
Dental Materials

Marina Sousa AZEVEDO(a) 
Marília Leão GOETTEMS(a) 
Dione Dias TORRIANI(a) 
Flávio Fernando DEMARCO(b)

 (a) Social and Preventive Dentistry, School of 
Dentistry, Universidade Federal de Pelotas - 
UFPel, Pelotas, RS, Brazil.

 (b) Restorative Dentistry, School of Dentistry, 
Universidade Federal de Pelotas – UFPel, 
Pelotas, RS, Brazil.

Factors associated with dental fluorosis 
in school children in southern Brazil: a 
cross-sectional study

Abstract: This cross-sectional study assessed risk factors for den-
tal fluorosis (DF) among 8- to 12-year-old children in southern Brazil. 
Children attending 20 schools were randomly selected (n = 1,196). They 
were interviewed and their parents answered a questionnaire that was 
sent home. Prevalence of DF was 8.53% (modified Dean’s criteria), and 
the prevalence of severe DF was 0.17%. The results of multiple logistic 
regression analyses indicated that DF was associated with a higher fre-
quency of tooth brushing and with initial use of fluoride toothpaste at 
the emergence of the first tooth. DF does not constitute a public health 
problem in southern Brazil.
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Introduction
The decline in global prevalence of dental caries has been largely attrib-

uted to widespread use of fluoridated toothpaste,1 to the presence of natural 
fluoride (F) in drinking water and to water fluoridation programs.2 Regard-
less of the purported benefits of fluoridation, exposure to F is associated 
with increased prevalence of dental fluorosis (DF), an irreversible condi-
tion caused by excessive ingestion of F during tooth development, which 
results in defects in the tooth enamel.3 It is known that the prevalence and 
severity of DF is directly related to the amount of F ingested, age at the 
time of exposure and duration of exposure.4 In contrast to the prevalence 
of dental caries, the prevalence of DF has increased worldwide.5

Epidemiological surveys in Brazil have found a prevalence rate rang-
ing from 3% to 80.4%.4,6 In other countries, prevalence rates ranging from 
15.8%7 to 60.4%8 have been reported.8 Depending on its severity, DF may 
not only have esthetic consequences, but may also cause fracture, loss of 
enamel and pain, and may also adversely affect food choices, compro-
mise chewing efficiency, and require complex dental treatment.9

Although the sources and amounts of F to which children are exposed 
vary not only among countries but also among different regions of a 
country, few studies have examined the prevalence of DF among chil-
dren in southern Brazil.10,11 Knowing the habits possibly associated with 
DF is an important factor to be considered in preventing its occurrence. 
Striving to fill this research gap, the present study aimed at determin-
ing the prevalence of DF among 8- to 12-year-old schoolchildren in Pelo-
tas, a city in southern Brazil, and at assessing the associated risk factors.
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Methodology
Study setting and population

This cross-sectional study is part of a compre-
hensive oral health survey carried out between 
September and December 2010, in Pelotas, a city of 
320,000 inhabitants, with a fluoridated water sup-
ply as of 1961. In Pelotas, the F concentration of 
the water supply is between 0.6 and 0.9 mgF/L, on 
average. In 2010, the mean concentration was 0.67. 
This research protocol was approved by the Eth-
ics Committee of the Universidade Federal de Pelotas 
(UFPel), School of Dentistry (protocol no. 160/2010), 
and written informed consent was obtained from 
each parent or guardian. Dental treatment was pro-
vided to all children who required it.

In line with an estimated DF prevalence rate of 
12.7%,12 a margin of error of 3%, and a confidence 
level of 95%, it was determined that at least 612 chil-
dren aged 8-12 years attending either private or public 
schools in the urban area of the city would have to be 
selected to serve as the study sample. Adoption of a 
cluster sample selection design led to a design effect 
estimated at 2. The sample size was increased by 20% 
to compensate for an estimated 20% non-response 
rate. The minimum sample size of this study was 
large, because it also assessed other outcomes. For 
the purpose of examining the association between 
DF and the independent variables, the final sample 
(n = 1196) had 80% power to detect prevalence ratios of 
1.56 as significant, with a 95% confidence interval. The 
sample was selected using a 2-stage cluster method. 
In the first stage, 20 schools (5 private and 15 public) 
were randomly selected to ensure proportionality. In 
the second stage, 5 classes from the 2nd to the 6th year 
were selected from each school, and the parents of 
the children in each class were invited to participate 
in the study. All children enrolled in these classes 
were initially eligible for the study. Physically and/or 
mentally disabled children were excluded from the 
study. A previous study has been published giving a 
more detailed description of the methodology used.13 

Data collection
The parents were administered a questionnaire. 

The level of parents’ education was evaluated in 
terms of years of formal education, and was classi-

fied into 2 groups: < 8 and ≥ 8 years. Family income 
was measured in Brazilian reais and dichotomized 
by median split. Parents were asked about the dura-
tion of breastfeeding, categorized as never, up to 6 
months ─ as recommended by the World Health 
Organization (WHO) and over 6 months. The par-
ents were also asked when they began brushing their 
children’s teeth with F dentifrice, and were divided 
into 2 categories, depending on their response, i.e., 
they began either when the child reached an age of 
up to 12 months or when the first tooth erupted, or 
else when the child reached 12 months or more.

The children were interviewed to collect demo-
graphic information (gender and age) and frequency 
of tooth brushing, categorized as once a day or less, or 
as twice a day or more. The children’s skin color was 
determined by the examiner as white or non-white. 
The type of school was classified as public or private.

Oral clinical examinations were performed at the 
school by 6 dentists using a modified Dean’s crite-
ria: 0 = no or questionable, 1 = very mild, 2 = mild, 
3 = moderate, and 4 = severe DF. The individual-level 
score was determined using the scores of the 2 teeth 
that received the worst scores, and the presence of 
DF was differentiated from that of other opacities.14 
Clinical oral examiners were not aware of the chil-
dren’s responses during their interview to avoid bias 
during examination.

The examiners participated in a training ses-
sion, followed by a calibration exercise, before the 
data were collected, to ensure reliability. Because of 
the low DF prevalence, calibration was performed in 
lux, consisting of the projection of 30 photographic 
images. The interexaminer reliability of the calibra-
tion was assessed by the Kappa test, comparing the 
results of the examiners with the gold standard for 
image records. Interexaminer unweighted Kappa 
values ranged from 0.81 to 0.89 for DF.

Statistical analysis
The data were analyzed using Stata software ver-

sion 10.0 (Stata Corporation, College Station, USA). 
Descriptive analysis was performed. Fisher exact 
test and chi-square test were used to test the asso-
ciation between DF severity and the independent 
variables. Bivariate and multiple logistic regression 
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analyses were conducted using a forward stepwise 
procedure, to assess factors associated with the pres-
ence or absence of DF. The criterion for inclusion of 
the independent variables in the model was set at 
0.20. Values of p < 0.05 were considered significant.

Results
Of the 1,744 children invited to participate in this 

study, 1,325 (76.0%) returned the questionnaire and 
informed consent form. Data from 114 (8.6%) chil-

dren were lost during data collection, because of 
their absence from school. Of the remaining 1,211 
children, 1,196 were examined for DF ─ 15 could 
not be examined because they had extensive cari-
ous lesions or were wearing orthodontic appliances 
that hindered examination. Table 1 shows the sample 
distribution according to DF severity.

Table 2 shows the results of the bivariate and mul-
tivariate analyses. The bivariate analysis indicated 
that the children who had a higher prevalence of DF 

Table 1. Sample distribution according to fluorosis severity among 8- to 12-year-old children and independent variables. Pelo-
tas/2010 (n = 1,196).

Variable Total Very mild n (%) Mild n (%) Moderate/severe n (%) p-value*

Gender 0.094*

Male 568 18 (3.17) 21 (3.70) 5 (0.88)

Female 628 27 (4.30) 16 (2.55) 15 (2.39)

Age (years) 0.721*

8 179 6 (3.35) 3 (1.68) 2 (1.12)

9 308 9 (2.92) 10 (3.25) 5 (1.62)

10 294 9 (3.06) 13 (4.42) 4 (1.36)

11 255 15 (5.88) 7 (2.75) 6 (2.35)

12 160 6 (13.75) 4 (2.50) 3 (1.88)

Skin color 0.721**

White 847 32 (3.78) 30 (3.54) 14 (1.65)

Non-white 313 13 (4.15) 7 (2.24) 19 (1.64)

Type of school 0.040*

Private 248 16 (6.45) 11 (4.44) 4 (1.61)

Public 948 29 (3.06) 26 (2.74) 16 (1.69)

Mother’s schooling 0.783**

≥ 8 years 744 26 (3.49) 25 (3.36) 12 (1.61)

< 8 years 417 17 (4.08) 10 (2.40) 7 (1.68)

Family income (BRL) 0.916**

> 730.00 R$ 512 20 (3.91) 17 (3.32) 8 (1.56)

≤ 730.00 R$ 515 17 (3.30) 15 (2.91) 7 (1.36)

Tooth brushing begins < 0.001**

> 12 months 743 23 (3.10) 11 (1.48) 10 (1.35)

≤ 12 months 414 21 (5.07) 24 (5.80) 8 (1.93)

Breastfeeding 0.457*

> 6 months 496 19 (3.83) 12 (2.42) 9 (1.81)

≤ 6 months 546 19 (3.48) 22 (4.03) 7 (1.28)

Never 109 3 (2.75) 1 (0.92) 3 (2.75)

Tooth brushing frequency < 0.001*

Twice/day or less 480 14 (2.92) 5 (1.04) 4 (0.83)

Three times/d or more 690 31 (4.49) 32 (4.64) 16 (2.32)

Total 1196 45 (3.76) 37 (3.09) 20 (1.67)

*Fisher exact test; **Chi-square test.
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were those who engaged in a relatively higher fre-
quency of tooth brushing, attended a private school, 
and began using F toothpaste when their first pri-
mary tooth emerged or at an age of up to 12 months. 
After the variables were adjusted, it was found that 
the children who began using fluoride toothpaste 
at an age up to 12 months or when the first tooth 
erupted had a 2.05-time greater risk of having DF 
than children who began using fluoride toothpaste 
later. In addition, children who brushed their teeth 

more than twice a day had a 2.55-time greater risk 
of having DF than children who brushed their teeth 
twice a day or less.

Discussion
In the present study, 8.53% of the sample showed 

clinical signs of DF. This finding was consistent with 
that found in previous studies.15,16 However, only 0.17% 
of the children were found to have severe DF. This 
was expected, since very mild and mild forms are 

Table 2. Unadjusted and adjusted logistic regression models for prevalence of dental fluorosis among 8- to 12-year-old chil-
dren. Pelotas/2010 (n = 1,196).

Variable Dental fluorosis ORc (95% CI) p-value ORa (95% CI) p-value

n %

Gender 0.358

Male 44 7.75 1.00

Female 58 9.24 1.21 (0.80-1.82)

Age (years) 0.198 0.082

8 11 6.15 1.00 1.00

9 24 7.79 1.29 (0.62-2.70) 1.21 (0.55-2.66)

10 26 8.84 1.48 (0.71-3.08) 1.58 (0.73-3.43)

11 28 10.98 1.88 (0.91-3.89) 2.08 (0.97-4.47)

12 13 8.13 1.35 (0.59-3.11) 1.51 (0.62-3.69)

Skin color 0.597

White 76 8.97 1.00

Non-white 25 7.99 0.88 (0.55-1.41)

Type of school 0.013 0.065

Private 31 12.5 1.00 1.00

Public 71 7.49 0.57 (0.36-0.89) 0.63 (0.39-1.03)

Mother’s schooling 0.853

≥ 8 years 51 8.25 1.00

< 8 years 46 8.47 0.96 (0.62-1.48)

Family income (BRL)    0.378

> 730.00 R$ 45 8.79 1.00

≤ 730.00 R$ 39 7.57 0.82 (0.52-1.28)

Tooth brushing begins < 0.001 0.001

> 12 months 44 5.92 1.00 1.00

≤ 12 months 53 12.8 2.33 (1.53-3.55) 2.05 (1.33-3.16)

Breastfeeding 0.860

> 6 months 40 8.06 1.00

≤ 6 months 48 8.79 1.10 (0.71-1.70)

Never 7 6.42 0.78 (0.34-1.80)

Tooth brushing frequency < 0.001 < 0.001

Twice/day or less 23 4.79 1.00 1.00

Three times/d or more 79 11.45 2.57 (1.59-4.15) 2.55 (1.55-4.22)
ccrude; aadjusted for age, type of school, start and frequency of tooth brushing; 1 Brazilian Real (BRL) = 0.49 USD.
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more common in areas of optimal fluoride content in 
drinking water, as is the case of Pelotas (0.67 ppm F). 
Steiner et al.17 detected that most children with DF 
presented less severe forms of opacities, and con-
cluded that fluoride-associated enamel opacities are 
not a cosmetic problem and certainly not a public 
health concern. In a study that assessed the percep-
tion of DF as an oral health problem among 12-year-
old Brazilian children, Meneghim et al.18 found that 
the children examined did not have a negative per-
ception of DF, except when it reached severe levels.

The present study investigated a series of demo-
graphic, socioeconomic, and behavioral variables possi-
bly associated with DF. Gender and age were not asso-
ciated with DF. Although several studies have found 
that the female sex was associated with DF,6,19 these 
results are controversial.20 Although there is no consen-
sus in the literature regarding an association between 
DF and socioeconomic factors, authors have suggested 
a relationship between higher socioeconomic status 
and increased access to fluoridated products. On the 
other hand, it has been speculated that children from 
low-income families are at greater risk of exposure to 
higher F doses. This could be related to the fact that 
the higher amounts of dentifrice dispensed to these 
children have been associated with lower socioeco-
nomic status and parental education level. Although 
children from higher socioeconomic status tend to use 
children’s toothpaste, instead of the family dentifrice, 
the amount of dentifrice used can strongly increase the 
risk of exposure to higher doses of F, regardless of the 
type of dentifrice.21 Maltz and Silva10 found that chil-
dren who attended private schools had a higher prev-
alence of DF, but found no direct association between 
either family income or parental schooling. Similarly, 
other authors have found no association between DF 
and socioeconomic indicators.18,19

Use of F toothpaste has been identified as a poten-
tial risk factor for DF, particularly because an inverse 
relationship has been observed between age and mean 
ingestion of toothpaste.22 Both the frequency of tooth 
brushing and the age at which tooth brushing began 
were found to be associated with DF in the present 
study. It has been reported that an early age of tooth 
brushing initiation is associated with higher TFI mean 
scores. The authors of the abovementioned finding22 

presumed this was connected to the lack of super-
vision in young children to advise them to spit out 
toothpaste rather than swallow it.23 Since most com-
mercial brands of toothpaste on the Brazilian market 
are fluoridated, they serve as important sources of F, 
but present substantial risk associated with ingestion 
by children. It has been shown that not all ingested 
F from toothpaste will be absorbed, and may not be 
absorbed systemically.21,24 The finding that children who 
initiated tooth brushing at an early age had a higher 
prevalence of DF may suggest that they swallowed 
a quantity of fluoridated toothpaste great enough to 
have had a negative systemic impact.

Different strategies to address this issue are rec-
ommended, among which is the use of low F tooth-
paste by young children. However, a systematic 
review verified that low F toothpaste significantly 
increased the risk of caries in primary dentition and 
did not significantly decrease the risk of fluorosis-
related esthetic consequences to the upper anterior 
permanent teeth; therefore, there is no evidence to 
support the use of low F toothpastes.25

A systematic review, combining data from 4 stud-
ies, showed a reduction in the risk of DF if children 
brushed their teeth/had their teeth brushed after 12 
to 14 months of age. However, the evidence was not 
considered very substantial, since there were no ran-
domized controlled trials assessing this relationship.26 
Furthermore, a study estimating F intake either from 
diet, or dentifrice or a combination of both for chil-
dren with and without DF, found a similar F intake 
for both groups of children.27

An association between a higher frequency of 
tooth brushing and fluorosis was detected in this 
study, in agreement with other studies.20,28 Although 
the frequency of tooth brushing was not precise, it 
was used as a proxy measurement for the amount of 
F toothpaste being ingested,26 insofar as higher fre-
quencies of tooth brushing are expected to increase 
the risk of F intake.21 Although other proxy measure-
ments have been suggested, including those of col-
lecting information on whether the child liked, swal-
lowed or ate dentifrices, this study only assessed the 
current tooth brushing practices of the sample.26 It 
is possible that these children engaged in more fre-
quent tooth brushing ever since they began brushing 
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their teeth. This possibility is supported by Pendrys 
et al.,29 who found that 34% of the cases of DF could be 
explained by initiation of tooth brushing more often 
than once a day and brushing with F toothpaste at an 
age under 2 years of age. On the other hand, Wong 
et al.26 performed a meta-analysis of four cross-sec-
tional surveys and found no significant association 
between frequency of tooth brushing and DF. The 
findings of this study suggest that advising parents of 
the proper use of F dentifrices by their children and 
urging them to supervise their children during tooth 
brushing are recommendations widely accepted by 
dentists, and add to the benefits of reducing the risk 
of DF. Each parent should be well informed about 
the many benefits and little damage associated with 
brushing their children’s teeth with F toothpaste.

A prolonged period of breastfeeding has been 
associated with the prevention of fluorosis.30 This 
could be attributed to the fact that human milk has a 
very low F content, and that children fed exclusively 
with human milk are not exposed to fluoridated 
water, whereas those fed with powdered concentrate 
mixed with water as their main source of nutrition 
are exposed. The association between duration of 
breastfeeding and fluorosis was not detected in this 

study. Inferences about this association could not be 
made, since data on early feeding practices, such as 
consumption of infant formula, was not collected.

One of the limitations of this study was its use of 
a cross-sectional design, which limited the extent to 
which causal inferences could be made. Another limi-
tation was the possibility of recall bias, since mothers 
were requested to answer questions regarding their 
children’s exposure to F during early childhood. 
Among the several epidemiological indices that have 
been proposed for describing the clinical appearance 
of DF, Dean’s Fluorosis Index was selected because 
of its simplicity and the availability of related data. 
In terms of external validity, the number of schools 
included, the sampling method employed and the 
good response rate assured representativeness of 
the children enrolled in the city’s schools.

Conclusions
Dental fluorosis does not constitute a major pub-

lic health problem of broad dimensions in southern 
Brazil. Considering the limitation of this study’s 
cross-sectional design, the findings report that den-
tal fluorosis in this sample was associated with tooth 
brushing habits.
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