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ABSTRACT

OBJECTIVE: To assess the trend of dental fluorosis prevalence in 12-year-old
children, in the context of exposure to multiple sources of fluoride.

METHODS: An analysis was carried out of the trends in prevalence of dental
fluorosis in the city of S&o Paulo, Southeastern Brazil, between 1998 and 2010.
The rates of prevalence were calculated for different years (1998, 2002, 2008
and 2010) using secondary data obtained from epidemiological surveys of
representative samples of 12-year-old children. Occurrence of fluorosis was
assessed in natural light using the Dean index, recommended by the World
Health Organization and categorized into normal, questionable, very mild, mild,
moderate and severe. In 1998, 125 children were examined, 249 in 2002, 4,085
in 2008 and 231 in 2010.

RESULTS: In 1998 the prevalence of fluorosis was 43.8% (95%CI 35.6;52.8)
in 2002 it was 33.7% (95%CI 28.2;39.8), it was 40.3% (95%CI 38.8;41.8) in
2008 and 38.1% (95%CI 32.1;44.5) in 2010.The categories very mild + mild
totaled 38.4% (95%CI 30.3;47.6) in 1998, 32.1% (95%CI 26.6;38.2) in 2002,
38.0% (95%ClI 36.5;39.5) in 2008 and 36.4% (95%CI 30.4;42.7) in 2010. Severe
fluorosis was not observed, with statistical significance, in the analyzed period.

CONCLUSIONS: The prevalence of dental fluorosis in children from S&o Paulo
can be classified as stationary between 1998 and 2010, both when considering
all categories, and when considering only the categories very mild + mild.

DESCRIPTORS: Child. Fluorosis, Dental, epidemiology. Fluoridation,
adverse effects. Toothpastes, adverse effects. Dental Health Surveys.
Oral Health.
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INTRODUCTION

Fluoridated water and toothpastes with fluoride are
important allies in preventing dental caries, the main
oral health problem in the majority of countries.” The
city of Sdo Paulo has around 11 million inhabitants and
around 99% of them have access to tap water, which has
been fluoridated since 1985. From 1988 onwards prac-
tically all toothpastes commercially available in the city
contain fluoride.?? Studies on the prevalence of dental
caries show a consistent decrease in children, indi-
cating the effectiveness of these preventative methods.
However, in the context of exposure to multiple sources
of fluoride, doubts persist as to prevalence of dental
fluorosis in these children.

Products containing fluoride may be improperly used,
both in the tap water and in toothpastes. Consequently,
the population’s levels of dental fluorosis, an alteration
in the enamel occurring during the teeth’s develop-
ment due to excessive, prolonged fluoride intake,
can rise.®

In the classic pattern of occurrence (chronic endemic),
the problem appears due to the intake of high concen-
trations of fluoride in the drinking water, usually
from wells. However, the modern pattern of dental
fluorosis occurrence is due to exposure to multiple
sources of fluoride, in other words, intake of products,
usually water and toothpaste, containing levels of
fluoride in excess of that tolerated by the organism
over long periods of time. Such levels are enough
to cause milder forms of fluorosis — in many cases
unnoticeable.*? This form of fluorosis, the population
pattern of which is quite different from that exhibited
in cases of chronic endemic dental fluorosis, was
denominated iatrogenic endemic fluorosis by Narvai.'’
This is distinguished from the chronic endemic form,
from an epidemiological point of view, as “mild” and
“very mild” cases predominate, with low frequency
of “moderate” cases and a very low frequency of
“severe” cases.

Menezes et al*? stated that the alterations classed
as “very mild” and “mild” produced by fluoride in
tooth enamel are not perceived as a problem by the
population. Narvai & Bighetti**refer to “aesthetically
acceptable” forms of dental fluorosis. With this type
of dental fluorosis (iatrogenic endemic), the public
health interest is to avoid new cases occurring and
maintain the inevitable cases at socially accept-
able levels.®

Bearing in mind the existence of elevated prevalence
of dental fluorosis in some places in Brazil #%2 it was
hypothesized that levels of this health problem were
increasing in these locations and in the Brazilian popu-
lation.® This study aimed to evaluate this hypothesis
in the state capital of S&o Paulo, Southeastern Brazil.

METHODS

An analysis of trends in the prevalence of dental fluo-
rosis between 1998 and 2010 was carried out, following
the recommendations for “panel” studies. The rates of
prevalence were calculated for different years (1998,
2002, 2008 and 2010), based on secondary data from
epidemiological oral health surveys carried out by the
State and Municipal Health Departments; and the 2002
and 2010 studies were part of a broader study known as
the SBBrasil Project.’*?* Although the sampling plans
were different in these population surveys, due to their
different aims, the samples were considered represen-
tative of 12-year-old children in the city of Sdo Paulo,
as they met the criteria proposed by the internationally
standardized World Health Organization (WHO) meth-
odology.?* To evaluate prevalence, the dental fluorosis
index proposed by Dean® and recommended by the
WHO was used. In all four surveys, the examinations
were carried out in natural light. The examiners’
training in these studies met the requisites required
for epidemiological surveys of dental fluorosis.?*
In 1998, 125 children were examined, 249 in 2002,
4,085 in 2008 and 231 in 2010. In order to analyze
trends in prevalence, 1998 was used as the reference
for comparisons, which took into consideration the
respective 95% confidence intervals at the four times.
Rates of prevalence and their respective confidence
intervals of the different degrees of dental fluorosis
were also analyzed comparatively. In the “normal”
and “questionable” categories, enamel appeared
normal in natural light, with the surface appearing
smooth, shiny and generally white or light beige. In
the “very mild” category, small irregularly dispersed
white and opaque patches appear on less than 25% of
the tooth’s surface. The “mild” category is similar to
the above, but involving more than 50% of the tooth
surface. In “moderate” fluorosis, the enamel surface
appears worn and there are brown stains. Fluorosis is
classified as severe when the surface of the enamel is
severely affected and the hypoplasia is so accentuated
that the anatomy of the tooth is compromised. Brown
stains occur all over the surface and the tooth often
appears corroded.

RESULTS

The prevalence of dental fluoride in 1998, 2002, 2008
and 2010 is shown in Figure. No statistically significant
difference was observed in the prevalence of this health
problem between the comparatively analyzed years and
1998, the reference year.

The percentages according to severity of the health
problem are shown in the Table and demonstrate that,
on comparing all of the categories of the variable,



Rev Satide Pdblica 2013;47(Supl 3):1-6

no statistically significant differences are recorded in
the respective prevalence. Together, the categories
“mild” + “very mild” totaled 38.4% (95%CI30.3;47.6)
in 1998, 32.1% (95%CI 26.6;38.2) in 2002, 38.0%
(95%CI 36.5;39.5) in 2008 and 36.4% (95%CIl 30.4,42.7)
in 2010. With regards the figure for 1998, there were no
statistically significant differences observed in the subse-
quent years. One “severe” case of fluorosis was observed
in 1998 (0.1%), but there was no record of this category
of the variable in 2002, 2008 and 2010.

DISCUSSION

In the classic, 20™ century studies of dental fluorosis, the
link between dental fluorosis and public water supplies
with high levels of fluoride was well-established.®
It was also from these studies that the correlation
between low levels of fluoride in the water and lower
prevalence of dental caries was discovered.® At almost
the same time as the concept of dental fluorosis was
scientifically consolidated, it was discovered that appro-
priate levels of fluoride in the tap water constituted an
important protection factor against dental caries. This
discovery radically changes public health intervention
strategies for preventing and controlling dental caries.
Throughout the 20% century, the use of fluoridated prod-
ucts increased, driven by the tap water and toothpastes.*

As using fluoride constituted an effective strategy, with
no damage to human health, technologies based on this
scientific evidence grew noticeably.?* Dental fluorosis,
the only undesirable side effect of using fluoride in
these public health strategies, took on, in this context,
an epidemiological pattern opposite to that described
by Dean in pioneering epidemiological studies on its
occurrence in communities exposed to one sole source,
with elevated levels of fluoride.5 Thus, bearing in mind
the new epidemiological pattern, modern use of the
expression “dental fluorosis” requires a description of
this health problem, according to the category. As at
the moment it is the “very mild” and “mild” categories
which predominate, it is necessary to clarify the signif-
icance of the occurrence of “moderate” and “severe”
cases in each context.’ This characteristics of dental
fluorosis, in its present manifestation in the context
of fluoride added to water and toothpaste, has called
into question its epidemiological relevance.®® Against
this background, especially in the West, scientifically
based objections to the use of fluoride in public health,
motivated by caution related to the possible occurrence
of moderate or severe dental fluorosis in proportions
relevant in terms of population, have practically ceased.
Thus, although 27.8% of the children examined in a
location in Brazil had some degree of dental fluorosis,
Peres et al? affirm that this was not a significant factor
in dissatisfaction with appearance.

The principal result of this study is that the trend of
prevalence of dental fluorosis in the city of S&o Paulo is
stable (Figure), with no elements to sustain the hypoth-
esis that prevalence is increasing. This result is similar
to that found in Salvador, in the first decade of the 21%
century, in which no trend for increased prevalence or
severity of dental fluorosis was found.*®However, these
findings differ from those in Porto Alegre and Arroio do
Tigre, in Rio Grande do Sul, where a prevalence was
found to have increased from 7.7% to 32.6% and from
0.0% to 29.7% respectively, between 1987 and 1997.1

Moreover, in this study, the “very mild” and “mild”
categories prevailed, a situation compatible with iatro-
genic endemic fluorosis,'” which is characterized by
the aesthetics and function of the affected teeth being
uncompromised. The population characteristic of this
type of fluorosis, which affects a large number of indi-
viduals simultaneously, also differs from typical iatro-
genic dental fluorosis, as it is caused by inappropriate
fluoride intake by of one or more products containing
fluoride by a single individual.* Although they did not
qualify it in this way, Cury & Usberti®report a typical
case of iatrogenic dental fluorosis in Brazil, in the
municipality of Piracicaba. Fejerskov et al’mention this
type of dental fluorosis, which they call “idiopathic”,
the occurrence of which is verified without “apparent
history of significant exposure to fluoride”. The authors
admit that this type is “extremely rare”.

Incidentally, two aspects of the occurrence of
“moderate” cases of fluorosis, in contexts in which there
was no prolonged exposure to high levels of fluoride
in wide-reaching collective vehicles (e.g. in tap water),
are worth noting. The first concerns the variability of
the individuals with regards use of products containing
fluoride, as a consequence of incorrect prescriptions
or other factors which could lead them to prolonged
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Figure. Prevalence of dental fluorosis and 95% confidence
intervals in 12-year-old children. Municipality of Sdo Paulo,
Southeastern Brazil, 1998, 2002, 2008 and 2010.
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Table. Number and percentage of 12-year-olds according to degree of dental fluorosis. Municipality of Sao Paulo, Southeastern

Brazil, 1998, 2002, 2008 and 2010.

Degree’ 1998 2002 2008 2010
n % n % n % n %
Normal 56 44.7 131 52.6 2,052 50.2 108 46.7
95%Cl 36.4;,53.5 46.4;58.7 48.7;51.8 40.4;53.2
Questionable 14 11.5 34 13.7 387 9.5 35 15.2
95%Cl 6.8;,17.9 9.9;18.5 8.6;10.4 11.1;20.3
Very mild 36 28.7 62 24.9 1,218 29.8 67 29.0
95%Cl 21.6;37.3 19.9;30.6 28.4;31.2 23.5;35.2
Mild 12 9.8 18 7.2 335 8.2 17 7.4
95%Cl 5.6;,16.0 4.6;11.1 7.4;,9.1 4.7,11.5
Moderate 6 4.9 4 1.6 93 2.3 4 1.7
95%ClI 2.2;10.1 0.6;4.1 1.9;2.8 0.7;4.4

2Only one case was recorded in the “severe” category, in 1998

exposure to inappropriate levels. In a meta-analysis
study covering research published in England between
1966 and 1997, it was highlighted that the use of fluo-
ride supplements in communities without access to
fluoridated water, during the first six years of life, is
associated with a significantly increased risk of devel-
oping dental fluorosis.® The second aspect is concerned
with the difficulties involved in epidemiological
population based research. In such studies, it is recog-
nized that many “cases” of dental fluorosis (including
“moderate” and “severe” cases) may have been false
positives, given the difficulties in adequately calibrating
the examiners, due to the high level of subjectivity of
the indices, even those used in population surveys. Add
to this the fact that defects and opacities in the enamel
are often recorded as dental fluorosis when they are,
effectively, no such thing. The improper inclusion of
such cases of false positives constitutes a significant
error in many epidemiological studies of fluorosis,
conducted without proper planning.

Thus, itis necessary to consider the practical difficulties
observed in epidemiological studies of dental fluorosis,
related to the problem of diagnosis. Differentiating
cases of fluorosis from other cases in which changes
occur in the enamel which are not related to fluorosis
will always be a challenge for examiners, leading to
recording false positive cases. Among these alterations
are: white patches due to dental caries, hypoplasia of
the enamel, amelogenesis imperfecta, dentinogenesis
imperfect and tetracycline stains. This means that
researchers and analysts should draw their conclu-
sions prudently and cautiously, as the results are often
“contaminated” by incorrect figures. This is a signifi-
cant limitation to the data used in this study. Another
relevant limitation concerns the number of individuals
examined in the surveys used in the analysis, which
oscillated at the four points in time and resulted in
sampling plans which differed from each other.

However, even when only the descriptive epidemiolog-
ical resources and the limits mentioned are considered,
the results shown in this article show the differences in
prevalence and severity of dental fluorosis in Sdo Paulo
compared with the classic epidemiological pattern.

Moreover, in order for socially acceptable levels of
iatrogenic dental fluorosis to be tolerated, ethically
and aesthetically (ethical acceptance of the problem is
included given the ethics of public health),* it is essen-
tial that monitoring activities take place, controlling
the level of fluoride which products contain, as well
as epidemiological monitoring, controlling the number
and types of cases in the population. Such double
monitoring falls to the sanitation authorities, which are
recommended, before confirming fluorosis, to identify
the type, whether “endemic chronic” or “iatrogenic
endemic” and to then adopt the measures appropriate
to the type.2

One objection which could be made against this
study is concerned with the use of secondary data. As
mentioned, these data were produced in epidemiolog-
ical surveys which had different sampling plans, due
to the different objectives for which they were carried
out. The sample sizes differed markedly, varying from
125 oral examinations in 1998 to 4,085 in 2008. It could
be argued that these samples were “small” in 1998 and
“large” in 2008. However, these disparate samples in
the four surveys produced population estimates which
were statistically the same. In addition, it should be
considered that 21 comparisons were made, not just
two or three, and no differences were observed. If
this had not been the case, the analysis would indi-
cate statistically significant differences in at least one
comparison, and therefore, these different sample
sizes would require caution and close attention to the
conclusions drawn from data with this origin. In this
case it is recognized that any limitations of the study
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derived from the heterogeneity of the samples, although
relevant in statistical terms, may not compromise the
conclusions in essential terms. Moreover, it should be
borne in mind that such heterogeneity is characteristic
of studies of this type, which evaluate secondary data
produced from different surveys, as, in such contexts,
sampling plans are rarely the same or even similar.
Therefore, it needs to be recognized that comparisons
refer to estimates of population parameters, both for
points and for confidence intervals. Thus, it can be

REFERENCES

1. Burt BA. The changing patterns of systemic fluoride
intake. / Dent Res.1992;71(5):1228-37.

2. Cangussu MCT, Narvai PC, Castellanos Fernandez
R, Djehizian V. A fluorose dentéria no Brasil: uma
revisao critica. Cad Saude Publica.2002;18(1):7-15.
DOI:10.1590/S0102-311X2002000100002

3. Centers for Disease Control and Prevention.
Achievements in public health, 1900-1999:
fluoridation of drinking water to prevent dental caries.
MMWR Morb Mortal Wkly Rep. 1999;48(41):933-40.

4. Chavassieux P, Meunier PJ. Bénéfices et risques des
apports fluorés. Arch Pediatr. 1995;2(6):568-72.
DOI:10.1016/0929-693X(96)81203-6

5. Cury JA, Usberti AC. Fluorose dental na regido de
Piracicaba: diagndstico clinico-laboratorial. Rev Assoc
Paul Cir Dent. 1982;36(3):276-7.

6. Dean HT. Chronic endemic dental fluorosis (mottled
enamel). / Am Med Assoc. 1936;107(16):1269-72.

7. Fejerskov O, Manji F, BaelumV, Moller 1J.Dental
fluorosis:a handbook for health workers. Copenhagen:
Munksgaard International Publishers; 1989.

8. Frazao P, Peverari AC, Forni TIB, Mota AG, Costa LR.
Fluorose dentdria: comparagao de dois estudos de
prevaléncia. Cad Saude Publica. 2004;20(4):1050-8.
DOI:10.1590/50102-311X2004000400020

9. Ismail Al, Bandekar RR. Fluoride supplements and
fluorosis: a meta-analysis. Community Dent Oral
Epidemiol.1999;27(1):48-56.

10. Kalamatianos PA, Narvai PC. Aspectos éticos
do uso de produtos fluorados no Brasil: uma
visdo dos formuladores de politicas pdblicas de
satde. Cienc Saude Coletiva. 2006;11(1):63-9.
DOI:10.1590/51413-81232006000100013

11. Maltz M, Silva BB, Schaeffer A, Farias C. Prevaléncia
de fluorose em duas cidades brasileiras, uma com
agua artificialmente fluoretada e outra com baixo teor
de fldor, em 1987 e 1997/98. Rev Fac Odontol Porto
Alegre. 2000;42(2):51-5.

12. Menezes LMB, Sousa MLR, Rodrigues LKA,
Cury JA. Autopercepcao da fluorose pela
exposicao a fldor pela dgua e dentifricio.
Rev Saude Publica. 2002;36(6):752-4.
DOI:10.1590/50034-89102002000700015

13. Moysés SJ, Moysés ST, Allegretti ACV, Argenta M,
Werneck R. Fluorose dental: ficcdo epidemiolégica?

stated that the samples are, more often than not, limita-
tions in studies of this type in which analyses of trends
are used based on population estimates produced from
two or more cross-sectional studies, and is not unique
to this analysis. For this reason, in light of the results
analyzed in this study, it seems valid to recognize that
the prevalence of dental fluorosis in children in Sao
Paulo can be classified as stable between 1988 and
2010, overall and when considering only its “mild”
and “very mild” manifestations.

Rev Panam Salud Publica. 2002;12(5):339-46.
DOI:10.1590/51020-49892002001 100008

14. Narvai PC, Antunes JLF, Moysés SJ, Frazao P,
Peres MA, Peres KG, et al. Validade cientifica
de conhecimento epidemioldgico gerado
com base no estudo Sadde Bucal Brasil 2003.
Cad Saude Publica. 2010;26(4):647-70.
DOI:10.1590/50102-311X2010000400002

15. Narvai PC, Bighetti Tl. Fluorose dentdria: aspectos
epidemioldgicos de vigilancia a sadde In: Pinto VG.
Satdde bucal coletiva. 5.ed. Sdo Paulo: Editora Santos;
2008. p.228-43.

16. Narvai PC. Cdrie dentdria e flGor: uma relagdo do
século XX. Cienc Saude Coletiva. 2000;5(2):381-92.
DOI:10.1590/S1413-81232000000200011

17. Narvai PC. Fluorose dentaria iatrogénica endémica.
Rev Bras Epidemiol. 2002;5(SuplEspec):387.

18. Oliveira Junior SR, Cangussu MCT, Lopes LS,
Soares AP, Ribeiro AA, Fonseca LA. Fluorose
dentaria em escolares de 12 e 15 anos de
idade, Salvador, Bahia, Brasil, nos anos 2001 e
2004. Cad Saude Publica. 2006;22(6):1201-6.
DOI:10.1590/S0102-311X2006000600009

19. Pereira AC, Cunha FL, Meneghim MC, Werner CW.
Dental caries and fluorosis prevalence study in a
nonfluoridated Brazilian community: trend analysis
and toothpaste association. ASDC J Dent Child.
2000;67(2):132-5, 83.

20. Peres KG, Latorre MRDO, Peres MA, Traebert
J, Panizzi M. Impacto da carie e da fluorose
dentdria na satisfagdo com a aparéncia e
com a mastigagdo de criancas de 12 anos de
idade. Cad Saude Publica. 2003;19(1):323-30.
DOI:10.1590/S0102-311X2003000100037

21. Petersen PE, Lennon MA. Effective use of fluorides
for the prevention of dental caries in the 21st
century: the WHO approach. Community
Dent Oral Epidemiol. 2004;32(5):319-21.
DOI:10.1111/j.1600-0528.2004.00175.x

22. Ricomini-Filho AP, Tenuta LMA, Fernandes FSF, Calvo
AFB, Kusano SC, Cury JA. Fluoride concentration
in the top-selling Brazilian toothpastes purchased
at different regions. Braz Dent J. 2012;23(1):45-8.
DOI:10.1590/S0103-64402012000100008

23. Rigo L, Caldas Junior AF, Souza EA, Abegg
C, Lodi L. Estudo sobre a fluorose dentaria



6 Dental fluorosis in Sao Paulo  Narvai PC et al

num municipio do sul do Brasil. Cienc Cad Saude Publica. 2012;28(Supl):S40-57.
Saude Coletiva. 2010;15(Supl 1):1439-48. DOI:10.1590/S0102-311X2012001300006

DOI:10.1590/S1413-81232010000700 055
25. Sampaio FC, Ramm von der Fehr F, Arneherg P,

24. Roncalli AG, Silva NN, Nascimento AC, Freitas Petrucci Gigante D, Hatloy A. Dental fluorosis
CHSM, Casotti E, Peres KG et al. Aspectos and nutritional status of 6 to 11-year-old children
metodoldgicos do Projeto SB Brasil 2010 de living in rural areas of Paraiba, Brazil. Caries
interesse para inquéritos nacionais de sadde. Res.1999;33(1):66-73.

The Pesquisa Nacional de Satide Bucal 2010 (SBBrasil 2010, Brazilian Oral Health Survey) was financed by the General
Coordination of Oral Health/Brazilian Ministry of Health (COSAB/MS), through the Centro Colaborador do Ministério da
Satide em Vigilancia da Satde Bucal, Faculdade de Satide Pdblica at Universidade de Sao Paulo (CECOL/USP), process
no. 750398/2010.

This article underwent the peer review process adopted for any other manuscript submitted to this journal, with anonymity
guaranteed for both authors and reviewers. Editors and reviewers declare that there are no conflicts of interest that could
affect their judgment with respect to this article.

The authors declare that there are no conflicts of interests.



