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Abstract

Introduction: Biomarkers indicate levels of a
particular chemical agent in the environment
studied, which may be useful for monitoring
health status, and nails may be major indicators
of fluoride.

Objective: To evaluate fluoride concentration
in the fingernails of children as a biomarker for
fluoride exposure.

Methods: Twenty students were selected,
aged 4-5 years old. Their nails were cut at 15
and 45 days (two collections), and the fluoride
concentration in the nails was analyzed with the
ion-specific electrode (Orion 9409) after rapid
diffusion with HDMS.

Results: The total fluoride mean of the samples
was 3.68 ug F/g (sd 1.44), ranging from 1.39 ug
F/g to 7.81 ug F/g. Eleven children (55%) brush
their teeth three times a day, but only three
children (15%) swallow toothpaste.

Conclusion: There is a high prevalence of
fluoride exposure in the fingernails of the
children studied, presenting risk of developing
dental fluorosis in permanent teeth.
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Fingernails as a biomarker for dental fluorosis
Hl INTRODUCTION

When used at levels considered optimum, fluoride
has shown positive effects on the oral health of the
population. Water fluoridation and the greater access to
fluoridated dentifrices were major actions for significantly
improving the reduction of the dental caries rate'. However,
excess intake may result in acute and severe poisoning.
In Dentistry, the main clinical manifestation from chronic
poisoning occurs because of the intake of excessive doses
of fluoride during teeth formation, which may cause the
appearance of an anomaly called dental fluorosis?.

Dental fluorosis is caused by the exposure of
the tooth germ to high fluoride ion concentrations (F-1)
during the mineralization process®. The occurrence and
severity of this clinical manifestation may vary among
the different individuals and populations because of the
influence of environmental and physiological factors, as
well as the amount of fluorides ingested and the duration
of exposure*°.

Regarding the prevalence of dental fluorosis,
epidemiological data in Brazil indicate a tendency for
increased prevalence and severity of dental fluorosis,
presented in the Brazilian Research on Oral Health
of 2010, which identified 16.7% of cases of fluorosis
compared to 8.57% detected in 2003”. Other Brazilian
studies also reported increased dental fluorosis, as the
example of a study performed in Porto Alegre, Rio Grande
do Sul, Brazil, in a period of 10 years, which showed an
increased prevalence of fluorosis, from 7.7% to 32.6%°
. On the other hand, Narvai et al.’ reported that the
prevalence of dental fluorosis in children from the state of
Sao Paulo, Brazil was stationary in 1998, with prevalence
of 43.8%, up to 2010, with prevalence of 38.1%. In the
city of Passo Fundo, Rio Grande do Sul, Brazil, a study
showed that the prevalence of fluorosis in 633 students

BEMETHODS

Study design
The design of this study is experimental and uses
children’s fingernails for laboratory analysis.

Volunteer selection

From a total of 35 children enrolled in a State Child
Education School located in the city of Passo Fundo, Rio
Grande do Sul., in May 2014, we selected by convenience
and after the compliance of the inclusion criteria listed
hereafter, 20 children. Similar to the sample, the school
was selected by convenience because of the easy access.

As inclusion criteria, the children participating in
the study should be 4 or 5 years old, considering that in
this phase they are under amelogenesis formation of some
of their permanent teeth. Participants should also live in
the city of Passo Fundo, Rio Grande do Sul., consume
water from the public supply of the city since birth, and
use fluoridated dentifrice daily.

Pilot test and examiner training

After the approval from the Research Ethics
Committee of Faculdade Meridional (CEP/IMED),
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of the municipal education network, aged 12 and 15 to 19
years, was 32.8%!. Later, another study performed in a
public school of the same city showed a 28.9% prevalence
of dental fluorosis'".

Apparently, diseases such as fluorosis and dental
caries are in continuous progression in all populations
and may be associated with social, economic, and
demographic factors, among others. However, fluorosis
does not affect everyone who consumes fluoridated water,
and when it does, it presents different levels of severity.
Thus, the relation between individual and contextual
factors and dental fluorosis is still not well established in
the literature'?.

Biomarkers indicate levels of a determined
chemical agent in the environment studied, which may
be useful to monitor health status and to determine the
dose-response relation'®. According to classifications
by the WHO regarding fluoride exposure, the nails are
classified as recent markers and may reflect chronic and
subchronic exposures to fluoride. The use of nails as
fluoride indicators is attractive, considering that it is easy
to obtain the samples'*.

Currently, there are still few scientific evidences
using fingernails as sample. Thus, this study aims to
improve the knowledge on the excessive fluoride intake
by children, observing the importance and relevance of the
present research in the city of Passo Fundo, RS, Brazil..

Considering that dental fluorosis has represented
a public health problem, the use of biomarkers becomes
significant as it helps understanding the rates of fluoride
exposure at the maturation period of tooth enamel'.

Therefore, the objective is to assess the fluoride
concentration in children’s fingernails as a biomarker for
fluoride exposure.

the researchers were trained and the data collection
was validated through a pilot test with four children to
verify the method proposed and validate the information
analyzed.

Nail collections and fluoride
concentrations

The fluoride concentration in the nails of children
was analyzed as follows: the responsible people of the
students were instructed to let the left thumbnail of the
children to grow for 15 days, allowing the collection later.
After 15 days, the same researcher cut the nails with a
nail clipper previously sterilized in autoclave; there was
one nail clipper for each child. Thirty days after the
first collection, the same procedure was repeated for the
second collection, which was performed exactly the same
way. The nails collected were conditioned in 1.5mL sterile
plastic tubes.

After nails were collected, they were immersed
in special detergent (Ultramet™ Sonic, Buehler) and
distilled and deionized water. The recipients were placed
in an ultrasound device for six minutes. Next, the nails

setting of
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were put through a sieve and washed in distilled and
deionized water, in case any debris remained. The nails
were placed in the recipient’s lid and taken to the stove
for 2 hours at 60°C. After drying, the nails were stored in
aluminum foil for later analysis'®.

In order to set the rapid microdiffusion with
HMDS (hexamethyldisiloxane), described by Taves'’,
the following reagents were used: NaOH 1.65N (sodium
hydroxide), CH3COOH 0, Hac 66N (acetic acid), and HCI
6N/HMDS (hexamethyldisiloxane-saturated hydrochloric
acid).

Fragments of nails previously weighed were put
on a Petri dish along with 3mL of distilled and deionized
water. In the plastic lid that was in the center of the dish,
fixed with vaseline, 0.1mL of NaOH 1.65N was added.
The dishes were sealed and 1.0mL of HCI 6N/HMDS was
added to each sample through a hole bored in the lids. The
holes were readily closed with solid vaseline and plastic
film, and the dishes were placed in a horizontal shaker
for agitation at speed of 85rpm, at night (minimum of 12
hours and maximum of 15 hours). The fluoride contained
in the samples reacted with the HMDS and formed a
volatile compound that spread to the NaOH in the lid

B RESULTS

Data were analyzed by descriptive statistics with
the data from demographic variables of the children and
from the variable of fluoride concentration in the nails, as
Table 1 shows.

From the 20 children of the sample, 55% were

Fingernails as a biomarker for dental fluorosis

fixed in the center of the dish, where it transformed into
trimethylsilanol and fluoride.

In the next day, the dishes were opened and each
of their central lids were removed and taken to the stove
for 2 hours at 60°C so that only the NaF crystals were left.
Next, 0.4mL of Hac 0.66N was added to a plastic test tube
that was sealed with the lid containing the fluoride from
the sample. The tube was inverted and vigorously shaken.
The Hac dissolved the NaF crystals and left the sample
with the optimum pH for analysis (between 5 and 5.5).
The fluoride concentration in the tube was determined
by a fluoride-specific electrode (Orion 9609), coupled
to the ion analyzer previously calibrated with standards
containing 0.01 to 0.08ug F, prepared in the same
conditions of the samples. The readings were obtained in
mV and transformed into pg of fluoride using the Excel
software (Microsoft). The F- concentration in the nail
samples (ng F/g) was obtained by dividing the pg F found
through the weight of the nails.

This study was approved by the Research Ethics
Committee of Faculdade Meridional (CEP/IMED), under
protocol number 017/2011.

boys and the other 45% were girls. Half of them (50%)
was 4 years old and the other half was 5 years old. Eleven
children (55%) brushed their teeth three times a day.
However, only three children (15%) swallowed dentifrice.

The fluoride concentration in the nails of children

Table 1: Descriptive analysis of the demographic variables of the children and the sample of fluoride
concentration in the fingernails, Passo Fundo- Rio Grande do Sul, 2014

Variables n (20) n %(100)
Sex

Female 9 45
Male 11 55
Age

4 years 10 50
5 years 10 50
Daily toothbrushing frequency

Once or twice 9 45
3 times 11 55
Swallows dentifrice

Yes 3 15
No 17 85
Fluoride concentration in the nails

1.39-2.62 ug F/g 4 20
3.03-3.47 ug Fig 7 35
3.97-3.99 ug F/g 4 20
4.71-7.81 ug Flg 5 25

was categorized in four groups, according to the frequency
distributions: from 1.39 to 2.62pg F/g (20%), from 3.03 to
3.47ug F/g (35%), from 3.97 to 3.99ug F/g (20%), and
from 4.71 to 7.81pg F/g (25%).

DOI: http://dx.doi.org/10.7322/jhgd. 133582

The total mean of fluoride concentration in the
nails of all samples in both collections was 3.68 pg F/g (sd
1.44), ranging from 1.39 pg F/g to 7.81 pg F/g (Figure 1).
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Figure 1: Mean fluoride concentration in the nails of children after the collections, Passo Fundo- Rio Grande

do Sul, 2014

B DISCUSSION

The present work aimed to assess fluoride
concentration in the fingernails of children as a biomarker
for fluoride exposure. Considering fingernails as
biomarkers of fluoride exposure that may reflect chronic
fluoride exposures'* of the children involved in the sample
of this study, the risk of developing dental fluorosis in the
permanent teeth of the sample studied may be expected.
The results of this study showed that the mean fluoride
concentrations in the children’s nails was high.

Recent studies have shown that fluoride biomarkers
may be used to identify the rate of body fluoride,
considering that the most researched recent biomarkers
are nails and hair, both obtained non-invasively!'>?2!,
Nails, however, have been more featured in studies. The
literature shows positive and significant correlations
between mean fluoride concentrations in nails and
estimated fluoride intake from diet (r= 0.57) in a study
performed in two Brazilian cities (Bauru and Itapolis, both
in Sao Paulo, Brazil)'®. Additionally, other factors such as
fluoride concentration in the water, as well as age, sex,
and geographic area are mentioned as factors that may
influence fluoride concentration in the nails of fingers and
toes!*.

Previous evidences, presented in some scientific
studies published from epidemiological surveys on
the prevalence of dental fluorosis, show high dental
fluorosis rates in children and young people living in the
city studied'®!*?, The results show a high prevalence
of fluorosis (25% to 30%) in different age groups. The
authors concluded that tap water - long incorporated with
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artificial fluoride - consumed by young people was one of
the factors associated with dental fluorosis in the model
tested in the study'. However, in spite of the prevalence,
severity is low, meaning low and very low levels!®!1%!,

Another research that aimed to verify fluoride
concentration in the water supply of the city of Passo
Fundo, Rio Grande do Sul, Brazil, in 2016, concluded that
none of the samples contained more than the acceptable
concentration (0.6 to 0.9mg/L) and that the levels of
fluoride concentration in the water did not present uniform
concentrations in the samples'. However, the fluoride
accumulation in fluoride doses of dentifrices and in
industrialized foods and beverages is established, leading
to a summation effect for the cause of fluorosis®.

Among the limitations of the technique using
fingernails as biomarkers for fluorosis, the literature
mentions the cautions regarding external contamination
and the establishment of reference values for using the
technique as fluorosis predictors'®. Therefore, in 2012,
Buzalaf et al.'®. suggested this value would be 2ug F/g,
when performing a study in Brazilian children aged
2-7 years. In the same study, the authors showed that
children with fluorosis had significantly higher fluoride
concentrations in the nails than those without fluorosis, and
that the concentrations tend to increase with the severity
of fluorosis. In this context, the mean values found in the
sample of the present study would indicate a high fluoride
concentration in the nails (mean of 3.68 pg F/g) with risk
of developing dental fluorosis.

It is worth noting that fingernails usually present
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higher fluoride concentrations than other biomarkers*!%22,
and a higher blood supply is attributed to this region
or a higher growth speed in such nails®. Therefore,
it is important to develop studies that may clarify the
association between fluoride concentration in the nails
with the occurrence of dental fluorosis and other associated
factors®, as well as the possibility of corroborating the
present results with other biomarkers such as toenails,
especially the thumbnail, and urine®*. Authors, however,
showed that correlation coefficients between total fluoride
in fingernails and toenails were slightly higher than the
coefficient between the total fluoride intake and fluoride
found in urine, confirming the hypothesis that the nails
may be slightly better indicators of individual fluoride
intake?.

The study has some limitations, such as the
descriptive design, which does not allow establishing a
causality between some of the variables investigated and
the result; however, the use of data collected in previous
studies in the city reinforces the results found in this
research. Moreover, because the sample was selected by
convenience, there should be caution when attempting to
generalize these results for larger populations.

The contributions of the present study in the field
of Collective Health are important, because a prevalent
disease may be prevented in the population, which is dental
fluorosis. The study will serve as a base for assessing the
current situation and for monitoring the dental fluorosis
indicators in permanent teeth of adolescents. Furthermore,
the study will allow assessing the impact of potential

BCONCLUSION

It is observed that the mean values of fluoride
concentration present high concentration of fluoride
exposure, which may represent a risk of developing dental
fluorosis.
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marker for fluoride exposure.
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Resumo

Introdugao: Os biomarcadores indicam niveis de determinado agente quimico no
meio estudado, os quais podem ser uteis ao monitoramento do estado de saude,
podendo as unhas serem importantes indicadores de fluor.

Objetivo: Avaliar a concentragdo de fluor nas unhas das méaos de criangas como
biomarcador de exposigao ao fluor.

Método: Foram selecionadas 20 escolares, com idade entre 4 e 5 anos. As unhas
foram cortadas aos 15 e 45 dias (duas coletas) e a concentragao de fluor nas unhas
foi analisada com o eletrodo ion especifica (Orion 9409), apds difuséo facilitada por
HDMS.

Resultados: A média total de fluor das amostras foi de 3,68 ug F/g (dp 1,44), variando
de 1,39 ug F/g a 7,81 ug F/g. Onze criangas (55%) escovam os dentes trés vezes por
dia, porém, somente trés criangas (15%), engolem dentifricio.

Conclusao: Ha uma alta prevaléncia de exposicdo ao fluor nas unhas das maos
das criangas investigada com risco de desenvolver fluorose dentaria nos dentes
permanentes.

Palavras-chave: unhas, intoxicagdo por fluor, fldor, marcador biologico, fluorose
dentaria.
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