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Abstract

Background: To determine the prevalence of dental fluorosis in 10-12 year-old school children, in three provinces
of the inter-andean Region of Ecuador: Imbabura, Pichincha and Chimborazo, as well as the relationship between
certain factors, considering that the latest studies go back to the year 2009.

Material and Methods: A cross-sectional and observational study was proposed. A sample of 599 was calculated at
95% of confidence considering population projections for children between 10 and 12 old of three zones of Ecua-
dor. However, 608 school children, who had the acceptance and informed consent of their parents to participate,
completed a survey about factors associated with dental fluorosis. Once the survey was completed, the vestibular
surfaces of the upper and lower anterior teeth of the infant were photographed, following standardized distance and
light procedures. Three evaluators, trained in the detection of fluorosis using the Thylstrup and Fejerskov index,
analyzed the photographs. The Stata 13.0 software was used for the statistical analysis, with a level of significance
of 5% and with a confidence interval of 95%. To relate the risk factor of fluorosis, a multinomial logistic model
was used.

Results: The prevalence of dental fluorosis was of 89.96%, with a greater presence of grade 2 TF. A positive sta-
tistical relationship and statistical significance was detected between dental fluorosis and consumption of bottled
beverages. Also the amount of toothpaste used and its ingestion during brushing (p = 0.000) were analyzed.
Conclusions: The populations evaluated, that are related to the consumption of bottled beverages and involuntary
toothpaste ingestion, and have a high prevalence of a mild level of fluorosis.
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Introduction

Dental fluorosis is considered an endemic pathology (1),
which appears with mottled enamel. It is associated with
the incorporation of fluoride during the process of too-
th formation and maturation (2). Its presence is bilateral
and symmetrical on the enamel (3), depending on the
period of dental development in which contact occurred
(4). It appears with lines in the form of horizontal stria-
tions, without a defined pattern (5), ranging from an opa-
que white (6) to the total loss of the enamel (7). Clinical
variations are related to histological changes, cataloged
with the TF index (8). Fluorides are transported through
the bloodstream and deposited in calcified tissues (9).
Health organizations worldwide recommend the use of
fluoridated salt in countries where water with fluoride is
not very effective, considering the cost that this process
represents (10). In addition, fluorides are found in table
salt and, in a natural way, in different types of aliments
(11); for example: in drinking water, juices, soft drinks,
tea (12), toothpaste and mouthwashes (13), in which the
fluoride concentration varies from 500 to 1500 mg/L (14).
Different health agencies worldwide recommend the use
of gels and varnishes, in a professional manner (15).

The presence of fluorosis in various regions of Ecuador
has been reported, especially in central highland areas
(16); it is related to the appearance of high levels of fluo-
ride in the water supply network; however, different stu-
dies conducted in the same region report a normal fluo-
ride concentration (17), suggesting that there are other
factors that produce dental fluorosis. For this reason, one
of the goals of this study is to determine the relations-
hip of these factors with the prevalence and severity of
dental fluorosis in schoolchildren, between 10-12 years
of age, from "Pimampiro”, Imbabura Province; "Colta”,
Chimborazo Province, and "Quito”, Pichincha Province.

Material and Methods

A cross-sectional observational study was proposed to
determine the rate of dental fluorosis. A sample of 599
participants with a 95% confidence was calculated con-
sidering the population projections for children between
10 and 12 years old of three zones of Ecuador accor-
ding to the data of the population census of 2010 (INEC,
2010). In addition the sample of the target group con-
sisted of 608 school children, who live in the cantons
of Pimampiro, (Imbabura); Colta, (Chimborazo) and
Quito, (Pichincha) Participants in the study were cho-
sen at random. An Ecuadorian research ethics committee
approved the project.

Subjects” conditions for the study were: to reside from their
birth on in the cantons, absence of current or pre-existing
systemic diseases, voluntary and free participation, veri-
fied through an informed consent, and have their upper
and lower permanent incisors, clinically visible without
presence of restorations, dental caries or dental braces.
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Previous to the study, an upper and lower anterior teeth
cleaning was performed. An intraoral photographic re-
cord was made, using a Nikon SLR digital SLR camera
D5700, 100 mm macro lens and a circular flash, aperture
of the iris in f/ 25, exposure time in 1/125, ISO 200,
white balance in flash, lens in manual mode and flash in
TTL and the same position. The photographs were iden-
tified in order to preserve anonymity, and later analyzed
by three researchers trained and standardized in detec-
ting histological changes (18) in dental surfaces with
Kappa values, likewise values higher than 6.5 points are
considered appropriate for this type of tests and with ex-
pertise in detection of dental fluorosis, according to the
Thylstrup and Fejerskov (TF) index. From the evalua-
tion of each photograph, for each of the observers that
obtained a unique value using the Index of concordance.
A survey with 13 polycotomic questions, with catego-
rical and numerical answers, was validated in terms of
adequacy and reliability with cultural, psychosocial and
ethnic conditions of the volunteers, similar to the popu-
lation in which it was performed twice in previous stu-
dies. The results of each of the questions were compared
among themselves through the test-retest reliability and
concurrent validity method. The survey was addressed
to the children’s parents and representatives in the study.
The aim was to know the place of residence (rural/urban
area), kind of water and milk consumption

counting as an alternative the water obtained from a
natural source, potable, on-board; and of milk sold in
a liquid or powder market, maternal, acquired directly
from the producer, kind of packaged beverages, age and
frequency of consumption, dietary intake and salt con-
sumption, age at which tooth brushing and the use of
toothpaste began, and from when on brushing was per-
formed by the children themselves. Finally, three water
supply samples were collected from the evaluated pro-
vinces protocols, to be analyzed in terms of fluorine con-
tent in mg/L, following established protocols.
-Statistical analysis

The data of the fluorosis index and the analysis of the
supply water network were collected in excel tables spe-
cifically designed for the study, to be analyzed using the
STATA software version 13.0 with a level of significan-
ce of 5% and with a confidence interval of 95% consi-
dering that they were ordinal variables. A multinomial
logistic model was established to assert fluorosis index
in different categories.

Results

The sample consisted of 608 school children; 56.6%
(344) of the participants came from the urban area and
43.4% (264) from the rural zone; 52.1% (317) male and
47.9% (291) female.36.2% (220) of the school students
live in Chimborazo province, 34.9% (212) in Pichincha
and 28.9% (176) in Imbabura (Table 1).
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Table 1: Specific descriptive results and composition of socio-demographic variables related to fluorosis index.

Variable No fluorosis TF1 TF 2 TF 3 TF 4 TF5 | TF6 Total r p-value
n n n n n n n n
(%) (%) (%) (%) ) | (%) | (%) (%)
Total 61 146 221 141 32 6 1 608
(10.03) (24.01) | (36.35) | (23.19) | (5.26) | (0.99) | (0.16) | (100)
Province | Chimborazo 11 44 84 69 10 1 1 220 0.0319 | 0.4325
) (20) (38.18) | (31.36) | (4.55) | (0.45) | (0.45) | (36.18)
Pichincha 41 77 64 22 8 0 0 212
(19.34) (36.32) | (30.19) | (10.38) | (3.77) | (0) 0) | (34.87)
Imbabura 9 25 73 50 14 5 0 176
(5.11) (14.2) | (41.48) | (28.41) | (7.95) | (2.84) | (0) | (28.95)
Area Urban 33 85 126 83 15 1 1 344 0.0237 | 0.5599
(9.59) (24.71) | (36.63) | (24.13) | (4.36) | (0.29) | (0.29) | (56.58)
Rural 28 61 95 58 17 5 0 264
(10.61) (23.11) | (35.98) | (21.97) | (6.44) | (1.89) | (0) | (43.42)
Gender Male 29 73 109 81 20 4 1 317 -.082% | 0.0421
9.15) (23.03) | (34.38) | (25.55) | (6.31) | (1.26) | (0.32) | (52.14)
Female 32 73 112 60 12 2 0 291
(11) (25.09) | (38.49) | (20.62) | (4.12) | (0.69) | (0) | (47.86)

TF: Thylstrup and Fejerskov (TF) index of dental fluorosis.
r: correlation

p-value: P value less than 0.05 considered statistically significant.

Abbreviation: Std error standard error.

Prevalence of fluorosis reached 89.96%; with degree 2
TF being the most frequent in 36.35% of the cases, fo-
llowed by degree 1 in 24.01% of them. In relation to the
demographic variables, a negative correlation of 0.082
to 5% of dental fluorosis, was evident. No degrees 5 or
6 of dental fluorosis were found in Pichincha and Imba-
bura (Table 1).

The data of the survey reports 38.8% consumption of tap
water without boiling in the first 4 years of life 62.7% of
entrants affirmed consumption of processed beverages
after 3 years of age; juice appeared as the preferred be-
verage, with 44.2% of the cases, and consumed once a
week in 51.8% of them. With relation to tooth brushing
with adult paste after three years of age, 51.5% claim
to have done it without the help of an adult. The use of
adult toothpaste was reported by 54.9% of the partici-
pants (Table 2).

The chemical analysis reported an average of fluorine
of 0.752 mg / L in the examined waters. Clinical va-
lues demonstrated a positive relationship between dental
fluorosis index with the consumption of processed beve-
rages and ingestion of toothpaste during brushing. Evi-
dence of a low negative relationship between the degree
of fluorosis with the age of brushing with adult toothpas-
te during tooth brushing without help.

A multinomial logistic model was used to corroborate

the results, relating the higher frequency of the elements
evaluated and fluorosis degree, and an independent va-
riables model to determine the influence.

A multinomial model was defined, considering: the fluo-
rosis index (TF) as a dependent variable with seven ca-
tegories from 0 to 6 for each, consumption of processed
beverages, beginning of brushing with toothpaste, age
of brushing without help, brushing with adult toothpas-
te, and the intake of toothpaste at the time of brushing.
The average of fluorine in the water was considered as a
continuous variable.

Considering the 1% of significance, in the statistical
analysis, we observed a direct relationship between TF1,
TF2, TF3 and TF4 indexes with an increased risk of pre-
senting fluorosis was observed when brushing was done
with adult toothpaste (OR:0.113, 0.111, 0.160, 0.042;
p=0,000) and if there was an intake of it (OR: 25.392,
31.725, 23.159, 31.657; p=0,000). Odd ratios are much
greater when children ingest toothpaste during the brus-
hing (Table 3).

Discussion

Study results reflect the presence of dental fluorosis in
grade 2 TF as the most frequent, which agreed with pre-
vious studies carried out in other countries (19,20). In
tap water, the percentage of fluorine refers values be-
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Table 2: Specific descriptive results and composition of quality life variables.

Variable Categories % SE IC (95%) Correlation p-

value

The water that your child Of the key 38,78% | 0,0198 | 34,97% | 42,73% 0,045 0,192

consumed in his first 4 years without

of life was: boiling

What type of milk did your Delivery car | 46,86% | 0,0203 | 42,91% | 50,86% -0,015 0,654

child take during the first 4

years of life, in addition to

breastmilk?

Does your child consume After three 62,54% | 0,0197 | 58,60% | 66,32% 0,137** 0,000

packaged beverages? years of age

Which packaged bevetages Juices 44,06% | 0,0202 | 40,14% | 48,05% -0,042 0,230

are usually preferred by your

child?

How many times a week does Once 51,82% | 0,0203 | 47,82% | 55,78% 0,068 0,057

your child consume packaged

bevetages?

What type of diet does your General 74,59% | 0,0177 | 70,96% | 77,90% 0,062 0,085

child usually consume?

What type of salt do you Refined 77,89% | 0,0169 | 74,40% | 81,02% 0,009 0,793

consume?

When you started brushing Before three 51,98% | 0,0203 | 47,99% | 55,95% -0,100%* 0,005

your child's teeth, did you use years of age

toothpaste?

At what age did your child At the age of | 51,49% | 0,0203 | 47,49% | 55,46% -0,090* 0,011

start brushing his/her teeth three or after

without adult company?

When you started brushing Yes 54,79% | 0,0202 | 50,79% | 58,72% -0,162%* 0,000

your child's teeth, did you use

the same toothpaste as adults

did?

When your son started Yes 66,50% | 0,0192 | 62,63% | 70,16% 0,129%* 0,000

brushing his teeth, did he

ingest toothpaste during the

brushing?

Fluorine average in water Fluorine = 0.6 | 63,86% | 0,0195 | 59,94% | 67,60% 0,138** 0,000

supply

** The correlation is significant at the 0.01 level.
* The correlation is significant at the 0.05 level.
SE: Standard error

CI: confidence interval

p-value: P value less than 0.05 considered statistically significant.

tween 0.7 to 1.5 ppm, which are recommended as an
international standard by the World Health Organization
(WHO) (21). This is the opposite of previous results ex-
posed in the same area (22) and in neighboring coun-
tries (23); the explanation could be the previous water
treatments carried out by zonal governments, which had
positive repercussions in the life quality of those who
consumed it.

Relationship between the consumption of processed
beverages, soft drinks and other sweetened beverages,
with the presence of fluorosis, which could be explained
by the fluoride content present in these beverages, re-
ported in approximately 0.02 to 1.88 mg / L(24), which
increases proportional to its frequency of consumption,
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obliging us as clinicians to alert the population about its
use and consequences, especially by the presence of su-
gar in its composition that added to the hyperproteic and
hypercaloric diet detected, are triggers of chronic non
communicable diseases of the type diabetes or hyper-
tension (25).

Regarding appropriate oral hygiene habits, one of the
most important to maintain oral health is tooth brushing
plus toothpaste; however, it could be the most determi-
nant cause of the presence of fluorosis (26), as detected
in the study, especially considering the fact that children
started brushing their teeth with fluoride toothpaste for
adults. 1450 mg / L of fluoride (27), with unmonitored
and unregulated amount of toothpaste (11,23), is reflec-
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Index of fluorosis Independent Variables Category OR SD p-value CI (95%)
relative Lower Upper
risk limit limit
TF 1 Does your child consume packaged No answer 0.182 0.155 0.046* 0.034 0.967
beverages?
At what age did you start brushing Before three years of age 68.419 102.603 | 0.005** 3.620 1293.191
your child's teeth with toothpaste? | At the age of three or after | 75.929 | 113.616 | 0.004** | 4.043 1425.923
At what age did your child start Before three years of age 0.051 0.074 0.041* 0.003 0.882
brushing his/her teeth without adult | o ofthree orafter | 0.023 | 0034 | 0.010%* | 0.001 | 0.408
company?
When you started brushing your No 0.113 0.060 0.000** 0.040 0.320
child’s teeth, did you use the same
toothpaste as adults did?
‘When your son started brushing his Yes 25.392 11.633 | 0.000** | 10.345 62.326
teeth, did he ingest toothpaste
during the brushing?
TF2 When you started brushing your No 0.111 0.057 0.000** 0.040 0.303
child's teeth, did you use the same
toothpaste as adults did?
‘When your son started brushing his Yes 31.725 14.333 | 0.000** | 13.087 76.907
teeth, did he ingest toothpaste
during the brushing?
TF 3 When you started brushing your No 0.160 0.086 0.001%** 0.056 0.458
child’s teeth, did you use the same
toothpaste as adults did?
When your son started brushing his Yes 23.159 10.978 | 0.000** 9.147 58.640
teeth, did he ingest toothpaste
during the brushing
Fluorine average in water supply 15.139 19.512 0.035* 1.211 189.304
TF 4 When you started brushing your No 0.042 0.032 0.000%* 0.009 0.189
child's teeth did you use the same
toothpaste as adults did?
When your son started brushing his Yes 31.657 21.841 | 0.000%* 8.188 122.391
teeth, did he ingest toothpaste
during the brushing?
*k p <0.01
*p<0.05

TF: Thylstrup and Fejerskov (TF) index of dental fluorosis.

SD: Standard deviation.

p-value: P value less than 0.05 considered statistically significant.
CI: confidence interval.

ted in the correlation value of 0.162 detected, especially
when considering that toothpastes marketed in the Ecua-
dor have a percentage of fluorine that exceeds 1000 ppm
which is beneficial from the preventive and protective
point of view; however, it would be worth analyzing the
amount used to confirm this association with the fluoro-
sis detected.
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Results indicate a hypercaloric and hyperproteic diet as
the most frequent, which is related to the diet of the eva-
luated provinces (27), where fluorosis occurred in diffe-
rent degrees (28), with specific clinical manifestations
(25). High levels of fluoride were not observed, which
could be considered beneficial to the teeth (28); howe-
ver, it is necessary to perform control processes of the
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composition of certain foods (24), as well as the invo-
luntary intake of hygiene products (26), which could be
related to the presence of the detected fluorosis.

This study was carried out considering the socio-demo-
graphic and ethnic conditions, which, conjugated with
the standardization of the procedures performed, give us
the possibility to guarantee results. The photographic re-
cord methodology for fluorosis degree has proved to be
reliable and an ideal procedure, considering the visual
fatigue of the clinical evaluator, due to the continuous
and prolonged evaluation.

One of the strengths found in the study was the stan-
dardization among researchers responsible for detecting
histological changes in dental surfaces, was evaluated
both inter and intra observer; as well as the execution
of this analysis in standardized photographs, avoiding
visual exhaustion and misinterpretation of the evaluator.
It is extremely important to highlight the work that the
health entities of Ecuador and the cantonal governments
are doing, in order to achieve improvements in basic ser-
vices. An example of this is the treatment of drinking
water. However, it is necessary to develop studies with
national specific strategies and unified methodologies
that cover the majority of the population, including tho-
se areas especially considered as endemic of fluorosis in
previous studies. The main goal of this work is to be able
to count on reliable data of the current situation of the
country in terms of its oral health and implement state
policies.

Another point to consider is the presence of plaque,
which although not evaluated in this study, was eviden-
ced in an extreme way, indicating a poor execution of
oral hygiene procedures that are in opposition to the use
of toothpaste detected in the study. Hence, the importan-
ce of motivating and educating in oral hygiene practices
at home and schools, as control strategies to prevent the
massive destruction of future hard and soft tissues. New
investigations regarding the presence of fluorosis and its
relation to tooth brushing need to be carried out.

Conclusions

In the evaluated sample, the prevalence of dental fluo-
rosis is high and is present more frequently in mild de-
grees, with an association to the involuntary intake of
toothpaste and / or consumption of processed beverages.
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