidity, 

exercise and state of health, and is modified 

by factors including diet and lifestyle [11]. 

Roughly, the closer to the Equator, the 

higher the water consumption [12]. 

The level of exposure is not only 

dependent on the fluoride concentration in 

the drinking water, but also on the amount 

ingested as well as the subjects’ body weight 

[13]. Even in European countries, according 

to data collected in the adult population, the 

consumption pattern shows large 

differences; from 0.7 L/person/day, up to 3.8 

L/person/day across countries (median 

consumption 1.3 L/person/day). The 

variance was attributed to human physiology 

and climate conditions [14]. However, the 

exposure will mainly be dependent on the 

concentration of fluoride in water. The 

World Health Organization (WHO) use 2.0 

L/person/day as a default value for 

consumption. Water and other liquid 

consumption data in children less than 12 

years is estimated to be under 0.5 

L/person/day, and about 0.6 L/person/day 

for children aged 12 to 15 years [15]. 

However, the available data population wide 

is sparse. 

Heller, in his early studies 

recommending fluoridation of water, 

estimated a 10 percent prevalence of mild or 

very mild fluorosis in the permanent teeth at 

water fluoride levels of 1.0 mg/L [16]. 

Reports 10 to 17 years after water 

fluoridation from the Newburgh-Kingston 

and Grand Rapids water fluoride studies 

showed that 7 to 16 percent of the children 

born and raised in the areas exhibited dental 

fluorosis [17,18]. This degree of prevalence 

was recorded when drinking water was 

virtually the only potential source of 

fluoride. In the US, prevalence of dental 

fluorosis in the mid-1980s, when fluoride 

was available from multiple sources, was 

22.3% in a national sample of 

schoolchildren. According to different 

studies, the prevalence of fluorosis ranges 

from 7.7% to 69% in fluoridated 
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communities, and from 2.9% to 42% in non-

fluoridated communities [19].  

Current therapeutic thinking focuses 

more on risk assessment and 

individualization of fluoride therapies. It is 

important not to think that more fluoride is 

better. 

In the 1940s, before any fluoride 

products were developed, there was a 

reduction of 50% to 60% in caries in areas 

with fluoridated water relative to those 

without fluoridation, and fluorosis tended to 

appear only where water fluoride levels 

substantially exceeded 1 ppm. Now, with 

more varied and more widely available 

sources of fluoride, the benefit curve is 

flatter, and the fluorosis curve is steeper, 

thus implying lower benefit for a higher risk 

if administered improperly [16]. 

Decisions to fluoridate community 

water supplies are made at the local level, 

and this process is used to the advantage of 

that oppose water fluoridation [20]. The 

charges raised by opponents tend to be more 

sophisticated variations on themes used 

since the inception of water fluoridation, 

namely, unproven adverse health 

consequences (e.g. cancer, acquired 

immunodeficiency syndrome) and 

infringement on freedom of choice [20,21]. 

Their strong appeals and messages 

associating fluoridation with cancer and 

acquired immunodeficiency syndrome, 

although disproved, can and have had a 

powerful influence on the public. Although 

anti-fluoridationists have gained much 

publicity in an attempt to create the illusion 

of scientific controversy over fluoridation, 

claims of health hazards from water 

fluoridation at the appropriate level are 

unfounded. 

The only proven adverse effect of 

water fluoridation is fluorosis and in order to 

minimize the incidence of fluorosis, some 

measures should be taken. One of them is 

external monitoring of water fluoridation by 

an independent assessor. It is also important 

to advise that, for infants and small children 

receiving large quantities of reconstituted 

infant formula, water containing <0,5 ppm 

fluoride should be used [15].  

A meta-analysis found that a 1.0 

ppm increase in the fluoride level in the 

water supply is associated with a 67% 

increase in the odds ratio for dental fluorosis 

associated with infant formula [22]. Thus, 

bottled water with relatively low fluoride 

content can be used instead of fluoridated 

water from the public supply [22].  

Many brands of bottled water 

commercially available have low fluoride 

content and should be adequate for this 

purpose [23]. However, one difficulty is that 

in many cases fluoride concentrations are 

not stated or are stated inaccurately on the 

labels, and unexpectedly high fluoride 

concentrations still can occur [24]. This 

reinforces the need for global labeling of 

fluoride levels in bottled water and rigorous 

surveillance by the public health authorities. 

Community water fluoridation is rare 

in Continental Europe with 97–98% 

choosing not to fluoridate drinking water.
 

Fluoridated salt and milk is promoted in 

some European countries instead [14]. 

Water fluoridation has been replaced by 

other modes in many countries where water 

supplies are too decentralized for it to be a 

practical choice, or existing natural fluoride 

levels were already ample, including 

Germany, Finland, Japan, Netherlands, 

Sweden, Switzerland, Denmark and at a 

time Israel [14].  Instead, water fluoridation 

might be replaced by a targeted fluoridation, 

like in Japan, where they address children by 

offering fluoride mouth-rinsing programs in 

schools, rather than a mass dosage for the 

whole population [16]. 

In an interesting study implemented 

in Calgary (Canada), researchers evaluated 

the effect of cessation of water fluoridation. 

They observed that the incidence of cavities 

https://en.wikipedia.org/wiki/Continental_Europe
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in permanent teeth actually decreased in 

Calgary since fluoridation ended, however 

this may be due to implementation of other 

caries preventive measures and a stricter 

surveillance of the population regarding oral 

health [25]. On the other hand, collectively, 

comparing published research, the literature 

indicates that the impact of fluoridation 

cessation on dental caries is not uniformly 

positive or and varies from case to case. 

Results are mixed, but point more to an 

increase in caries post-cessation than 

otherwise. 

The debate over the positives and 

negatives of the addition of fluoride to 

drinking water has raged on for quite some 

time. Surveys done by water companies 

across the United States have indicated an 

even split between opponents and supporters 

of the practice [1]. 
 

Fluoride supplements 

Dietary fluoride supplements were 

originally designed to help prevent dental 

caries in children living in fluoride-deficient 

areas. The recommended daily dose was 

based on the age and fluoride concentration 

in the drinking water. Studies confirmed the 

positive association between the use of 

supplements and the occurrence of dental 

fluorosis [10]. 

A study evaluated the effectiveness 

of fluoride supplements in preventing dental 

caries. They concluded that there is weak 

inconsistent evidence showing that fluoride 

supplements are effective at preventing 

caries in primary dentition. However, they 

are able to help prevent caries in the 

permanent teeth of school-aged children (>6 

years) when used on a regular basis - 

primarily due to a topical effect [26]. There 

is consensus that fluoride supplements 

should not be prescribed in optimally 

fluoridated areas, for infants less than 6 

months of age, or for children who are at 

low risk of developing dental caries.  

In the USA, the American Dental 

Association recommends: (1) no 

supplements from birth to 6 months or for 

residents of areas containing more than 0,6 

ppm fluoride in the drinking water; (2) 0,25 

mg fluoride/day from 6 months to 3 years 

for children living in areas containing less 

than 0,3 ppm fluoride in the drinking water; 

(3) 0.50 and 0.25 mg/day for children aged 

3-6 years, living in areas with less than 0.3 

and 0.3-0.6 ppm fluoride in the drinking 

water, respectively, while double the dose is 

recommended from 6 to 16 years [22].  

It should be emphasized that the 

American Dental Association (ADA) 

recommends that dietary fluoride 

supplements should only be used for 

children who are at high risk of developing 

dental caries. High-risk groups include 

children of low socio-economic status, those 

whose parents have low levels of education, 

those who do not regularly attend for dental 

care and those without dental insurance. 

High-risk children are those with active 

caries, those whose siblings have high levels 

of caries, high levels of Streptococcus 

mutans, cognitive or physical challenges to 

implement oral hygiene, or low salivary 

flow or buffering capacity, and especially 

those consuming a cariogenic diet and 

receiving inadequate exposure to fluoride. 

Another recommendation of a group of 

European experts, states that a dose of 0.5 

mg/day fluoride should be prescribed for at-

risk individuals from the age of 3 years old 

[26]. 

Considering the available evidence 

indicating that fluoride supplements only 

help prevent caries when regularly used by 

children older than 6 years of age, and that 

their use before this age (but especially 

during the first 3 years) is associated with 

dental fluorosis, the view of these 

researchers seems to be the most rational 

one.  
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All that being said there is 

substantial evidence for the risk of fluorosis 

from use of supplements in fluoridated and 

non-fluoridated areas. For this reason, 

supplementation is becoming less commonly 

recommended and might be recommended 

only for children at high caries risk. The 

amount of fluoride supplement must be 

determined individually. This is of particular 

importance in rural areas with individual 

wells because the fluoride content of the 

well water can vary greatly over short 

distances. 

 

Infant formulas 

As stated before, the majority of 

studies conclude that the addition of 

optimally fluoridated water to concentrated 

infant formula with added fluoride, even at 

relatively low concentration may produce a 

liquid with an above optimum fluoride 

concentration, with the potential to 

contribute to the development of fluorosis. 

Therefore, to reduce the risk of fluorosis 

from the use of infant formulas the 

recommendation would be to use ready-to 

feed formulas, or use non-fluoride 

containing bottled water to dilute formula 

concentrate [13]. 

 

Fluoride toothpaste 

The fluoride toothpaste variables that 

have been associated with fluorosis are: 

beginning tooth brushing at a relatively early 

age; amount of toothpaste used measured as 

either toothbrushing frequency, amount 

swallowed, or the amount of paste used at 

each brushing. Although the association 

between toothpaste use and fluorosis was 

not always statistically significant, together 

there is compelling evidence that use of 

fluoride toothpaste before age six is a risk 

indicator for dental fluorosis [8]. 

The risk of developing fluorosis 

from use of fluoride toothpaste ranged from 

a slightly increased risk to a child having an 

11 times higher risk. The reasons for this 

wide range are the multiple sources of 

fluoride and the different indices used to 

measure fluorosis in each study [27]. 

If the risk of fluorosis is of concern, 

the fluoride level of toothpaste for young 

children is recommended to be lower than 

1,000 ppm. Risk-benefit considerations are 

critical.  

A systematic review and meta-

analysis concluded that only toothpastes 

containing ≤ 1,000 ppm fluoride have been 

proven to be beneficial for preventing caries 

in children and adolescents. However, for 

the deciduous dentition, uncertainty 

regarding the effectiveness of low-fluoride 

toothpastes for preventing caries was 

reported due to the lack of clinical trials 

[28].  

An alternative to improve the 

anticaries effectiveness of low fluoride 

dentifrices might be pH reduction, since 

lowering the pH enhances the tendency for 

calcium fluoride formation on enamel. It 

could be an alternative to standard fluoride 

concentration toothpaste in order to avoid 

dental fluorosis in young children, but 

additional clinical trials are necessary to 

provide evidence on this matter [29]. This 

could maximize benefits and minimize risk 

of accidental ingestion. In conclusion, based 

on the available evidence regarding the risks 

of caries and dental fluorosis, it seems 

reasonable to recommend low-fluoride (500 

ppm) toothpastes for young children who are 

at risk of developing dental fluorosis in the 

permanent maxillary central incisors (<3 

years of age) but have low caries risk, 

especially if they live in a fluoridated area. 

In all other cases, toothpastes containing at 

least 1,000 ppm fluoride should be used 

[29].  

Although to date there is no evidence 

supporting the association between the 

amount of toothpaste used and dental 

fluorosis, it seems rational to recommend 
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the use of a small amount of toothpaste by 

young children. It is equally important that 

young children brush under adult 

supervision and be instructed to expectorate 

the foam after tooth brushing as much as 

possible. 

In summary, there is substantial 

evidence that fluoridated water, fluoride 

supplements, infant formulas, and fluoride 

toothpastes are risk factors for fluorosis, 

with increasing risk from the use of any one 

product as the number of products used by 

the individual increases, thus the appearance 

of a cumulative effect. 

The clinician’s goal is to choose the 

most effective combination for each patient 

accoring to each individual situation. This 

choice must be based on the patient’s age, 

caries experience, general health, oral 

hygiene, environment, lifestyle, geographic 

area. 

Care should be taken when 

recommending the use of these products in 

children below the age of six years. 

Furthermore, clinicians should make 

conscious efforts through education to 

increase the awareness of potential side 

effects of prescribing the use of these 

products to patients. Moreover they ought to 

educate patients and the public on the 

appropriate use of these products, while not 

causing public alarm. 

 

General Recommendations to 

reduce the risk of fluorosis:  

1. Before fluoride supplements are 

prescribed clinicians should consider the 

fluoride content of the water consumed and 

the caries risk of the child, and be aware of 

the appropriate dosage for fluoride 

supplementation.  

2. Fluoride rinses should not be 

prescribed to children below the age of six 

years old. 

3. Parents should be encouraged to 

use ready-to-feed formulas, or use non-

fluoride containing bottled water to dilute 

formula concentrate. 

4. Cleaning children’s teeth without 

toothpaste until the age of 18 months. 

5. Low fluoride or no fluoride 

toothpaste should be recommended for use 

in very small or pre-school children 

(between 18 months and five years old). 

6. Only parents should dispense 

toothpaste, dispensing only a pea size 

amount. Parents should supervise 

toothbrushing to ensure that children 

expectorate and do not swallow toothpaste. 

7. Only using fluoride mouthrinses in 

children six years of age and older, because 

they may swallow the solution. 

 

Dental professionals will determine 

suitability for additional fluoride therapies. 

Importantly, fluoride drops and tablets 

should not be used at all whenever drinking 

water is fluoridated or not [30]. 

 

Prosthetic management of 

fluorosis 

 

The most frequent cause for patient 

visit in the dental office in the case of 

fluorosis affected subjects is discoloration. 

These defects in the enamel may absorb 

colorants from the oral environment (from 

food, beverages) and may become colored in 

a yellow, brown or even blackish hue that is 

esthetically unpleasing [31]. For more mild 

cases bleaching may be an option, however 

this has the risk of a non-uniform result. A 

more favorable option is through micro or 

macroabrasion in which the surface of the 

tooth is abraded to remove the staining [32].  

Unfortunately, in severe fluorosis 

cases in which the enamel is deeply affected, 

these options will not deliver a satisfying 

result, thus veneers or dental crowns are the 

best option. As a general guideline, 

researchers agree that teeth with more than 

50% of the surface affected should be 
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treated with either veneers or dental crowns 

[33,34]. 

Porcelain laminate veneers are a 

highly predictable treatment option that 

delivers excellent esthetic results with a 

minimal preparation and biocompatibility 

[35]. Although it has many advantages one 

must bear in mind that adhesion to enamel is 

more predictable than adhesion to dentin 

[36]. Furthermore, if the preparation 

margins are placed in dentin this increases 

the likelihood of dental hypersensivity [35]. 

If during dental preparation, after enamel 

removal, there is still some staining 

apparent, this should be bleached by using 

35-40% carbamide peroxide or 25-38% 

hydrogen peroxide. Resin composite veneers 

are a more disadvantageous option due to a 

higher incidence of loss of material, 

periodontal tissues irritation and marginal 

staining [36]. In recent years there have been 

developments in bonding systems and fiber-

reinforced resin composites that could 

improve the esthetic behavior in time and 

prognosis of this therapeutic option [32].  

Another option in severe cases are 

dental crowns, either porcelain or composite 

resin being the more frequent choices. 

Regarding dental preparation, the usual 

principles apply, however certain 

precautions must be taken [37]. In order to 

maximize the clinical result the window type 

of labial enamel preparation should be 

avoided, instead, the incisal bevel in 

preferred [38,39].  

Enamel and dentin bonding can be 

difficult to manage in dental fluorosis cases, 

as fluoroapatite (which is more acid-

resistant) replaced a part of the 

hydroxyapatite in the hypermineralized 

surface layer of enamel, thus etching is more 

difficult. Researchers recommend doubling 

the etch time in fluorosis affected teeth, 

however bond strength may be affected if 

the florosis is severe and even more time is 

necessary for optimum bond strength [40]. 

Maintaining appropriate levels of 

fluoride in water from the public supply, 

avoiding the ingestion of substantial 

quantities of optimally fluoridated water 

with reconstituted infant formulas, placing a 

small amount of fluoride toothpaste onto the 

toothbrush and supervising tooth brushing of 

preschool children, as well as not routinely 

prescribing fluoride supplements for 

children at low risk of developing caries, 

those living in fluoridated areas and those 

below age 3 years (regardless of the status of 

community fluoridation) are the main 

measures recommended to reduce the total 

fluoride intake of young children during the 

period of greatest risk for developing dental 

fluorosis [41]. Unfortunately, parents are 

insufficiently educated about possible risks 

of increased fluoride intake thus more 

emphasis should be placed on education and 

raising their awareness. 
 

Conclusions: 

For a responsible management, it is 

essential to inform about possible sources of 

fluoride and their dosages and also to point 

out the possibility of the formation of a 

dental fluorosis when the maximum fluoride 

intake is exceeded until the age of eight. 

Besides adequate counseling regarding 

fluoride intake that should be provided to 

parents, a thorough fluoride anamnesis must 

also be performed to each individual in 

order to achieve a controlled fluoride intake. 

Several treatment options are 

available corresponding to the severity of 

the disease, from minimally invasive in the 

more mild cases, to more extensive 

prosthetic dental work for severe clinical 

situations in which the enamel is markedly 

affected.  
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