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were made 2 months after interruption and 2 months after 
re-fluoridation of the water. Table 1 clearly shows the 
reduction of fluoride concentration in the biofilm when 
exposed to non-fluoridated water and the recovery after 

water was fluoridated again (2). The data were relevant 
because they were shown in the 80’ of the last century 
when whether the anticaries effect of fluoride would be 
systemic or local (“topical”) was in discussion and these 

Figure 1. Illustration of fluoride metabolism from drinking water. Ingested fluoride is absorbed mainly in the stomach (as HF form) and also in 
a lower extent in the intestine (a). The blood (b) is the central compartment from which fluoride (F-) will be distributed throughout the body, 
returning to the oral cavity via salivary glands (c), or being incorporated into hard tissues (d). In a pregnant woman, the fetus can be considered 
a sub-compartment of the maternal organism, and F- is equally distributed to its tissues (e). The F- absorbed and circulating throughout the body 
is excreted in the urine (f), while unabsorbed F (chemically insoluble in the form of insoluble salts, such as calcium fluoride - CaF2) is excreted 
in feces (g).

Figure 2. Fluoride concentration in saliva (µg F/mL) over time due to mastication of food cooked with fluoridated water (0.70 ppm F - green line) 
compared with non-fluoridated water (blue line). Fluoride concentration in saliva was determined before meal ingestion (0), during 15 min at 
meal mastication, and after the mastication period until 60 min.
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results supported the explanation why caries increased 
when water fluoridation in a city was interrupted or when 
children who had always lived in a city with fluoridated 
water moved to another one with non-fluoridated water.

On the other hand, fluoride ingested from water 
and absorbed in the gastrointestinal tract enters the 
bloodstream (Fig. 1), and is distributed throughout the 
body, being able to cause systemic effects, acute or chronic.

Systemic Effects of Fluoride Use
Over these almost 70 years of water fluoridation history, 

the fluoride added to the water has been attributed as the 
cause of several diseases of unknown etiology, as it will be 
addressed in this article in the subtopic “Other effects of 
water fluoridation”. The systemic side effects of fluoride 
ingestion are valid for any fluoride source, either natural 
(e.g. black tea) or the one added to water or dentifrice, 
and are pharmacologically divided into acute and chronic 
toxicity. Acute toxicity occurs when great amounts of 
fluoride are ingested at once, while chronic toxicity occurs 
when small amounts of fluoride are daily ingested during 
a person’s life (6).

Acute Fluoride Toxicity
The fluoride ingested in a chemically soluble form is 

readily absorbed into the gastrointestinal tract (Fig. 1), and 

the first signs and symptoms of the ingestion of excessive 
amounts of fluoride are nausea and vomiting (7). These 
symptoms occur shortly after the ingestion because most 
of the fluoride is absorbed in the stomach with a maximum 
peak blood concentration occurring within 30-45 min after 
oral ingestion (8). Depending on the amount of fluoride 
ingested that is absorbed, it can lead the victim to cardiac 
arrest and death.

Due to the cases of lethal fluoride-related accidents 
that occurred in the past, 5.0 mg of fluoride per kilogram 
of body weight was established as the probably toxic dose 
(PTD) for acute fluoride exposure (9). Thus, the data shown 
in Table 2 confirm that water fluoridation is extremely 
safe considering acute fluoride toxicity, since a 5-6 years 
old child weighing 20 kg would have to ingest 143 liters 
of water at 0.70 ppm F (optimal fluoride concentration 
for the temperatures in Brazil) to be exposed to the PTD 
of 5.0 mg F/kg. On the other hand, lethal accidents have 
already occurred with the ingestion of fluoridated tablets 
by children.

Chronic Fluoride Toxicity
Chronic toxicity refers to the ingestion of small amounts 

of fluoride for an extended period of time and, since fluoride 
has affinity only to mineralized tissues, there is a risk to 
teeth and bones, however there are evident differences 
between them. Therefore, while for the teeth the critical 
period is limited to the child’s age in which the teeth are 
under development (pre-eruptive systemic effect), for the 
bones the risk is perpetuated throughout the person’s life. 
There are also differences in the mechanism of action of 
fluoride in the development of dental and bone (skeletal) 
fluorosis because teeth (enamel) and bone are formed by 
totally different ways.

Dental Fluorosis
Dental fluorosis is the only systemic side effect of 

Table 1. Fluoride concentration (µg F/g = ppm F) in dental biofilm 
of schoolchildren according to conditions of water fluoridation and 
fluoride concentration in public water supply of Piracicaba, SP, 
Brazil, 1986-87.

Condition of water fluoridation
(fluoride concentration)

µg F/g 
(mean ± SD)

Fluoridated (0.8 ppm F) 3.2±1.8 (n=91)

Interrupted (0.06 ppm F) 0.2±0.1 (n=41)

Re-fluoridated (0.7 ppm F) 2.6±1.9 (n=55)

Table 2. Fluoride concentration in fluoridated products, amount of fluoride in 1 mL or 1 g of product and amount of product required to expose 
a 20 kg child (5-6 years old) to the probably toxic dose (PTD) of 5.0 mg F/kg

Product
Fluoride (F) 

concentration (ppm F)
Amount of F in 

1 mL or 1 g
Amount of product required for a 5-6 years 
old child (20 kg) to be exposed to the PTD

Fluoride Varnish (5% NaF) 22,000 22 mg/g 4.5 g

Acidulated phosphate fluoride gel (1.23% F) 12,300 12.3 mg/g 8.1 g

Mouthrinse for weekly use (0.2% NaF) 900 0.9 mg/mL 111 mL

Dentifrice (0.11% F) 1,100 1.1 mg/g 90 g (1 tube)

Mouthrinse for daily use (0.05% NaF) 225 0.225 mg/mL 444 mL

Fluoride supplement (2.21 mg of NaF) 1.0 mg F/tablet 100 tablets

Optimally fluoridated water 0.7 0.0007 mg/mL 143 liters
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fluoridated water ingestion at optimal concentration (0.7 
ppm F in Brazil) (10). The knowledge about the mechanism 
of development of fluorosis is important to understand 
the risk period of its occurrence and the clinical relevance 
for the surveillance rules that regulate the reason for this 
optimal concentration.

Mechanism of Dental Fluorosis Development
Dental fluorosis affects the tooth under development 

and once all teeth have been formed, which occurs up 
to 7 years of age, there will be no longer concern about 
dental problems related to the chronic systemic effect of 
water fluoridation.

The effect of fluoride on the development of dental 
enamel (amelogenesis) is not cellular based, since fluoride 
affects the extracellular process of enamel mineralization 
(2). Enamel development occurs in synchronized stages. 
First, the ameloblast synthesizes and secretes out of the 
cells specific proteins that form the enamel matrix. The 
matrix, which has a 25% protein content, then undergoes 
the mineralization process. During the mineralization, 

the protein matrix is resorbed and replaced by calcium 
and phosphate-based minerals (apatite), leading to the 
formation of a highly mineralized structure, which contains 
95% minerals, 4% water and 1% organic matter.

The resorption (degradation) of enamel matrix proteins, 
which is made by proteolytic enzymes produced and 
secreted into the extracellular space by the ameloblasts, is 
inhibited by fluoride. As the protein degradation is reduced, 
a less mineralized enamel is formed, with more space 
between the enamel apatite crystals. The consequence is a 
more porous enamel that can be clinically seen as opacities 
of different degrees of alteration, which may compromise 
the dental aesthetics and quality of life of affected people.

Since fluorosis is a chronic systemic effect of the fluoride 
circulating in the body, the change induced in enamel 
should be a function of the daily dose of fluoride that the 
child is exposed during tooth formation, i.e. the amount 
ingested according to the child’s weight (mg F/kg). However, 
as fluorosis is a chronic disease, the duration of fluoride 
exposure during the amelogenesis is more important (11) 
than sporadic dose peaks (discussed in the following topic). 

Figure 3. Clinical aspect of the different levels of dental fluorosis. A) very mild (small whitish and opaque spots scattered irregularly on the teeth, 
involving no more than 25% of the surfaces); B) mild (the opacity is more extensive, but does not involve more than 50% of the surfaces); C) 
moderate (more evident white areas, affecting most of the crown); and D) severe (intense and generalized hypomineralization, with occasional 
loss of dental structure). Data from children exposed to well water containing 1.4 ppm F, Assistência district, Rio Claro city, SP, Brazil. Pictures 
kindly donated by Dr Aliete A. Otta-Rui.
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This knowledge is essential to the discussion of the risk of 
fluorosis when different methods of fluoride are used, as 
well as the surveillance of the current parameters of values 
for fluoride concentration in water (12).

Dental fluorosis is a chronic disease that alters the 
mineral part of the enamel and is classified according to 
its severity. According to WHO, fluorosis is classified as very 
mild, mild, moderate and severe, and Figure 3 illustrates 
these different levels of fluorosis. While very mild and mild 
fluorosis does not affect a person’s quality of life, the same 
is not true for moderate and severe fluorosis cases (13).

Studies conducted on population of Australia and the 
United States exposed to optimally fluoridated water show 
that dental caries affects a person’s quality of life more 
than fluorosis (14,15). Thus, the caries-reducing benefits 
outweigh the risk of dental fluorosis due to water fluoride 
ingestion. This is a consequence of the fact that the most 
prevalent level of fluorosis found in these countries is very 
mild and the same pattern occurs in Brazil (Fig. 4).

Therefore, water fluoridation at the optimal 
concentration of 0.7 ppm is safe regarding the severity of 

the resulting fluorosis. When the fluoride concentration 
in water is two times higher than the optimal (1.4 ppm 
F), there is an increased prevalence of moderate and 
severe fluorosis, as shown in Table 3. This table shows the 
prevalence of fluorosis in teeth of children exposed to 
well water containing natural fluoride at a concentration 
of 1.4 ppm F (School C) compared to children in the same 
city exposed to non-fluoridated water (Schools A and B).

Thus, 1.5 ppm F is considered the maximum value of 
natural fluoride concentration allowed in public water 
supply in Brazil, because the severity of fluorosis reaches 
levels that could compromise dental aesthetics (Fig. 5), and 
therefore people’s quality of life.

Risk Dose for Dental Fluorosis
While there is evidence that the dose of 5.0 mg F/kg of 

body weight is a useful parameter for estimating the risk for 
accidents with fluoride ingestion considering acute fluoride 
toxicity, the same is not true for the relationship between 
dose and dental fluorosis. The dose of 0.05 - 0.07 mg F/day/
kg body weight has been currently considered as an upper 

limit of fluoride ingestion considering 
the balance between the benefit of caries 
reduction and the resulting risk of fluorosis. 
Dozens of papers have been published 
about the dose that children are submitted 
considering fluoride intake from water 
and dentifrice, but most are limited on 
the amount of fluoride ingested and how 
much it exceeds the limit of 0.05 - 0.07 mg 
F/day/kg. Moreover, comparisons are made 
regarding the percentage contribution 
of each fluoride source to the total 
ingestion dose, but unfortunately not 
correlating with the outcome of fluorosis 
(17). Indeed, only two longitudinal studies 

have evaluated the relationship between dose of fluoride 
ingestion and resulting fluorosis (18,19).

Figure 4. Prevalence of dental fluorosis in Brazil, according to SB 2010 
(Brazilian Ministry of Health, 2010 national oral health survey) (16).

Figure 5. Child presenting severe fluorosis due to exposure to well 
water containing 1.4 ppm F. 

Table 3. Prevalence of dental fluorosis in schoolchildren from Três Lagoas, MS, Brazil, 
exposed to non-fluoridated water (Schools A and B) and exposed to well water containing 
1.4 ppm F (School C). 

Schools and 
Fluoride 
concentration in 
water (ppm F)

Prevalence of normal teeth and with 
different levels of fluorosis (%)

  Levels of Fluorosis

Normal Questionable Very mild Mild Moderate Severe

A (0.0) 87.9 9.4 2.7 0.0 0.0 0.0

B (0.0) 91.0 5.8 2.6 0.6 0.0 0.0

C (1.4 ppm) 33.8 23.6 24.0 11.8 4.2 2.5
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On the other hand, there is a linear relationship between 
fluoride concentration in water and dental fluorosis (22). 
However, as already discussed in this article, since fluorosis 
is a chronic disease, the period of fluoride exposure during 
teeth development is more important than larger doses for 
short periods of time. Evidence for that was shown in a 
study that evaluated the prevalence of dental fluorosis in 
children from two different cities in São Paulo State (23). 
Both cities were participating of an external program of 
quality of fluoride concentration in water, whose analysis 
showed that while in one of the cities there was regularity of 
fluoride concentration within the optimum range from 0.6 
to 0.8 ppm F, in the other one sporadic values up to 1.4 ppm F 
were found. However, the prevalence of fluorosis in children 
from the city with homogeneous fluoride concentration in 
water was two times higher than that found in the other 
city. Although the prevalence was higher, the severity of 
fluorosis did not affect the children’s satisfaction with 
their teeth. The relevance of the period that the oscillating 
chronic dose for fluorosis development lasts was further 
experimentally confirmed (23).  

Therefore, the knowledge that fluorosis depends more 
on the period of exposure to a certain fluoride dose than 
high dose peaks should cause concern to the current 
surveillance parameters for fluoride concentration in 
water. According to the Brazilian Ordinance 635 (24), 
the fluoride concentration in water supply must be kept 
adjusted between a minimum of 0.6 and a maximum of 
0.8 ppm F. This ordinance does not consider that both 
caries and fluorosis are chronic diseases and thus the 
anti-caries benefit will not be lost and the risk of fluorosis 
will not be increased if the concentration is below 0.6 
or above 0.8 ppm F, respectively, for a short period of 
time. Therefore, this knowledge supports a consensus 
recommendation for the evaluation and interpretation 
of fluoride concentration in water that considers the 
benefits and risks of certain fluoride concentration ranges 
in water, than the current dichotomous ordinance (25). 

In Brazil, the relationship between the fluoride dose 
to which 2-3 years old children were exposed by the 
ingestion of fluoridated water (liquids and solid foods) 
and fluoride dentifrice (Table 4) (20), and the resulting 
fluorosis on permanent incisors of these children when 
they were 7-8 years old was evaluated (18). At the age 
that the permanent incisors were under development, 
the children were exposed to a total dose of 0.09 mg F/
kg/day, 30% higher than the upper limit value considered 
for clinically acceptable fluorosis risk (Table 4). Twenty-
nine children (59%) had fluorosis, but 20 children (41%) 
showed no clinically detectable fluorosis. Of those who 
had fluorosis, 90% of them had very mild fluorosis, which 
does not compromise people’s quality life as discussed 
earlier in this article.

This data is consistent with the SB 2010 fluorosis 
data from the national oral health survey conducted in 
Brazil (Fig. 4) (16), which showed that the most prevalent 
fluorosis score was very mild (11%). The non-linear 
relationship between dose and fluorosis can be explained 
by the fact that not all ingested fluoride is absorbed in 
gastrointestinal tract and causes a systemic effect (21). 
Another explanation, particularly related to dentifrice, 
is the overestimation of the ingestion dose based on the 
mother’s information of the daily frequency that the child 
brushes the teeth.

The other prospective work on the relationship 
between the ingestion dose and resulting fluorosis 
was conducted in USA and was based on the estimate 
of total fluoride ingestion from water, dentifrice and 
supplements, as well as other food and juices prepared 
with or containing water (19). The authors justified the 
relevance of the study considering that although the 
‘optimal’ fluoride ingestion between 0.05 and 0.07 (mg F/
kg) has been accepted for decades, it is based on limited 
scientific evidence and the authors concluded that: “Given 
the overlap among caries/fluorosis groups in mean fluoride 
intake and extreme variability in individual fluoride 
intakes, firmly recommending an “optimal” fluoride intake 
is problematic”.

Table 5. Chronology of campaigns against water fluoridation and 
allegations used (modified from Newbrun, 1996).

Year Allegations

1950 Communist plan

1960 Toxic waste, polluting 

1970 Government conspiracy

1980
Industrial interests, cancer in humans,

Aging, Alzheimer’s disease

1990 AIDS, bone fracture, birth rate

2000-present Decreased IQ, hypothyroidism

Table 4. Dose of fluoride ingestion (mg F/kg/day) by children (20-30 
months old) from Piracicaba, SP, Brazil (n = 39) and Ibiá, MG, Brazil 
(n = 32) due to the ingestion of fluoridated water (diet of liquids and 
solids) and fluoride dentifrice.

City location
mg F/kg body weight/day 

Diet Dentifrice Diet + Dentifrice

Piracicaba, SP, 
(kindergarten)

0.04 0.052 0.092

Ibiá, MG, (home) 0.027 0.061 0.088
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harsh contestations, and the reasons for that have changed 
from decades to decades and from one century to another 
(Table 5). It was already alleged to be a communist plan 
developed by the Russians after World War II to reduce 
American intelligence, and thus, the former Soviet Union 
could rule the world. This political allegation of the last 
century, in the form of “conspiracy theory,” has now been 
fomented by the allegation that fluoride is a neurotoxin 
that affects the IQ of people exposed to fluoridated water. 

These and other allegations, such as fluoride causing 
hypothyroidism, are based in transversal studies of 
associations and not cause-effect, which have been 
scientifically contested with elegance (28-31). Thus, 
the adjustment of fluoride concentration during water 
treatment is still recommended by WHO, because the only 
systemic side effect associated with optimally fluoridated 
water ingestion is dental fluorosis, which does not 
compromise the quality of life of affected people.

Conclusions
1. Fluoride absorbed by the body and circulating in 

the blood has the potential to manifest side effects, either 
acute or chronic.

2. Acute effect of fluoride exposure can cause problems 
from gastro-intestinal to death.

3. Fluoride, from any method of chronic and daily use, 
ingested and absorbed during the teeth development is a 
risk factor for dental fluorosis (chronic systemic effect).

4. Excluding dental fluorosis, there is no evidence that 
fluoride in water at optimal concentration causes any other 
systemic effects on humans.

5. Dental fluorosis resulting from the exposure to 
fluoridated water at optimal concentration is very mild 
to mild level, which does not compromise the quality of 
life of people affected.

Resumo
Desde 1950, os benefícios e riscos do uso da água fluoretada têm 
sido debatidos mundialmente. No passado, foi considerado que o 
fluoreto ingerido sistemicamente exerceria seu efeito preventivo de 
cárie pela sua incorporação ao esmalte como fluorapatita, tornando o 
esmalte mais resistente ao processo de desenvolvimento de lesões de 
cárie; entretanto, é atualmente reconhecido que o principal efeito da 
fluoretação da água é local e pós-eruptivo. Por outro lado, independente 
do declínio de cárie que tem sido observado mundialmente, o benefício 
anticárie da fluoretação da água continua sendo observado mesmo 
em países desenvolvidos. Com relação aos riscos, fluoretação da água 
é considerada uma estratégia aceitável de saúde pública para uso de 
fluoreto, porque o risco de desenvolvimento de fluorose dental devido 
à ingestão de fluoreto durante o período de formação do esmalte foi 
considerado aceitável quando comparado aos benefícios anticárie 
do flúor. Entretanto, o uso de fluoreto na água para controlar cárie 
tem gerado controvérsias devido a dados de pesquisa que associam 
fluoretação da água como causa de algumas doenças sistêmicas. Assim, 
o objetivo dessa revisão descritiva foi discutir os efeitos sistêmicos 
(riscos) da fluoretação da água..

Bone Fluorosis (Skeletal)
The differences between dental and bone fluorosis begin 

with the fact that the processes by which enamel and bone 
undergo mineralization (calcification) are totally distinct. 
Therefore, it is not surprising that the type of change 
caused by the systemic effect of the fluoride ingested 
and the effect of the fluoride concentration in the water 
used are different.

Both tooth enamel and bone formation are mediated 
by cells, ameloblast and osteoblast, respectively. While 
ameloblast has only one chance to make a defect-free 
enamel, because it has a programmed life, osteoblast works 
its entire life. Both begin the process of enamel and bone 
formation by synthesizing and secreting a protein matrix 
that is deposited in the extracellular space. In addition to the 
protein composition of the matrices being totally different, 
their mineralization process is also distinct. While enamel 
mineralization is preceded by the resorption of matrix 
proteins, the collagen matrix of bone is mineralized without 
resorption. In enamel, the fluoride circulating in the body 
and present in the extracellular matrix fluids inhibits the 
resorption of proteins, forming a hypomineralized mineral 
tissue, and in bone, the tissue becomes hypermineralized due 
to different effect mechanisms. Therefore, while the enamel 
under development is sensitive to low concentrations of 
fluoride by water exposure (less than 1.0 ppm F) in a short 
period, bone changes are only caused by 5 to 10-fold higher 
concentrations and prolonged exposure to fluoride.

Accordingly, it is known that fluoride in water at a 
concentration of approximately 1.0 ppm F does not affect 
bone strength, bone mineral density and the prevalence 
of bone fractures (10). These results have recently been 
confirmed both in the United States, where there is a water 
fluoridation program, and in Sweden, where fluoride is 
not added to the water treatment, but is naturally found 
in the drinking water. Thus, the bone density of children 
from the United States exposed to fluoride from birth to 
15 years old was determined and no significant correlation 
was found between fluoride ingestion dose and bone 
densitometry determined by DXA (26). In Sweden, a study 
was conducted with 473,277 people exposed to water 
containing natural fluoride at concentrations of 0.3 to 
1.5 ppm F and no association was found between chronic 
long-term fluoride exposure and pelvic fracture (27). These 
results from US and Sweden cohort studies prove the safety 
of water fluoridation at optimal concentration in terms of 
risk of skeletal fluorosis.

Other Effects Alleged To Water 
Fluoridation

Since 1950, when the aggregation of fluoride to public 
water was implemented in the United States, it has suffered 
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