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I. INTRODUCTION 

Studies carried out in the last decades have revealed, for 

different age groups, a decrease in the prevalence of oral 

diseases in Brazil. This is mainly due to technological 

advances and innovation in the field of dentistry, as well as 

due to the increased demand for dental treatments [1] and 

the development of public health policies promoted by the 

municipalities [2]. Regarding dental caries, in developed and 

developing countries, as is the case in Brazil, the reduction 

of this disease in recent decades is due, in large part, to the 

wide use of fluoridated toothpaste [3]. However, the socio-

economic condition is a persistent factor and is responsible 

for the maintenance of oral problems, which can result in 

tooth loss [4]. In this sense, it is noticed that some factors, 

including income, housing, food, education, among others, 

have a significant influence on the population's oral health 

pattern [5]. 

The lack of access to dental services is also considered 

one of the determining factors when considering the 

prevalence of oral conditions (e.g., dental caries and 

periodontal disease). As a consequence, significant damage 

arises both in the physiological (functional) aspects and in 

the aesthetic and psychosocial issues [6]. Dental caries 

considered the main oral disease that affects the Brazilian 

population, can be characterized as a multifactorial and 

complex disease, in which several environmental and 

behavioral characteristics interact [7]. In biochemical terms, 

tooth decay is the result of an imbalance between the 

processes of demineralization and remineralization of the 

tooth [8], in which there is a mineral loss at the interface 

between the tooth and the dental biofilm. The evolution of 

this disease, if it is not paralyzed, will result in the 

progression of tissue destruction of the dental element [9], 

which may result, in extreme cases, in tooth loss. 

In this sense, in order to combat the dynamic and complex 

disease of dental breakdown, fluoride-containing products 

are used worldwide. This is considered the agent responsible 

for the prevention of said oral disease, as well as for the 

treatment of it in its early stages [10], [11]. Fluoride 

provides greater resistance to the enamel surface through its 

continuous presence in the oral environment, acting 

topically (locally), interfering with the demineralization and 

remineralization processes that occur regularly in dental 

elements. Therefore, the beneficial effects of fluoride are 

due to its frequent presence in the oral cavity, in small 

amounts, throughout the individual's life [12]. 

In order to provide the presence of fluoride in the oral 

environment, different means of using fluoride are used, 

among which are mentioned mainly: individual means that 

include fluoridated toothpaste, fluoridated solutions for daily 

rinsing (sodium fluoride solution NaF a 0.05%), and 

fluoride medications; professional means that cover 

products for professional application such as fluorinated gels 

and varnishes; and collective means that include fluoridated 

solutions for weekly mouthwash (0.2% NaF sodium fluoride 

solution) and fluoridated water supply [13], [14]. The 

fluoridation of public water supply is pointed out in several 

studies as the best collective method of exposure to fluoride, 

resulting mainly from its high effectiveness, low cost, and 

high frequency of consumption [10], [15], [12]. 
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In addition, in order to prevent tooth decay, fluoridated 

water is considered the most significant method of using 

fluoride in public health, as it is extremely safe and 

comprehensive, benefiting a large part of the population that 

uses it [12]. In communities with continuous exposure to 

fluoridated water, for example, and with adequate fluoride 

levels, there is an expectation of a reduction in the 

prevalence of dental caries by 50 to 65% [16], thus 

evidencing its proven anti-caries effect and its public 

relevance. Therefore, the objective of this research is to 

carry out a literature review addressing from conceptual and 

epidemiological aspects associated with dental caries 

disease in Northern Brazil to the fluoride anti-caries 

mechanism of action and the coverage of public water 

supply fluoridation in that region, without intending to 

exhaust these matters. 

 

II. MATERIALS AND METHODS 

The present study consists of a bibliographic search in 

which a specialized literature survey was carried out in the 

following databases: SciELO, PubMed, Virtual Health 

Library (VHL) and Google Scholar. Official documents 

from the Ministry of Health were also consulted, as well as 

Brazilian regulations regarding the fluoridation of public 

water supply. For this search, the following descriptors were 

used, in Portuguese and English: fluoride, fluoridation, 

dental caries, and epidemiology. 

This study excluded articles that were not related to the 

topic addressed or that did not match the previously 

mentioned descriptors. Therefore, data sources between the 

periods from 1983 to 2019 were included in the present 

study. 

In this research, it was proposed to discuss two topics that 

were addressed separately: “dental caries”, “fluorine” and 

“fluoridation of public water supply”. For each of these 

sections, studies were included that would allow discussion 

about the etiology / epidemiology of caries disease, as well 

as the fluoridated water coverage, especially in the Northern 

region of the country. 

 

III. RESULTS AND DISCUSSION 

A. Dental Caries – Etiology 

Dental caries is a chronic and multifactorial disease, 

whose lesions, in most cases, progress slowly. This disease 

initially manifests itself through an active white ax – 

reversible stage – until an advanced stage characterized by 

destruction of the dental structure, mainly in the absence of 

adequate treatment [8]. It is strongly influenced by the 

contemporary human diet, resulting from changes in eating 

habits since primitive times. As a consequence of this 

change in the eating pattern, a physical-chemical imbalance 

was triggered by nature itself, with the consequent 

demineralization and remineralization developed in the oral 

environment, which resulted, in turn, in the occurrence of 

lesions in the tooth structure [17]. 

Several studies have shown the importance of etiological 

factors in the development of diseases, however, that many 

of these factors are understood only considered as key 

factors in the emergence of health diseases [17]-[19]. 

Among the etiological aspects of dental caries disease, the 

necessary factors for the emergence of caries (dental 

biofilm), the determinants (exposure to sugar), and 

modulators (biological and social) can be cited [20]. In view 

of this, because dental caries is a very complex and 

behavioral disease easily influenced by modifying factors, 

several studies show the complexity of explaining the 

occurrence of this disease in the population [17]. 

The saliva considered an intrinsic factor that has the 

ability to neutralize the acids produced in the oral 

environment, resulting from the action of bicarbonate and 

phosphate ions. In addition to this neutralization function, it 

works by promoting cleaning, lubrication and also having 

antibacterial action, inhibiting the enzymatic complex (such 

as histatin) that promotes the reduction of the metabolic 

activity of bacteria [17], [21], [22]. There are relationships 

between dental biofilm and the multiple biological factors 

that interfere in the process of developing caries lesions 

[21]. Certain characteristics, such as the production of acids 

(resulting from the fermentation of carbohydrates present in 

the oral environment) and the ability of acidogenic bacteria 

to adhere to dental structures are important factors in the 

appearance of carious lesions, but they are not the only 

factors that contribute to the development of the referred 

disease [17]. 

The diet, for example, contributes significantly to the 

emergence of dental caries disease, since it is on the 

cariogenic substrate (diet) that the activity of 

microorganisms occurs, since they need to carry out energy 

metabolism, thus enabling their own survival [22]. The time 

factor has a very significant and strong correlation, which 

can be explained by the fact that the process of formation 

and development of dental caries is something continuous 

and that requires a certain period of time to result in a 

mineral loss (demineralization) of the dental elements [18]. 

In this context, the factors that modulate the disease include 

social, economic, cultural, psychological, behavioral factors, 

as well as access to health services [20]. Thus, 

socioeconomic differences, education level, income, way of 

life, and access to health and leisure, are strongly associated 

with the health standards of the populations. High 

socioeconomic status has, in most cases, a better oral health 

condition when compared to low-income people, thus 

having a strong correlation between social class and the 

presence of dental caries [23]. 

As a consequence of the influence of modulating factors 

on the prevalence of caries, it is proven that age, sex, and 

family patterns are factors that can, for example, directly 

influence the CPO-D index (decayed, lost, and filled teeth 

index) and ceo-d (decayed, exfoliated and filled primary 

teeth index) [23]. The prevalence of dental caries in children 

from public schools was higher when compared to children 

from private schools, as well as the CPO-D / ceo-d indexes, 

with the type of school being a sensitive variable to 

discriminate between different oral health conditions [24]. 

In this context, when considering the social determinants of 

health, it is essential to verify the context to which the 

populations are exposed. Above all, the development of 

public policies and health actions directed at society should 

be considered, with efforts being directed mainly to people 



 REVIEW ARTICLE 

European Journal of Dental and Oral Health       
www.ejdent.org 

 

 

                                                              
DOI: http://dx.doi.org/10.24018/ejdent.2021.2.5.92                                                                                                                                                      Vol 2 | Issue 5 | September 2021 3 

 

in conditions of vulnerability [25]. 

B. Dental Caries – Epidemiology in the North of the 

Country and its national comparison 

Several studies have shown a reduction in the prevalence 

of dental caries disease, expressed by the values of the ceo-

d/CPO-D indexes over the period between 1986 and 2010. 

Among the factors responsible for the referred decline are 

increased access to fluoridated water, the increasingly 

constant use of fluoridated toothpaste, and preventive 

actions to promote oral health carried out by local programs 

[2], [26], [27]. Historical surveys pointed to a 70% reduction 

in the CPO-D index for children aged 12 years, from 1986 

to 2010, dropping from 6.7 to 2.1 teeth with caries 

experience. In the same period, it is also noted, for the same 

age group, that the prevalence of children with decayed 

teeth dropped from 96% to 56%. In the evaluation of dental 

caries in adolescents and adults, there was a reduction of the 

CPO-D index of more than 67% in the age group of 15 to 19 

years, between the period from 1986 to 2010. When 

considering the “decayed” component, in this studied 

period, the reduction reaches almost 66%. It is inferred that, 

in addition to having a lower prevalence and severity of 

dental caries in adolescents, it is being treated in a more 

conservative manner. On the other hand, between 1986 and 

2010, in the age group of 35 to 44 years, the reduction was 

26%. For “filled” teeth, which made up 16% of the index in 

1986, it rose to 44% in 2010, just as the “lost” component 

went from 66% in 1996 to 45% in 2010. It is suggested that, 

in addition to having a lower prevalence of caries in adults, 

these are being treated more adequately [28].  

About the epidemiological picture pointed out by the 

National Survey of Oral Health – SB Brazil Project 2010 - 

46.6% of the Brazilian population aged 5 years is free of 

caries [16]. In these results, similar values are presented 

among populations of 12 years, which show a proportion of 

43.5% of children free of caries. In the age groups 15 to 19, 

35 to 44, and 65 to 74 years old, the percentages were, 

respectively, 23.9%, 0.9%, and 0.2%. So too, when 

assessing the oral health conditions of the population, Brazil 

is characterized by intense regional diversity. In this sense, 

the South and Southeast regions stand out for having better 

patterns in the distribution of the prevalence of dental caries 

in certain age groups. In contrast, in comparison to other 

regions of the country, the North region shows the worst 

prevalence in the records of ceo-d and CPO-D for the ages 

of 5 years, 12 years, and 15 to 19 years. When considering 

the national percentages, it is clear that individuals aged 5 

years, 12 years, and 15 to 19 years, with ceo / CPO equal to 

zero, have the following percentages, respectively: 46.6%; 

43.5%, and 23.9%. In turn, the North of the Country reveals, 

for the same previous age groups (in the same sequence) the 

following values of caries-free individuals: 33.9%, 28%, and 

12.1%. 

Furthermore, when evaluating the data from the SB Brasil 

2010 survey involving the interior cities of the North region 

of the country and its comparison with the interior cities of 

the other regions of Brazil, the percentages show that not 

only the large urban centers (capitals) of the North Region 

present the worst indexes in comparison to other capitals of 

the country, just as this is a noticeable reality in the interior 

cities of the North region when compared to the interiors of 

the other regions of the country. Thus, the ceo-d / CPO-D 

index, in the ages of 5 years, 12 years, and in the age group 

between 15 to 19 years, present significant results that show 

the high experience of dental caries in the North region, 

when compared to the other regions of Brazil [16]. From 

these results, it can be seen that the performance of the 

North region, in relation to the experience of dental caries, 

is, for the most part, below the values observed for other 

regions of the country. Among the explanatory factors for 

the preferred health disparities, oral health can be cited as 

the socio-economic level of the population of that locality, 

characterized by high rates of poverty and poor 

socioeconomic indicators. In addition, disparities in relation 

to dental caries in Northern Brazil are strongly associated 

with the scarcity of public investment in a comprehensive 

method of using fluorine, which is the fluoridation of public 

water supply [2]. Furthermore, in the North of the country, 

for example, there are few municipalities that have a public 

supply network with fluoridated water. Although there are 

studies that prove the reduction in the prevalence of dental 

caries when fluoride the water of public supply, this is still a 

distant reality for the North of Brazil [12]. 

C. Fluorine and Its Anti-caries Mechanism of Action 

The important effect of fluoride in preventing cariogenic 

injuries was discovered at the beginning of the last century. 

In this sense, his mechanism of action, regardless of the 

means of use, is always the same, that is, it is topical (local). 

Therefore, the fluoride ion must be present in the oral 

cavity, interfering in the processes of demineralization and 

dental remineralization, in which the liquid mineral loss is 

reduced since part of the lost minerals is answered again in 

the dental structure [29], [14]. In the past, it was believed 

that fluoride incorporated into the mineral structure of teeth 

would enable less dental solubility, even increasing 

resistance to bacterial acids [14]. However, there is currently 

a consensus in the literature that the predominant effect of 

fluoride is not systemic, altering the structure of enamel and 

dentin. It must be present continuously in the oral 

environment, where sugar is exposed and where fluoride 

interferes with its anti-caries mechanism [29]. Therefore, 

although fluoride can interfere in the development processes 

of caries lesions, it is not able to prevent the development of 

these lesions, as it cannot prevent the formation of dental 

biofilm on the dental surface [30]. 

Therefore, in the place where fluoride is most needed, that 

is, at the interface between tooth and biofilm, the presence 

of this ion reduces demineralization and activates dental 

remineralization, thus fulfilling its anti-caries effect. In this 

context, faced with the production of acids (with a 

consequent drop in pH), the tooth ends up suffering 

demineralization of its enamel. However, if there is a 

fluoride ion in the oral cavity – with a pH greater than 4.5 – 

at the same time that the hydroxyapatite dissolves, 

fluorapatite is formed. However, this mineral is about 

10,000 times less soluble than hydroxyapatite. As a 

consequence, the net result of this process is a reduction in 

the dissolution of enamel and dentin. Thus, the indirect 

effect of reducing enamel and dentin demineralization when 

the pH drops is, on the other hand, offset by the effect on 
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remineralization when the pH increases. For this reason, the 

use of fluoridated toothpaste and the fluoridation of public 

water supply – individual and collective means of fluoride 

use, respectively – constitute the main means that increase 

the concentration of fluoride ions in the oral cavity, resulting 

from regular exposure to low concentrations of it [30]. 

Fluoride dentifrice is considered the most rational way to 

use fluoride, as it associates the disorganization of dental 

biofilm with exposure of the oral cavity to this ion. On the 

other hand, fluoridated drinking water is a universal means 

of using fluorine that benefits individuals who ingest it 

directly or those who consume it indirectly through, for 

example, food prepared with it. Remembering that 

fluoridated water only benefits people who are ingesting it 

continuously [14]. 

In the last decade of the 20th century and the first decade 

of the 21st century, important oral health interventions were 

implemented and expanded throughout Brazil. Among them, 

the following stand out: addition, from 1988, of fluoride 

compounds to a toothpaste marketed in the country; 

fluoridated public water supply; dental care in the public 

health system; and decentralization of the Brazilian health 

system, expanding population preventive strategies [31]. 

Several studies have shown that the first two factors 

(fluoridated toothpaste and fluoridated water) are considered 

to be the main responsible for the decline of dental caries 

disease in Brazil [32], [33]. Despite this beneficial 

characteristic of fluoride, this ion can bring side effects to 

the human body, depending on the absorbed dose and the 

type of exposure. Thus, the classification appears in the 

acute or chronic intoxication, resulting from systemic effects 

of fluoride. Acute toxicity is characterized by an excessive 

intake of a high amount of fluorine, in a single dose, which 

can trigger milder symptoms (stomach upset and vomiting) 

to death. In turn, chronic intoxication, which is dental 

fluorosis, represents an effect of chronic exposure to 

fluoride during tooth development, characterized by a defect 

in the formation of the enamel whose aesthetic compromise 

depends on the dose-response effect [14], [31]-[33]. 

D. Fluoridation of Public Water Supply – Legal and 

General Aspects 

Public health water fluoridation is considered, in public 

health, an extremely effective means of preventing dental 

caries, as it is safe, low-cost, and affects a large portion of 

the population (in this case, only individuals residing in 

areas that offer this service). collective means of fluoride 

use) [12]. Fluoridated water is, therefore, considered an 

efficient method in promoting oral health in the Brazilian 

population, being one of the factors responsible for the 

decline of dental caries in the country [15], [30], [12], as 

mentioned in the sub-item “fluoride and its anti-caries action 

mechanism”. Given the importance of public water supply 

fluoridation, scientific research has sought to understand the 

political and legal aspects linked to this collective means of 

using fluoride, just as they have investigated general aspects 

associated with this public health benefit, with issues that 

they involve the per capita cost by year of fluoridation per 

inhabitant, the monitoring of fluoride in fluoridated waters, 

the optimal concentration of fluoride in water, among 

others. 

In this sense, Brazilian legislation determines, for 

example, through Federal Law No. 6,050, of May 24, 1974, 

mandatory water fluoridation in locations that have a 

treatment plant. This law is regulated by Federal Decree No. 

76,872, of December 22, 1975, which provides for 

mandatory fluoridation. Thus, for the aforementioned 

decree, it is established that the Ministry of Health is the 

body responsible for the norms and standards for the 

fluoridation of public water supplies throughout the national 

territory. In this sense, and in order to promote regulation in 

all Brazilian municipalities, it sets out mandatory conditions, 

establishes methods of analysis and procedures for the 

fluoridation of public water supply, even in places where 

there are no Water Treatment Plants. Water. However, it 

determines the minimum and maximum permitted fluoride 

ion concentrations and the technical and economic 

feasibility of the measurement, as well as the respective 

dental nosological picture of the population. In turn, 

Ordinance No. 635 of the Ministry of Health, of December 

26, 1975, approves norms and standards on water 

fluoridation, in view of Law No. 6,050 of 1974. In that 

Ordinance, the concentration of the fluoride ion is 

determined to be used – considering the maximum annual 

temperatures by region – as well as the recommended 

compounds, in order to make effective implantation of the 

fluoridation of public water supply [10]. 

Ordinance No. 2,914, of December 12, 2011, issued by 

the Ministry of Health, provides for the control and 

surveillance procedures of the quality of water for human 

consumption, as well as its drinking water standard. In this 

sense, the said Ordinance provides information regarding 

the quality control of fluoridated water, in values acceptable 

for human consumption, whose maximum permitted content 

for the fluoride ion is 1.5 milligrams per liter of water 

(mg/L) [34]. Despite the Federal legislation stating the 

maximum value of 1.5 mg/L of fluoride ion in public water 

supply, there are Brazilian states that limit this value 

through State Decrees. According to the study by Frazão et 

al. [2], taking into account the temperature variable, the 

authors stated that the adequate fluoride content 

recommended for most Brazilian municipalities ranges from 

0.6 to 0.8 mg/L, which is much lower than the current 

federal recommendation. However, the level of fluoride to 

be added to the water must be determined according to the 

average annual temperature in the region. This is due to the 

fact that in countries with temperate climates (with lower 

annual temperatures), the daily water intake is lower than in 

tropical countries, such as Brazil. In that country, whose 

annual temperatures are high, the daily consumption of 

water is consequently increased. 

Therefore, considering the average annual temperature 

defined for tropical climate, the optimal concentration of 0.7 

ppm of fluoride (0.6-0.8 ppmF) was established as being 

ideal for most regions of Brazil [35]. In addition, there are 

studies that prove that the volume of fluoridated water 

ingested by a given population is totally dependent on other 

local peculiarities, in addition to temperature, which 

includes: socioeconomic conditions, access to fluoridated 

products, dietary habits, among others. In this sense, there is 

a technical consensus issued by the Collaborating Center of 

the Ministry of Health, in Oral Health Surveillance, of the 
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Faculty of Public Health of the University of São Paulo, in 

2011, which classifies the fluoride levels of public water 

supply based maximum benefit of caries prevention and 

minimal risk to individuals' health [12]. Thus, recognizing 

that the fluoridation of public water supply is an important 

factor in the decline in the prevalence of dental caries in 

Brazil, therefore, in addition to being maintained, it must be 

monitored, so that the amount of fluoride is kept within the 

standards of security for the health of the population and 

that it plays its anti-caries role. 

E. Fluoridation of Public Water Supply – Coverage of 

Water Fluoridation in the North of the Country 

In Brazil, the optimum levels of fluoride ion in public 

water supply for human consumption, which bring the 

maximum benefit in preventing dental caries and the 

minimum risk to the health of the population, vary between 

0.6 and 0.8 mg/L [15]. Among the main parameters in 

determining water quality, the concentration of fluoride for 

human consumption stands out, as it represents an important 

indicator of protection or risk to oral health. Thus, in a 

national scenario, in a period between 2010 to 2015 and for 

levels of percentage distribution in municipalities with more 

than 50 thousand inhabitants, the South region of Brazil 

stands out with percentages above 70% of its municipalities 

with the supply of fluoridated waters suitable for human 

consumption, with the presence of effective monitoring. On 

the other hand, in the northern region of Brazil, this curve is 

reversed, presenting almost 90% of its municipalities 

without fluoride in the waters available for consumption 

[36]. In this context, there is a higher CPO-D index for the 

northern region of Brazil compared to other regions [16-37]. 

When evaluating only the North region of the country, it is 

noticed that there is a significant number of municipalities 

without the coverage of fluoridation of public water supply 

[38]. Thus, according to the study by Pinheiro et al. [39], 

only twelve have their population covered by fluoridated 

water, namely: Manaus (AM), Cametá (PA), Dom Eliseu 

(PA), Oriximiná (PA), Paragominas (PA), Ariquemes (RO), 

Jaru (RO), Vilhena (RO), Boa Vista (RR), Araguaína (TO), 

Gurupi (TO) and Palmas (TO). 

In general, the water fluoridation coverage characteristic 

is defined by the geographic location of the aforementioned 

locations. In this sense, this collective means of using 

fluoride in these municipalities is justified, due to the 

proximity to urban agglomerations, in which access to basic 

services (for example, health care and the monitoring of 

quality surveillance control agencies water) is facilitated, 

added to the benefits provided by the infrastructure and 

accessibility constraints. Thus, it is also understood why the 

decentralization of the physical structure, mainly of the 

laboratories responsible for monitoring the quality of public 

water supply, for the most populous states - Amazonas and 

Pará [39]. In the same study, the State of Rondônia, with an 

estimated population for 2014 that exceeds one million 

inhabitants, presents only 8.8% of its population with 

fluoridated water. In this scenario, only the municipalities of 

Ariquemes, Jaru and Vilhena have coverage by fluoridated 

water, in a proportion of 67.4%, 33.5% and 1.4% of the 

population, respectively, receiving the referred benefit. In 

turn, the city of Porto Velho, which concentrates most of the 

population of Rondônia (approximately 494 thousand 

inhabitants), does not have fluoridated public water supply. 

 

IV. FINAL CONSIDERATIONS 

Dental caries is a chronic, complex, and multifactorial 

disease. Thus, the necessary factors (dental biofilm), 

determinants (exposure to sugar), and modulators 

(biological and social) are considered, in a comprehensive 

way, the etiological aspects associated with the development 

of caries disease. 

In order to combat this oral disease, reducing its 

prevalence in the population, the following measures can be 

adopted mainly: access to fluoridated water; constant use of 

fluoridated toothpaste; and oral health promotion developed 

by local health programs. 

The North Region, when compared to other regions of 

Brazil, as demonstrated by national epidemiological studies, 

is characterized by a high disparity in oral health. Among 

the factors responsible for these differences, especially in 

relation to dental caries, the following stand out: 

socioeconomic level of the majority of the northern 

population; development of public oral health policies 

developed at the municipal and state levels; and scarcity of 

public investment in a comprehensive method of using 

fluoride, such as fluoridated water. 

Fluoridation of public water supply is considered an 

extremely effective means of preventing dental caries since 

it is a comprehensive method of using fluoride, as it affects 

a large portion of the population that is exposed to this 

benefit. In the Northern Region of Brazil, it is evident that a 

significant number of municipalities do not have coverage 

of their water fluoridation. 
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