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ABSTRACT
Objective: This study investigates the association between the prevalence and severity of dental fluor-
osis, the socio-economic status (SES) and area of residence among 12-year-old schoolchildren
in Uruguay.
Material and methods: The study was descriptive, cross-sectional, explanatory and observational.
Subjects considered eligible were born in 1999 and had their parents’ or guardian’s prior consent. A
questionnaire was used to identify SES according to Centro de Investigaciones Econ�omicas Institute
on four levels. Dental fluorosis was determined using the Thylstrup–Fejerskov (TF) index.
Results: Of the 1544 students examined, 45.0% showed dental fluorosis. A TF index 1–2 was recorded
in 29.3% of the subjects, TF 3 in 20.9%, TF 4 in 6.7% and TF 5–9 in 2.1%. In area 1 (the capital
Montevideo city), 84.8% of the subjects had dental fluorosis, a value that was significantly higher than
in the inland region (area 2, 24.4%) and border departments (area 3, 22.5%) (x2¼ 27.92, p< .0001).
Students from families with a low socio-economic level showed less prevalence of dental fluorosis
than those with a high level (x2¼ 14.58, p¼ .002).
Conclusion: Significant differences exist in the prevalence of dental fluorosis in relation to place of
residence and socio-economic level.
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Introduction

Fluoride has proven to be an effective agent for the control
of dental caries for over five decades. During this period,
fluoride has been increasingly available for populations with
and without fluoridated drinking water in toothpastes,
mouthwashes, carbonated beverages and infant formulas, as
well as in professional dental products. Salt fluoridation,
which has cariostatic potential similar to water fluoridation
[1], was introduced in Uruguay in 1991 for combatting dental
caries and can be another source of fluoride exposition in
early childhood. At that time, the concentration of fluoride in
public drinking water was studied, and the limit above which
fluoridated salt should not be distributed was set at 0.6 ppm.
Five places had water that was already naturally fluoridated
at levels that did not allow for more fluoridation and thus
were excluded from the sale of fluoridated salt.

The decline in the prevalence of dental caries as a result
of the widespread use of fluoride has led to an increase in
the prevalence of dental fluorosis [2] and may be considered
to be a public health issue depending on how severely it
affects a subject. The increase in mild and very mild forms of
fluorosis is proportionally higher in non-fluoridated areas

than in fluoridated areas due to increased ingestion of mul-
tiple available sources of fluoride [3].

Studies on dental fluorosis have not been carried out in
Uruguay. Therefore, the aim of this study was to investigate
the prevalence and severity of dental fluorosis across the
country and in relation to socio-economic status (SES)
among 12-year-old schoolchildren in urban areas of Uruguay.

Materials and methods

Subjects

A descriptive, cross-sectional, explanatory and observational
study of 12-year-old schoolchildren in public and private
Uruguayan primary schools was carried out. Schools were
randomly selected from the urban areas using random
weighted sampling according to the population value. Urban
areas were considered to be areas with more than 5000
inhabitants. The subject sample was stratified according to
three geographic areas. Montevideo, the most densely popu-
lated department, was established as area 1; area 2 was
made up of the 14 departments not sharing a land border
with Brazil, excluding Montevideo; and area 3 included the
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four departments sharing a land border with Brazil. The
inclusion criteria were that the student subjects who were
born in 1999 had to be born and raised in the area, provide
a written informed consent form signed by a parent or
guardian and be present at the time of the survey. Children
were excluded if they refused to participate, did not have
the written consent of the parents or guardians for the oral
examination to be conducted or had fixed orthodontic devi-
ces. The final sample size was calculated to make estimates
with a 95% confidence interval (CI) and with a non-participa-
tion rate of 30%. In total, 1544 12-year-old school pupils
from 42 schools (35 public and 7 private) were invited to
participate in the study representing all departments in the
country. The study was evaluated and approved by the
Ethics Committee of the School of Dentistry at the University
of the Republic Uruguay (UDELAR), number FO001512-10.

Clinical assessment

Four calibrated dentists, one dentist per child, examined the
children for dental fluorosis at the school with the students
in a supine position. Prior to the clinical examination, profes-
sional brushing and flossing were done by a dental hygienist.
Cotton rolls were used to control moisture, and gauze pads
were used to dry dental surfaces. After tooth cleaning and
drying, all buccal tooth surfaces on permanent teeth were
examined under artificial light for the presence and severity
of dental fluorosis using the Thylstrup–Fejerskov (TF) fluor-
osis index [4]. The TF index has 10 classes from 0 to 9
depending on the severity, from normal (TFI ¼ 0), mild (TFI
¼ 1–3), moderate (TFI ¼ 4–5) to severe (TFI ¼ 6–9). The
most severe TF value of symmetrical bilateral buccal surfaces
was recorded as the representative value of the subject.
Training and calibration in the use of the TF index had been
done before data collection began by assessing photo-
graphic images showing varying degrees of dental fluorosis.
An intraexaminer reproducibility assessment was conducted
through double examinations of five subjects at an interval
of one week. The intraexaminer Cohen’s kappa coefficient for
dental fluorosis was 0.76 (range 0.71–0.82) and was consid-
ered as good according to Fleiss’ guide [5].

The socio-economic status

A questionnaire was used to identify the SES of the families
of the students using the index of socio-economic level
(INSE) presented by the Centro de Investigaciones
Econ�omicas (CINVE) Institute as an independent variable.
This SES indicator is used for market research and public
opinion and is a numerical scale that allows socio-economic

stratification. The SES indicator is a summarized version of
nine variables: (1) the occupation of the head of household;
(2) the level of education (at least one person holding a
higher-education qualification); (3) the number of employed
persons in the household; (4) the number of bathrooms in
the house; (5) whether the household employs domestic
help; and (6) whether the household has a fridge-freezer, (7)
a colour TV, (8) a car or (9) an international credit card. In
this study, four SES levels were used: class 1 (high), 2 (upper
middle), 3 (middle) and 4 (low).

Statistical analysis

The chi-square test and Mann–Whitney U test were used to
analyze the prevalence of dental fluorosis and the independ-
ent variables. Intervals for the mean were calculated with a
confidence level of 95%. A difference was considered to be
statistically significant for p-values <.05 or if the confidence
intervals did not overlap. All analyses were performed using
IBM SPSS statistics software version 19 (Chicago, IL, USA).

Results

Of the 1544 adolescents examined, 849 (55%) showed no
dental fluorosis, whereas 695 (45%) had some degree of
fluorosis (Table 1). The area most affected was Montevideo,
with a prevalence of fluorosis of 84.8%. In the inland areas
and in the departments bordering Brazil (areas 2 and 3), the
prevalence was approximately 3 times lower (25.1% and
25.1%, respectively). The average severity of the dental fluor-
osis score (TF) in area 1 was 1.22 (CI 95% 1.15–1.30); in area
2, 0.38 (CI 95% 0.34–0.43); and in area 3, 0.42 (CI 95%
0.30–0.54). The differences in the TF scores between area 1
compared with areas 2 and 3 were statistically significant (p
< .0001 Mann–Whitney U Test).

In the Montevideo area, 81.3% of the children had a TF
score of 1 or 2 (Table 2). In the inland and border depart-
ments (areas 2 and 3), the frequencies of a TF score of 1 or 2
were significantly lower at 24.4% and 22.5%, respectively
(x2¼ 27.92, p< .0001). TF scores of 3 or 4 were observed
mostly in areas 1 and 3 compared to area 2 (2.5% and 2.6%
compared with 0.7%). The highest severity of fluorosis (TF
scores 5–9) was observed in Montevideo in 1% of
the subjects.

Among the SES, the severity of fluorosis according to the
TF score was higher among the children with high SE values
(class 1; 59.7%) than in class 4, where 57.5% displayed no
fluorosis (Table 2). The difference of 17.2% in the frequency
of no fluorosis between SE classes 1 and 4 was statistically
significant (x2¼ 14.58, p¼ .002). In the inland area of the
country (area 2), there was a 4–5 times higher percentage of
children in all SES classes with no dental fluorosis compared
with children in both areas 1 and 3 (Table 3).

Canelones in the inland area along the coast can be con-
sidered to be part of the Montevideo area, as many
Uruguayans have moved there. Therefore, these two neigh-
bouring departments were combined and analyzed statistic-
ally. It was observed that 67.4% of the children in the

Table 1. Prevalence of dental fluorosis in the different geographic areas of
Uruguay (number of subjects and percentage).

Geographic area

Fluorosis No. of subjects Montevideo (1) Inland (2) Border departments (3)

No 849 (55%) 78 (15.2%) 631 (75.0%) 140 (74.9%)
Yes 695 (45%) 436 (84.8%) 211 (25.1%) 47 (25.1%)
Total 1544 514 (33.3%) 842 (54.6%) 187 (12.1%)
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combined area had dental fluorosis, while in the Inland and
Border departments, 81.1% of those examined did not have
dental fluorosis. A statistically significant association between
high levels of fluorosis and living in the area of Canelones
and Montevideo was observed (p< .0001) (Table 4).

Discussion

This study found that overall 45% of 12-year-old Uruguayan
children showed signs of dental fluorosis. This finding is in
line with studies from some other developed countries. In a
study from a non-water-fluoridated city in Sweden, the
prevalence of fluorosis was 49% in children 7–9 years of age
[6]. In 10 to 15-year-old schoolchildren in Brazil, the preva-
lence of fluorosis was 48.5% [7]. Other studies using Dean’s
criteria for fluorosis instead of the TF index show that the
prevalence of dental fluorosis in the USA was 40.7% among
adolescents aged 12–15 years in a 1999–2004 survey [8]. A
study from Mexico City reported that 59% of participants
aged 10–12 showed dental fluorosis [9].

The prevalence of fluorosis was not similar when examin-
ing 47 schools across the country. Montevideo, the capital,
was the area with the highest prevalence, where 85% of the
children had some degree of fluorosis. The coastal area of
Canelones, the neighbouring department of Montevideo to
the east, has been increasingly populated by Uruguayans
who have moved to this area from their Montevideo homes.
It is therefore interesting to note that even if the neighbour-
ing district of Canelones were included, the combined area
showed a high percentage of children having fluorosis (67%),
further indicating a significant association between high lev-
els of fluorosis and living in this area (Table 4). The high
prevalence differed significantly from the inland and border
department areas, where approximately 25% were affected
by fluorosis. This low prevalence of fluorosis is in accordance
with results from many countries in Europe [10].

Most of the children in all areas exhibited mild or very
mild signs of fluorosis (TF 1 and 2), levels which appear to
have little effect on children’s oral health-related quality of

life [11,12]. At these acceptable levels of fluorosis, the bene-
fits of lower caries prevalence using fluoride may outweigh
the mild signs of fluorosis. Cleaning and especially drying of
the teeth before the examination as recommended when
using the TF index may partly explain the high prevalence of
very mild fluorosis (TF 1) and made the fluorosis more appar-
ent and indicative of early biological changes. At higher TF
scores (TF 3 and higher), the occurrence of dental fluorosis
can cause aesthetic problems to the patient and be of appre-
ciable parental concern [13]. The prevalence of fluorosis with
aesthetic concern was 3.5% in Montevideo, whereas in the
inland districts it was only 0.7%. In Montevideo, 1% of the
children had severe forms of fluorosis (TF scores 5–9), sug-
gesting an excessive ingestion of fluoride during tooth
development.

There is no water fluoridation in Uruguay except in some
places with natural fluoride in the water, which were not
included in this study. Thus, the children were not exposed
to fluoridated water in their first 3–4 years of life which is
the critical period of tooth development when high ingestion
of fluoride will increase the risk of fluorosis. Instead, other
sources of fluoride are available, e.g. fluoride toothpastes, flu-
oridated salt and fluoride supplements. Greater use of dental
care products has been suggested as a possible reason for
the higher prevalence of fluorosis [2]. Several studies have
demonstrated that standard fluoride toothpastes are the
main contributor to the total intake of fluoride in young chil-
dren [14,15] and that swallowing toothpaste is associated
with an increased risk of fluorosis [16]. Even toothpastes with
low contents of fluoride may result in a certain level of fluor-
osis [17]. Some studies have shown that 60–70% of the
toothpaste applied to the toothbrush is swallowed uninten-
tionally by preschool children [18,19]. In 1991, fluoridated
salt was introduced in Uruguay for combatting dental caries,
as this distribution form of fluoride has shown 44–84%
reduction in caries in countries such as Mexico and Jamaica
[1]. Fluoridated salt has since been available on the market

Table 2. Distribution of dental fluorosis score (TF) in the three areas and in the four SES groups (number of subjects and percentage).

Area Socioeconomic status (SES)

TFa Montevideo Inland Border departments 1 2 3 4

0 78 (15.2) 631 (75.0) 140 (74.9) 15 (40.3) 62 (43.4) 177 (53.8) 595 (57.5)
1 278 (54.0) 107 (12.7) 25 (13.1) 14 (38.5) 51 (35.2) 93 (28.4) 251 (24.2)
2 141 (27.3) 98 (11.7) 18 (9.4) 8 (21.2) 29 (20.2) 53 (16.0) 167 (16.1)
3 12 (2.3) 4 (0.5) 2 (1.1) 0 (0.0) 2 (1.2) 4 (1.1) 13 (1.2)
4 1 (0.2) 2 (0.2) 3 (1.5) 0 (0.0) 0 (0.0) 0 (0.0) 5 (0.5)
5–9 5 (1.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.6) 4 (0.4)
a0¼ no fluorosis; 1–3¼mild; 4–5¼moderate; 6–9¼ severe.

Table 3. Children with no fluorosis in the three geographic areas in relation
to SES (number of subjects and percentage).

Socioeconomic status (SES)a

Geographic area 1 2 3 4

Montevideo 3 (17.0) 3 (12.4) 28 (16.0) 39 (6.6)
Inland 10 (69.2) 46 (73.7) 127 (72.1) 447 (75.2)
Border departments 2 (13.8) 9 (13.9) 21 (11.9) 108 (18.2)
aClass 1 (high); 2 (upper middle); 3 (middle); 4 (low).

Table 4. Distribution of dental fluorosis score (TF) in the combined depart-
ments of Montevideo and Canelones in relation to the inland and border
departments (number of subjects and percentage).

Geographic area

TFa Montevideo/Canelones Inland/Border departments

0 270 (32.6) 579 (81.1)
1 330 (39.8) 79 (11.1)
2 207 (25.0) 49 (6.9)
3 16 (1.9) 2 (0.3)
4 1 (0.1) 5 (0.7)
5–9 5 (0.6) 0 (0.0)
a0¼ no fluorosis; 1–3¼mild; 4–5¼moderate; 6–9¼ severe.
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and can be one source of fluoride exposition in early child-
hood. To what extent fluoridated salt can contribute to fluor-
osis is not fully known, but this possibility gains support
from a study in Mexico, in which dental fluorosis was exam-
ined in 6- to 12-year-old children born after the implementa-
tion of a salt fluoridation programme in 1991 [20]. This study
showed that 51.9% of the children had fluorosis, a propor-
tion similar to the prevalence in our study. In addition to
reporting a close relationship between exposure to tooth-
paste and dental fluorosis, they found that the fluoridated
salt programme greatly increased the risk.

It is worth noting that the occurrence of dental caries has
declined in Uruguay [21,22] due to the increased use of
fluoride and to the implementation of dental caries preven-
tion programmes in schools (Programa de Salud Bucal
Escolar) through various measures including promoting of
frequent use of fluoride at different concentrations. The
incorporation of these programmes has brought benefits,
but dental fluorosis also has begun to be detected in the
country. The same trend has also been reported in other
countries [9,23,24]. Although dental caries has declined in
many countries, they are still a substantial problem for a rela-
tively small segment of the population, a group that is over-
represented by individuals from lower socio-economic
classes [25].

The present study demonstrated that dental fluorosis was
related to the SES of the families. The prevalence of fluorosis
was significantly higher among children from SES class 1
than from class 4. This observation is similar to findings by
Tabari et al. [2] and Tavener et al. [26] who reported that
higher SES status was significantly associated with fluorosis.
Additionally, Conway et al. [6] found that SES status and
especially the educational level of the parents were the only
factors relating to dental fluorosis in 7- to 9-year-old children
living in a non-fluoridating city in Sweden. The importance
of the educational level of the parents is also supported by
studies showing that children of mothers with higher educa-
tion levels were more likely to brush their teeth with fluoride
toothpaste and to brush more frequently [27]. In the present
study, there were 4–5 times more children in all SES classes
with no fluorosis in the inland districts compared with the
metropolitan area of Montevideo and the border depart-
ments. The reason why more adolescents in the lower socio-
economic classes did not have fluorosis might be that they
have less access to the fluoridated products being sold on
the market to prevent dental caries.

Some limitations of this study need to be addressed. The
prevalence of fluorosis was examined only in urban areas
with more than 5000 inhabitants. Therefore, the situation in
less-populated areas is not known. According to the TF
index, the most severe TF value of symmetrical bilateral buc-
cal tooth surfaces was recorded as representative of the sub-
ject. The maxillary incisors are generally the most affected
teeth [4]. This may, however, give an underrepresentation of
the magnitude of fluorosis in the dentition when many teeth
are affected, especially the later-erupting permanent canines,
premolars and second molars, which are susceptible to
excessive ingestion of fluoride from 3 to 6 years of age. We

did not collect information on other risk factors that could
have had an impact on the fluorosis, such as the use
of infant formulas, beverages and oral hygiene habits.
The strengths of the study are, first, the high number of chil-
dren examined, who represented 3% of the total number of
12-year-old children in the country; second, the schools they
belonged to represented all departments, with one-third
from the Montevideo area and two-thirds from the inland
and border departments, thus giving a good picture of the
prevalence of fluorosis in the country; and third, the children
had lived their whole life in the community and were there-
fore representative of the area.

Dental fluorosis in the areas studied does not currently
constitute a public health concern, except in subjects with
moderate to severe fluorosis. It is, however, important to
control the fluoride ingestion during the period up to six
years of age and to identify associated risk factors and vari-
ous sources of fluoride that may have an effect on the condi-
tion. It is also important to detect the problem early,
especially during the primary dentition stage, to avoid the
risk of fluorosis in permanent dentition. In recommended
doses, fluoride is considered to be safe in addition to being
effective in preventing caries.

Acknowledgements

The authors wish to thank the school principals, teachers, parents and
students for their collaboration in the present study.

Disclosure statement

The authors declare no potential conflicts of interest with respect to the
authorship and/or publication of this article.

Funding

This study received the support and collaboration of the School of
Dentistry at the University of the Republic, the Uruguayan Ministry of
Public Health and the Uruguayan National Primary Education Authority.

References

[1] Marthaler TM. Salt fluoridation and oral health. Acta Med Acad.
2013;42:140–155.

[2] Tabari ED, Ellwood R, Rugg-Gunn AJ, et al. Dental fluorosis in per-
manent incisor teeth in relation to water fluoridation, social
deprivation and toothpaste use in infancy. Br Dent J. 2000;189:
216–220.

[3] Pendrys DG, Stamm JW. Relationship of total fluoride intake to
beneficial effects and enamel fluorosis. J Dent Res. 1990;69:
529–538.

[4] Thylstrup A, Fejerskov O. Clinical appearance and surface distribu-
tion of dental fluorosis in permanent teeth in relation to histo-
logical change. Commun Dent Oral Epidemiol. 1978;6:315–328.

[5] Fleiss JL. 1981. Statistical methods for rates and proportions. 2nd
ed. New York (NY): John Wiley & Sons, Inc.

[6] Conway DI, MacPherson LMD, Stephen KW, et al. Prevalence of
dental fluorosis in children from non-water-fluoridated Halmstad,
Sweden: fluoride toothpaste uses in infancy. Acta Odontol Scand.
2005;63:56–63.

ACTA ODONTOLOGICA SCANDINAVICA 29



[7] Aim�ee NR, van Wijk AJ, Maltz M, et al. Dental caries, fluorosis,
oral health determinants, and quality of life in adolescents. Clin
Oral Investig. 2017;21:1811–1820.

[8] Beltr�an Aguilar ED, Barker L, Dye BA. Prevalence and severity of
dental fluorosis in the United States, 1999–2004. NCHS Data Brief.
2010;53:1–8.

[9] Molina-Frechero N, Gaona E, Angulo M, et al. Fluoride exposure
effects and dental fluorosis in children in Mexico City. Med Sci
Monit. 2015;21:3664–3670.

[10] Whelton H, Crowley E, O’Mullane D, et al. Dental caries and
enamel fluorosis among the fluoridated population in the
Republic of Ireland and nonfluoridated population in Northern
Ireland in 2002. Commun Dent Health. 2006;23:37–43.

[11] Chankanka O, Levy SM, Warren JJ, et al. A literature review of
aesthetic perceptions of dental fluorosis and relationships with
psychosocial aspects/oral health-related quality of life. Commun
Dent Oral Epidemiol. 2010;38:97–109.

[12] Browne D, Whelton H, O’Mullane D, et al. The aesthetic impact of
enamel fluorosis on Irish adolescents. Commun Dent Oral
Epidemiol. 2011;39:127–136.

[13] Sigurj�ons H, Cochran JA, Ketley CE, et al. Parental perception of
fluorosis among 8-year-old children living in three communities
in Iceland, Ireland and England. Commun Dent Oral Epidemiol.
2004;32:34–38.

[14] Mascarenhas AK. Risk factors for dental fluorosis: a review of the
recent literature. Pediatr Dent. 2000;22:269–277.

[15] Wong MC, Glenny AM, Tsang BW, et al. Topical fluoride as a
cause of dental fluorosis in children. Cochrane Database Syst Rev.
2010;1:CD007693.

[16] Levy SM, Broffitt B, Marshall TA, et al. Associations between fluor-
osis of permanent incisors and fluoride intake from infant for-
mula, other dietary sources and dentifrice during early childhood.
J Am Dent Assoc. 2010;141:1190–1201.

[17] Santos APP, Oliveira BH, Nadanovsky P. Effects of low and stand-
ard fluoride toothpastes on caries and fluorosis: systematic review
and meta-analysis. Caries Res. 2013;47:382–390.

[18] Cochran JA, Ketley CE, Duckworth RM, et al. Development of a
standardized method for comparing fluoride ingested from
toothpaste by 1.5–3.5-year-old children in seven European coun-
tries. Part 2. Ingestion results. Commun Dent Oral Epidemiol.
2004;32:47–53.

[19] Moraes SM, Pessan JP, Ramires I, et al. Fluoride intake from regu-
lar and low fluoride dentifrices by 2–3-year-old children: influence
of the dentifrice flavor. Braz Oral Res. 2007;21:234–240.

[20] Vallejos-S�anchez AA, Medina-Sol�ıs CE, Casanova-Rosado JF, et al.
Dental fluorosis in cohorts born before, during, and after the
national salt fluoridation program in a community in Mexico.
Acta Odontol Scand. 2006;64:209–213.

[21] Angulo M, Pivel L, Zinemanas E, et al. Dental caries and microbial
and salivary conditions in Uruguayan children from two different
socioeconomic areas. Acta Odontol Scand. 1994;52:377–383.

[22] Fabruccini A, Alves LS, Alvarez L, et al. Comparative effectiveness
of water and salt community-based fluoridation methods in pre-
venting dental caries among schoolchildren. Commun Dent Oral
Epidemiol. 2016;44:577–585.

[23] Barbachan e Silva B, Maltz M. Prevalence of dental caries, gingi-
vitis, and fluorosis in 12-year-old students from Porto Alegre –
RS, Brazil, 1998/1999. Pesqui Odontol Bras. 2001;15:208–214.

[24] Mascarenhas AK, Mashabi S. High fluoride concentration in drink-
ing water may increase the prevalence and severity of dental
fluorosis, and decrease occurrence of caries. J Evid Based Dent
Pract. 2008;8:15–16.

[25] Schwendicke F, D€orfer CE, Schlattmann P, et al. Socioeconomic
inequality and caries: a systematic review and meta-analysis. J
Dent Res. 2015;94:10–18.

[26] Tavener JA, Davies GM, Davies RM, et al. The prevalence and
severity of fluorosis in children who received toothpaste contain-
ing either 440 or 1,450 ppm F from the age of 12 months in
deprived and less deprived communities. Caries Res. 2006;40:
66–72.

[27] Vallejos-S�anchez AA, Medina-Solis CE, Maupom�e G, et al.
Sociobehavioral factors influencing toothbrushing frequency
among schoolchildren. J Am Dent Assoc. 2008;139:743–749.

30 M. ANGULO ET AL.


	Abstract
	Introduction
	Materials and methods
	Subjects
	Clinical assessment
	The socio-economic status
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Disclosure statement
	References


