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ABSTRACT: One of the most effective and studied measures in the prevention of caries is the use of fluoride, which
has the property to reduce their incidence and severity. In Chile, 75 % of the population receives it the drinking water. In
1984, WHO recommended the use of milk as an alternative vehicle. In Chile, the Fluoridated School Feeding Program
(FSFP) was introduced in 1994, using this alternative in rural areas without fluoride in water. The objective of the study was
to compare prevalence and severity of dental caries and dental fluorosis in 8-year-old children of four state schools: two with
fluoride supplementation in drinking water or milk and two without any fluoride program. Epidemiological, descriptive,
comparative, observational and cross-sectional study with a sample of 140 8-year-old children, with no systemic diseases
and who had lived in the same place since birth: 50 schoolchildren from an area with fluoridated water; 40 from an area with
fluoridated milk and 50 from a zone without supplementation of F. The percentage of caries-free children was obtained with
the methodology described by the WHO, for severity the dmft and DMFT indexes were used. To quantify the prevalence and
severity of dental fluorosis, Dean Index was used. 38 % of the children were caries-free in the community with fluoridated
water (CFW); 0 % in the community with fluoridated milk (FSFP) and 10 % in the community with no fluoride program
established (CNF). The difference between CFW with CNF is statistically significant (p<0.05). The prevalence of fluorosis is
significantly higher for CFW (48.8 %) than FSFP (35 %) and CNF (16 %). Conclusion: The contribution of fluoride in drinking
water causes a decrease in the prevalence and severity of dental caries in children of 8 years of age, and an increase in the
prevalence of dental fluorosis.
 

KEY WORDS: Dental caries; Fluorosis; Children; Fluoride supplementation.

INTRODUCTION
 

Dental caries is a multifactorial, polymicrobial,
localized and progressive disease that affects hard
tissues on teeth and constitutes a serious public
health issue in all countries, including developed ones
(Carounanidy & Sathyanarayanan, 2009; Quock,
2017; Zanella-Calzada et al., 2018). In Chile, this
pathology has the highest prevalence amongst
children and adolescents (Ministerio de Salud, 2010).
 

One of the most efficient and effective
measures studied in the prevention of caries is the
use of fluoride, which has the property of reducing
dental caries incidence and progression of incipient
lesions. WHO declared that it modifies enamel

structure and increases its resistance, decreasing
the risk of dental caries. For about 3 decades, fluoride
has been considered the key factor in the decline of
dental caries in both children and adults. The
incorporation of fluoride into drinking water began in
1945-46 in the USA and Canada (Yeung et al., 2007;
U.S.  Department of Health and Human Services Fe-
deral Panel on Community Water Fluoridation, 2015;
Iheozor-Ejiofor et al., 2015; McLaren et al., 2017).
Later in Latin America, several fluoridation programs
were implemented through water supply and added
to table salt. In Chile, water fluoridation is a process
that has been uninterruptedly applied since it was
implemented in some cities in 1953 and mostly
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spread in other cities in the country since 1984.
Currently, approximately 72 % of the national
population has fluoride artificially added into tap water
and in rural places where no tap water is available,
fluoride is provided though Fluoridated School
Feeding Program into milk (FSFP) (Romero et
al., 2017).
 

At the same time, some studies stated an
increase in prevalence of dental fluorosis. Enamel is
susceptible when its pre-eruptive maturation has not
been completed (Otten et al., 2006). Historically, a
predominance of very mild and mild forms of dental
fluorosis has been considered a minor consequence
in relation to the substantial protection against den-
tal caries by ingesting tap water with an optimum
concentration of fluoride, natural or adjusted (Otten
et al.; Hujoel et al., 2009; Do et al., 2014).
 

Currently, 83 % of the urban population has
access to fluoridated drinking water, corresponding
to 72 % of the total population. The Ministry of Health
indicates the optimum fluoride concentration that
water must contain in each region, in order to achieve
the caries prevention objectives, minimizing risks.
The optimal concentration ranges between 0.6 and
1.0 mg/L (Ministerio de Salud, 2008).  It is necessary
to know the current oral health situation in school
population and evaluate the systemic intake of this
element. The purpose of this work was to compare
the effect of fluoride ingested through water and milk
on the prevalence of caries and fluorosis in 8-year-
old schoolchildren in schools from communities with
fluoridated program in water (CFW) or milk (FSFP)
and with no fluoridation program (CNF).
 
 
MATERIAL AND METHOD
 

Study design and study population. It is an
observational, descriptive, comparative, cross-
sectional epidemiological study. The population
studied were 8-year-old children from a school in the
commune of Independencia, whose drinking water
is fluoridated since 1996 with 0.6 mg/L, from two
schools in the commune of Maipú, whose drinking
water is without fluoride and from a school in the
rural area of Pirque, whose students receive fluoride
through milk over FSFP. The schools are public
establishments belonging to the Metropolitan Region
and the selected communes have a similar
socioeconomic stratification (lower class).

A sample was drawn up for the convenience of
140 children in total, 50 children from CFW, 50 children
from CNF and 40 children from FSFP. All the children
selected were 8 years old and lived in the
corresponding school community, from birth. The
parents of the students accepted the participation of
the children in the project through an informed consent.
Inclusion criteria were 8 year-old healthy volunteers
from both sexes and residents from where they studied
since birth.
 

Prevalence and severity of dental caries and
dental fluorosis. Since these were children under mixed
dentition stage, the dmft index was used for temporary
dentition, and DMFT for permanent dentition to study
carious lesions.
 

Dean index was used to quantify the prevalence
and severity of dental fluorosis, using the 2 most
affected teeth, and classified from 0 to 5, which is also
the WHO recommended index for epidemiologic
studies (World Health Organization, 2013).
 

The examiner was subjected to calibration,
obtaining a Kappa inter index of 0.93 and intra of 0.87.
The exams were conducted in a classroom, placing
the child lying on a desk. The examiner was located at
the head of the child, a lamp on one side and the
working areas (“clean”, “dirty”, and “administrative”
areas) delimited with different chairs or desk tables.
The clinical file used was a modification of the clinical
record of the Oral Health Survey established by World
Health Organization (2013).
 

RESULTS
 

Caries-free children were 38 % in CFW; 0 % in
FSFP and 10 % in CNF. There is a statistically
significant difference between caries-free children in
CWF and those in CNF and between caries-free
children in CWF and children under FSFP (p<0.05)
(Table I). There was no statistically significant difference
in dmft index comparing CNF and FSFP, but there was
when comparing DMFT index between CNF and FSFP.
The average of sealed pieces in both dentitions is
higher in FSFP than in the other communities (p<0.05)
(Table II).
 

In Figure 1, it can be seen that the community
with fluoridated water (CFW) and the community under
fluoridated school feeding program (FSFP) have a
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higher percentage of children with some degree of dental fluorosis,
compared to the community with no fluoridated water (CNF). The
highest percentage of children with no signs of dental fluorosis
correlates to CNF, and compared to CFW, it has statistical
significance (p<0.05).
 
 
DISCUSSION
 

The results presented above show a considerable decrease
in the prevalence of caries for the group receiving fluoridated water
compared to previous studies. Urbina et al. (1996) described that

only 12.6 % of 6, 8 and 12 year-
old children were caries-free, when
no fluoridated water program was
established. Later, a study from
Chile’s Ministry of Health between
2004-2005 to assess the impact of
fluoridation in the region showed a
22.26 % caries-free for the
population of 12 years, while for the
range of 6 to 8 years it was of 25.38
% (Yévenes et al., 2011). The
present study describes that the
community with fluoridated water
since 1996 presents 38 % caries-
free in 8-year-old children, which
in comparison to other

Community n dmft d m f SD
CWF 50 2.14 0.54 0.04 1.58 2.37
FSFP 50 3.82 1.56 0.46 1.84 2.79
CNF 40 4.55 1.60 0.25 2.70 2.61

n DMFT D M F SD
CWF 50 0.92 0.26 0.66 0.00 1.45
FSFP 50 1.48 0.47 2.12 0.05 1.40
CNF 40 2.65 1.02 0.36 0.10 1.63

Fig. 1. Percentage of prevalence and severity of dental fluorosis in 8 years old
children from 3 communities with different fluoride programs [Community with
fluoridated water (CWF), community under Fluoridated School Feeding Program
(FSFP) and community with no fluoride on water (CNF)].

Table I. Percentage of free-caries children and with any carious lesions
and mean dmft /DMFT index per community.

Note: CWF: With Fluoridated Water / FSFP: Under Fluoridated School Feeding
Program / CNF: With No Fluoridated Water

Table II. Mean of the dmft / DMFT indexes and their breakdown into their
components (decayed, missing and filled).

Note: CWF: With Fluoridated Water / FSFP: Under Fluoridated School Feeding
Program / CNF: With No Fluoridated Water. Includes standard deviation.

communities, shows a significant decrease
in dental caries for children aged 6 to 8
years, measured by the percentage of ca-
ries-free children, inferring its beneficial
effect. If the overall ratio of caries-free
children found in this study is compared, it
can be noted that it is similar to other Latin
American countries such as El Salvador,
where fluoridated water is established (Mi-
nisterio de Salud de El Salvador, 2012).
 

Gillcrist et al. (2001) compared
fluoridated and not fluoridated 5-11 year-old
children communities during 11 years in
Tennessee, USA and it determined that for
children with deciduous dentition from
fluoridated regions, the percentage with no
carious lesions was 42 %, while in the non-
fluoridated ones it was 35 % (Gillcrist et al.).
Another study from 1997 associated dental
caries prevalence in 8-10 year-old children
from 3 different regions, 2 from Nebraska
with less than 0.3 ppm of fluoride in water
and 1 from Illinois, where fluoride
concentration was 1 ppm; with caries-free
children the percentages were 39.8 %, 25.2
% and 51.9 % respectively (Selwitz et al.,
1988). These results are similar to those
found in this study, in the sense that there is
a strong difference between the values for
the community with fluoridated drinking
water (38 %) versus the community whose
water supply is not fluoridated (10 %).
 

In comparison to studies made in the
same region, dmft rate in 1987 was 7.01 in
the 6 year-old population, in 1996 it was
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Community Free-caries
children

Children with
carious lesions

Mean
dmft

Mean
DMFT

CWF 38 % 62 % 2.14 0.92
FSFP 0 % 100 % 4.55 2.65
CNF 10 % 90 % 3.82 1.48
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4.29, in 2005 it was 3.16 and in this study it was even
lower with 2.14 in communities with fluoridated water
(CFW) for 6 to 8 year-old children, attributable to the
implementation and continuation of the fluoridation
program on tap water. This last value is similar to those
described in 1988 and 2000 in Switzerland and lower
than in Spain in 1987 (Marthaler et al., 1996; Menghini
et al., 2003).
 

In CFW, DMFT value was 0.92 and it shows a
better index than previous studies like in 1987 with 3.51,
1996 with 1.17 but it was higher than the 2005 study
with 0.59. If this index is broken down, it shows that
the number of decayed and missing teeth decreased
from 0.37 to 0.26 and 0.007 to 0 respectively, and the
increase in filled teeth is related to the establishment
of the Explicit Health Guarantees Plan (Jadue et al.,
2009), which covers dental care for children aged 6 in
Chile. This can also explain the higher value of filled
teeth on FSFP. A study of 2018, in Beirut, Lebanon, in
a sample of 1433 children aged 6-8, without fluoridated
water showed caries indexes of DMFT and dmft of 0.60
and 5.15, values similar to those found in our study
(Doumit & Doughan, 2018). The Community with no
fluoridated water program (CNF) had dmft value of 3.82
and DMFT of 1.48, results which are lower and slightly
higher, respectively to similar data on previous studies
with no fluoride added on tap water (Urbina et al.;
Yévenes et al.).
 

Guerrero et al. (1993) correlated severity of den-
tal caries to the fluoride concentration in drinking water
from three different cities of Chile, one with 0.19 ppm
of fluoride had a dmft of 4.7, another with 0.88 ppm
had a dmft of 3.4 and the last with 1.2 ppm had 1.2. In
two studies in the United States, this association is also
seen, rating DMFT 1.8 and 3.6 for communities with
<0.3mg/L and 1.0mg/L of fluoride respectively and they
also reported differences of 17.7 % in DMFT (Heller et
al., 1997; Gillcrist et al.). Our results show that the
presence of a higher concentration of fluoride in tap
water produces a decrease in severity and dental ca-
ries experience. Nevertheless, it also shows an
increase of dental fluorosis prevalence, which can also
be seen on the population with FSFP, even though most
of the cases are Very Mild in the Dean classification.
Previous evidence of fluorosis in different cities with
artificially and naturally fluoridated water but higher
classifications can be explained by a better access and
an increased exposure to fluorides by other vehicles,
such as toothpastes and mouthwashes. Cases of den-
tal fluorosis have been increasing in the last 30 years
in the US, the UK and the Republic of Ireland with si-

milar distribution in severity to our study, both in
communities with fluoridated water and without, where
infant feeding practices and the use of fluoride products
by children and youth have modified the intake of this
key component for the prevention of caries. It is also
stated that these will continue to increase unless
intervention measures are instituted and applied to the
communities in our study (Fomon et al., 2000; Harding
& O’Mullane, 2013; Torjesen et al., 2014).
 

CONCLUSION
 

The contribution of fluoride in drinking water
causes a decrease in the prevalence and severity of
dental caries in children of 8 years of age, and an
increase in the prevalence of dental fluorosis.
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RESUMEN: Una de las medidas más efectivas y es-
tudiadas en la prevención de caries es el uso de fluoruros,
que tiene la propiedad de reducir su incidencia y severidad.
75 % de la población chilena lo recibe al incluirlo en el agua
potable. La OMS en 1984 recomendó el uso de leche como
un vehículo alternativo. En Chile, el Programa de Alimenta-
ción Escolar con leche fluorada fue implementado en 1994
como alternativa en zonas rurales sin fluoruro en el agua. El
objetivo de este estudio fue comparar la prevalencia y severi-
dad de la caries dental y la fluorosis dental en niños de 8
años en tres escuelas públicas, con suplementación de
fluoruro en el agua potable o en la leche y con aquella que no
tiene ningún programa de fluoración. Estudio epidemiológico,
descriptivo, comparativo, observacional y de corte transver-
sal con una muestra de 140 niños de 8 años, sin enfermeda-
des sistémicas y que han vivido en el mismo lugar desde su
nacimiento: 50 escolares en el área con agua fluorada, 40 en
el área con leche fluorada y 50 en la zona sin suplementación
de fluoruro. El porcentaje de niños libres de caries fue obteni-
do con la metodología descrita por la OMS, usando índices
ceo-d y CPO-D para evaluar severidad. Para cuantificar la
prevalencia y severidad de la fluorosis dental se ocupó el ín-
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dice de Dean. Niños libres de caries fueron 38 % en la comu-
nidad con agua fluorada (CWF); 0 % en la comunidad con
leche fluorada (FSFP) y 10 % en la comunidad sin programa
de fluoración (CNF). La diferencia entre CWF y CNF es
estadísticamente significativa (p<0,05). La prevalencia de
fluorosis es significativamente mayor en CWF (48,8 %) que
FSFP (35 %) y CNF (16 %). La contribución del fluoruro en el
agua potable causa una disminución en la prevalencia y se-
veridad de la caries dental en niños de 8 años, y un aumento
en la prevalencia de fluorosis dental.
 

PALABRAS CLAVE: Caries Dental, Fluorosis, Ni-
ños, Suplementación Fluoruros.
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