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ABSTRACT

Objective. The objective of this study was to describe the prevalence of dental fluorosis
(DF) in 12-year-old schoolchildren from Curitiba, Brazil, in the years of 2006 and 2016.
Methods. Participants were randomly selected from municipal, state and private schools.
Schoolchildren were randomly chosen from within the Health Districts (HD), and thus a
total of 679 and 934 participated in the years of 2006 and 2016 respectively. They were
examined and their DF was classified according to the modified Dean index. The data
were analyzed to determine distribution and the Chi-square test was used to search for
associations between the outcome (DF) and the dependent variables (gender and HD),
using SPSS, version 21.0.

Results. There was an overall decrease in DF cases from 27.7% to 17.0 % (OR = 1.83;
95% CI: 1.44 - 2.33) in the period analyzed. There was an increase in cases of moderate
DF from 16.5% in 2006 to 20.5% in 2016 however, without statistical significance (OR
= 0.76; 95% CI: 0.44 - 1.31). When the variables gender and HD were included in the
bivariate analysis, they presented no significant association with the outcome (p> 0.05).

Conclusions. The decrease in the prevalence of DF was significant in the period, although
the values remained high, and that the dependent variables were not significantly
associated with the outcome.

Key words: epidemiology, dental fluorosis, prevalence study.

RESUMO

Obijetivo. O objetivo deste estudo foi descrever a prevaléncia da fluorose dentaria (DF)
em criancas de 12 anos de idade em idade escolar de Curitiba, Brasil, nos anos de 2006 e
2016.

Métodos. Os participantes foram selecionados aleatoriamente de escolas municipais,
estaduais e particulares. As criangas em idade escolar foram escolhidas aleatoriamente
dentro dos Distritos de Saude (HD), e assim um total de 679 e 934 participaram nos anos
de 2006 e 2016, respectivamente. Eles foram examinados e seu DF foi classificado de
acordo com o indice Dean modificado. Os dados foram analisados para determinar a
distribuicéo e o teste Qui-quadrado foi usado para procurar associagoes entre o resultado
(DF) e as variaveis dependentes (sexo e HD), usando o SPSS, verséo 21.0.

Brazilian Journal of Health Review, Curitiba, v.4, n.1, p.203-216 Jan/Feb. 2021



Brazilian Journal of Health Review
ISSN: 2525-8761

205

Resultados. Houve uma diminuicdo geral nos casos DF de 27,7% para 17,0 % (OR =
1,83; 95% ClI: 1,44 - 2,33) no periodo analisado. Houve um aumento nos casos de DF
moderado de 16,5% em 2006 para 20,5% em 2016, porém sem significancia estatistica
(OR =0,76; 95% CI: 0,44 - 1,31). Quando as variaveis sexo e HD foram incluidas na
analise bivariada, elas ndo apresentaram associacao significativa com o resultado (p>
0,05).

ConclusGes. A diminuicdo da prevaléncia do DF foi significativa no periodo, embora os
valores tenham permanecido altos, e que as variaveis dependentes ndo foram associadas
significativamente com o resultado.

Palavras-chave: epidemiologia, fluorose dentaria, estudo de prevaléncia.

1 INTRODUCTION

The use of fluoride in the prevention of dental caries has had a large positive
impact on the oral health of populations. In fact, the fluoridation of public water supplies,
in particular, is an important public health measures and has been recommended by
international health organizations (1). In areas where water fluoridation was proposed,
the issue of caries decreased substantially (2). Consistent reviews have pointed to water
fluoridation’s safe and beneficial effects for individuals (3). Furthermore, dental expenses
are lower in communities with fluoridated water (4).

However, the issue is still controversial in the literature (5). Some authors dispute
that the control of dental caries was not directly associated with water fluoridation, while
the risk of dental fluorosis is high (DF) (6). In Brazil, legislation sets a limit of 0.6 to 1.7
parts per million (ppm) of fluoride in drinking water (7). Consumption of fluoridated
water has been implicated with values greater than 50% (8) of the maximum daily ideal
of 0.05 to 0.07mg F / kg (9). As well as the amount of fluoride contained in toothpastes,
where the Brazilian regulation (ANVISA, Resolution 79, dated August 28, 2000)
monitors the maximum amount (0.15%, 1,500 ppm F), but does not establish the
minimum quantity for this. It is suggested that the regulation on fluoride toothpastes needs
to be revised to assure the efficacy of those products for caries control in Brazil (10).

The prevalence and severity of DF are related to the amount of ingested fluoride
(11), a fact that has been demonstrated in several studies (12). The prevalence of DF
around the world varies between 7.7% and 80.7%(13,6) and in Brazil, DF has been
increasing significantly to the point of being considered a public health problem (13). The
enamel alteration stems not only from the intake of fluoridated water, but from the length
of time during which it is consumed (14), bringing attention to the ingestion of fluorides
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from other potentially causative sources, such as food and beverages, pharmacological
supplements, use of dentifrices and fluoridated mouthwash (13,14).

The justification for the present research is that Curitiba became the first Brazilian
capital to have a fluoridated public water supply in 1958(15), with a fluoride
concentration of about 0.7 ppm (16) to 0.8 ppm (17). Historically, the prevalence of DF
in the city is high and above that of neighboring cities (18). Therefore, the objective of
this study was to evaluate the prevalence of DF in 12-year-old schoolchildren in the city
of Curitiba, Parana, in the years of 2006 and 2016.

2 MATERIALS & METHODS
2.1 ETHICAL ASPECTS

With a cross-sectional approach, two collections were carried out in two moments:
2006 and 2016. Twelve-year-old schoolchildren, whose parents or legal guardians signed
a free and informed consent form, were invited to participate, under the approval of
Institutional Human Research Ethics Committees (n° 487/2005 and n° 1,184,196 / 2014).
The students’ guardians answered a questionnaire about their minor’s general health and
oral hygiene habits. Children with a history of development of systemic diseases and

those with orthodontic equipment were not included in the study.

2.2 SAMPLE GROUP SELECTION

For the sample calculation, data were taken from the Brazilian Institute of
Geography and Statistics of 2000 and 2010, and the State Office of Education of Curitiba.
The prevalence of DF in this population was estimated at 12% (19,20), with an accuracy
of 3%. The limit value for the rejection area was 1.96 and the design effect was 1.5. We
used the stratified sampling technique by health district. The schools were randomly
selected to compose the HD groups and, within each stratum, simple random samples of
students were taken. That is, each element of its respective group had an equal chance
(1/N) of belonging to the sample.

Following this estimate of DF prevalence, in 2006 Brancher et al.(21), selected
and examined 679 unrelated children of both sexes with a mean age of 12 years, from six
public schools (municipal and state) and six private schools in Curitiba that represented
the HD of the municipality. The twelve schools were chosen randomly and there were no

two public or private schools from the same HD.
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In 2016, Bertoli et al. (22) examined 934 children of both sexes with a mean age
of 12 years (10 to 14 years), taken from 21 public (municipal and state) and private
schools of the same municipality. Once again, the schools were chosen randomly and

were representative of the health districts.

2.3 CLINICAL EXAMINATION

The clinical examination was performed under natural light, in the school
environment, by two trained and calibrated examiners. To assess the consistency of each
examiner (inter- and intraexaminer reproducibility), duplicate examinations were
conducted on 10% of the sample and the Kappa test was used to measure reliability. The
diagnosis of DF was recorded according to the modified Dean index (23) as: normal,
questionable, very mild, mild, moderate and severe. The inter- and intra-examiner

agreement was greater than 0.75.

2.4 STATISTICAL ANALYSIS

The dependent variable DF was dichotomized into: present (very mild, mild,
moderate and severe) and absent (normal and questionable). Data were analyzed in the
SPSS software, version 21. After the univariate analysis, associations between DF and
the independent variables (gender and HD) were sought using the chi-square test with a
significance level of 5%.

3 RESULTS

In 2006, 679 children were examined, 54.9% being girls and 45.1% boys. In 2016,
the gender distribution of the children examined remained practically the same, since 934
children participated in the study, 55.1% being girls and 44.9% boys. There were no
significant differences in age and gender distribution among the groups of children
examined. The independent characteristics of the samples surveyed are shown in Table
1.

The prevalence of DF decreased from 27.7% in 2006 to 17.2% in 2016, and the
distribution of cases in the very mild/ mild, moderate and severe classes remained
practically unchanged (OR = 1.83; 95% CI: 1.44 - 2.33) (Table 2). There was an increase
in cases of moderate DF from 16.5% in 2006 to 20.5% in 2016 (OR = 0.76; 95% CI: 0.44
- 1.31). Also, the geographic distribution by HD remained similar, except for the Health
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Districts of Pinheirinho, Portdo and Santa Felicidade, which were subdivided to create
the HD of the Industrial City of Curitiba (CIC) (Table 3).

4 DISCUSSION

This study investigated the prevalence of DF in 12-year-old schoolchildren living
in Curitiba, Paran4, in the years of 2006 and 2016. In this period, the prevalence of DF in
the sample population decreased from 27.7% to 17.2%.

A systematic review of the literature indicates that the prevalence of DF varies
according to several factors, including exposure time to fluoride present in water, air, diet
and other sources (14). The use of fluoride is directly associated with a decrease in the
prevalence of dental caries in populations (1), However, there are controversies in the
literature (5) and this positive effect of controlling caries has also been accompanied by
the increase in cases of DF in several localities (21,13), even indicating that the amount
of fluoride ingested is directly related to the severity of DF (6,11,).

It should be noted that fluoridated public drinking water is considered safe for
human health (3) whose main effect is the mitigation of dental caries (2). Despite the
exhaustive search for an association between fluoridated water supplies and DF, the
various sources of fluoride in everyday life, such as food, beverages and dentifrices,
should still be taken into account (14,24). However, in a systematic review it was
evaluated the effects of water fluoridation (artificial or natural) on the prevention of dental
caries and DF. The authors concluded that with regard to DF, the percentage of
participants with DF of aesthetic concern was approximately 12% considering a fluoride
level of 0.7 ppm; this value increases to 40% when any level of DF was considered (6).

Studies indicate that, despite the ingestion of water with optimal levels of fluoride,
children have exceeded the maximum recommended dose, probably due to diet and the
use of toothpaste during brushing, influencing the DF outcome (24), given that DF is a
defect in the mineral structure of a tooth, resulting from the incorporation of fluoride
during tooth formation, which occurs in some stages of childhood (25).

Curitiba follows the ideal concentration of fluoride in water recommended by
Brazilian legislation (7), as well as by the literature, with the concentration in the
Brazilian capitals varying from 0.6 to 0.9 mg/L, mainly for the purpose of preventing
dental caries (17). This is due to the Companhia de Saneamento do Parana - Parana Water
and Sanitation Company’s (SANEPAR) strict control over the process. In 2006, data

showed that the monthly average concentration of fluoride in the water supply was 0.69
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(£ 0.09) ppm. In 2016, this value was 0.75 (x 0.01) ppm (24). Also, there is no significant
difference in the fluoride concentration of waters from different health districts,
conferring the homogeneity reflected in the distribution of the cases of DF between HD
in the present study.

In Brazil, the federal government carried out epidemiological surveys on oral
health in 2003 and 2010 (19,20). The data obtained in both revealed a decline in the
prevalence of dental caries in Curitiba (19,20). Regarding DF prevalence, data from these
same projects indicated a national increase during the decade analyzed: in 2003 it reached
10.7% among the 12-year-olds surveyed, and in 2010 it had worsened to 14.8%.
However, Freitas et al. (27), showed that is not possible to analyze trends in DF in Brazil
using the data available from these national surveys, because different models of analysis
were used in both, serving the data as exploratory indicators of the prevalence of DF. The
authors emphasize the importance of surveys, provided that these limitations are
considered.

Cangussu et al. (13) critically reviewed DF in Brazil and indicated global values
of the malady in Curitiba at 25.6%, and specifically for the moderate/severe classes it was
0.27%. This present study in Curitiba reveals a decrease in DF from 2006 to 2016, but
the results are still higher than the official national data, which for 12-year-olds was 9%
in 2003 (20) and 16.7% in 2010 (19).

In the two moments of the present study, 1613 children were examined. Overall,
349 children (21.6%) presented some degree of DF, a value similar to that found by
Jorddo et al.(28), who also performed analyses at different times in 2003 and 2010. In
comparison, the populations of Pakistan and India presented global values (of DF
prevalence among 12-year-olds) of 63.6% (29) and 4.1% (30), respectively. In Brazil,
some surveys with schoolchildren revealed a prevalence of DF of almost 80% (31).

Regarding the level of severity of DF, the moderate and severe classes in this
study comprised 3.9% and 1.8% of the sample, respectively, similar to that found in the
Indian (32). Higher prevalence rates for these classes have also been found, reaching
23.2% in central Mexico (33) and 50.5% in Quetta, Pakistan (29). In Brazil, the
prevalence of dental fluorosis in 12-year-old children was 16.7%, with 1.5% of moderate,
and severe was considered null (19).

All the children included in this study were born and raised in Curitiba and,
irrespective of the region in which they lived, they received treated and fluoridated water

for at least 10 consecutive years. The study by Ramesh et al. (34) shows that children
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who lived their first five years of life in regions with high concentrations of fluoride in
water developed more DF lesions than those living in similar areas between five and 10
years of age. An investigation in several databases on the prevalence of DF revealed that
in the age group of 6 to 18 years, with exposure between 6 and 8 years of life to fluoridated
water (0.7 ppm), DF was estimated at 12.9%. These reports corroborate the work of
Fejerskov et al. (26), who affirm that the first and second childhood are critical phases
for the development of DF.

In the present study, adolescents consumed water at an ideal fluoride
concentration for over a decade (16,17) and a decrease in DF prevalence was observed,
indicating that most likely this condition is not only associated with exposure to fluorine
through the water supply. The lack of association of DF solely to the consumption of
fluoridated water is supported by several publications (13,14). Research points to the time
of exposure to fluoridated water and access to other sources of fluoride as important
determinants of the condition (13,14).

Regarding the distribution of DF by gender, there was no significant difference.
Jord&o et al .(28) also did not identify an association between this variable and the
outcome. However, Ramesh et al. (34) found that DF affected more boys, with the
explanation being that they consume more water because of their higher frequency of
physical activity compared to girls. Since high local temperatures could determine higher
consumption of fluoridated water, studies that investigated this context did not identify
the gender association (25).

The limitations of this research are due to the cross-sectional nature of the study,
because it does not allow the establishment of causal relationships, nor does it consider
access to other sources of fluoride at the time of examination. Yet its findings regarding
indices of dental fluorosis hold validity due to the methodological care taken with the
sample representativity in the study. In order to estimate the prevalence of DF, the
modified Dean index (23) was used because it is a simple method that allows reliable
diagnoses, especially when examining large populations of individuals outside the clinic
setting. Moreover, this method is recommended for sites where the concentration of
fluorine in water is less than 5 ppm (35). However, this index does not clearly distinguish
important degrees of the more severe forms of the disease, given the grouping into a single
“severe” category (26).

Although the current findings indicate the existence of the DF condition, an issue

under debate in public health (12,13), fluoridation of public water supplies is an effective
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method in the prevention of dental caries (12) and has an important social impact,
especially for the Brazilian population (5). Finally, the prevalence of DF in the city of
Curitiba, although still holding relevant values, has decreased significantly over the
analysis of one decade. Moreover, the independent variables analyzed (gender and health

district) were not associated with the outcome.
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TABLE 1 Distribution of the independent variables of the sample of 12-
year-old students in the years 2006 and 2016 (Curitiba, Parang, Brazil)
Variables 2006 2016
(n = 679) (n = 934)
n (%) n (%)
Gender
Female 370 (54.5) 515 (65.1)
Male 309 (45.5) 419 (44.9)
Health District
Portdo 113 (16.7) 35 (3.74)
CIC * 135 (14.4)
Bairro Novo * 96 (10.2)
Cajuru 109 (16.0) 108 (11.6)
Boqueirdo 104 (15.3) 99 (10.6)
Matriz ** 75 (8.0)
Boa Vista 109 (16.0) 147 (15.7)
Pinheirinho 133 (19.6) 87 (9.3)
Santa Felicidade 111 (16.4) 152 (16.2)
** District excluded from the sample because they are not expressively representative of
the city.
* District not founded in 2006.
TABLE 2 Prevalence of DF and severity in the sample of 12-year-old schoolchildren in
2006 and 2016 (Curitiba, Paran, Brazil).
Variable 2006 (n =679) 2016 (n =934) p value*
n (%) n (%)
DF
Absent 491 (72.3) 773 (82.7) <0.001
Present 188 (27.7) 161 (17.3)
DF Classification
Very mild and mild 138 (73.4) 117 (72.7)
Moderated 31 (16.5) 33(20.5) 0.397
Severe 19 (10.1) 11 (6.8)
Note: Bold values are statistically significant. * Chi-square test (p < 0.05).
TABLE 3 Association between prevalence of DF and independent variables of the sample of 12-year-old
schoolchildren, in the years 2006 and 2016 (Curitiba, Parang, Brazil).
Variable 2006 2016
DF p value* DF p
value*
Present Absent Present Absent
(n=188) (n=491) (n=161) (n=773)
Gender n (%) n (%) n (%) n (%)
Female 90 (47.9) 219 (44.6) 96 (59.6) 419 (54.2)
Male 98 (52.1) 272 (55.4) 0.444 65 (40.4) 354 (45.8) 0.208
Health District 0.225 0.472
Portdo 36 (19.1) 77 (15.6) 9 (5.6) 26 (3.4)
Cajuru 33(17.6) 76 (15.5) 17 (10.6) 91 (11.8)
Boqueirdo 25(13.3) 79 (16.1) 18 (11.2) 81 (10.5)
Boa Vista 31 (16.5) 78 (15.9) 26 (16.1) 121 (15.7)
Pinheirinho 27 (14.4) 106 (21.6) 17 (10.6) 70 (9.1)

Brazilian Journal of Health Review, Curitiba, v.4, n.1, p.203-216 Jan/Feb. 2021



Brazilian Journal of Health Review | 216
ISSN: 2525-8761

Santa Felicidade 36 (19.1) 75 (15.3) 19 (11.8) 133 (17.2)

* Chi-square test (p < 0.05).

Note: Districts created later and included in the analysis:
CIC: Yes (n = 23; 14.3%); No (n = 112; 14.5%)

Bairro Novo: Yes (n = 14; 8.7%); No (n = 82; 10.6%)
Matriz: Yes (n=18; 11.2%). No (n = 57; 7.4%)
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