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ABSTRACT

Fluorosis is a worldwide public health problem. One of the factors related to it is the type of water
consumed, such as groundwater. High fluoride concentration in groundwater may be explained by
contamination from local industries. Since fluoride and arsenic are the main pollutants of groundwater,
some studies correlate groundwater consumption with high prevalence of fluorosis. Aim: The aim of
this study was to conduct a systematic review to determine whether children’s risk of fluorosis is related
to drinking groundwater. Materials and Method: The protocol for this systematic review was registered
at the National Institute of Health Research Database (CRD42021227298). A comprehensive search
was conducted to identify potentially relevant studies by exploring a range of electronic databases
(Medline via PubMed, Scopus, Cochrane Library, Science Direct, Web of Science Core Collection,
Medline via Ovid, Lilacs, Embase, and grey literature). Results: A total 2189 articles were found. After
reading titles and abstracts, 63 were selected for screening, and the final data was extracted from 15
articles. Conclusion: A relationship was identified between drinking fluoridated water from wells and
the prevalence of fluorosis in individuals up to 18 years old. This is the first study to assess the issue
systematically worldwide.
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Fluoruro en el agua subterrénea potable y prevalencia de
fluorosis en ninos y adolescentes: Una revision sistematica

RESUMO

La fluorosis es un problema de salud publica a nivel mundial y el tipo de agua consumida es uno de
los factores relacionados con ella, como el consumo de aguas subterraneas. La alta concentracion
de fluoruro en estas aguas puede justificarse por la contaminacion por industrias locales y las
caracteristicas del suelo, donde algunos estudios correlacionan el consumo de aguas subterraneas
con una alta prevalencia de fluorosis, ya que el fluoruro, junto con el arsénico, se consideran los
principales contaminantes de estas aguas. Objetivo: El objetivo es realizar una revision sistemdtica que
relacione el riesgo de fluorosis en nifios expuestos al consumo de agua procedente de pozos. Materiales
y Método: El protocolo de esta revision sistematica fue registrado en el National Institute of Health
Research Database (CRD42021227298). Se realizo una busqueda bibliogrdfica de estudios primarios
explorando diversas bases de datos electronicas (Medline via PubMed, Scopus, Cochrane Library,
Science Direct, Web of Science Core Collection, Medline via Ovid, Lilacs, Embase y literatura gris).
Resultados: Se encontraron 2189 articulos, tras la lectura de titulos y resumenes se seleccionaron
63 referencias para examinar y, finalmente, se extrajeron los datos de 15 articulos. Conclusiones:
Se identifico una relacion entre el consumo de agua fluorada de pozo y la prevalencia de fluorosis
en individuos de hasta 18 afios, siendo este estudio el primero en evaluarlo sistemdaticamente a nivel
mundial.

Palabras clave: fluoruro - aguas subterraneas - fluorosis — nifios - adolescentes.
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INTRODUCTION

The use of fluoride in dental caries management is
one of the great milestones in dentistry, and has been
recognized as the main factor responsible for the
significant decline in caries prevalence around the
world'?. Epidemiological data from communities
with access to a fluoridated public water supply
provided the initial evidence that fluoride promotes
oral health®*.

Caries prevention mechanisms through the action
of fluorides are post-eruptive, occurring through
their topical cumulative effect, and acting on the
dynamics of demineralization/remineralization”.
However, excessive fluoride intake during the tooth
development period can cause dental fluorosis,
which is the only proven relevant side effect of
fluoride use’.

Fluorosis is a worldwide public health problem and,
like caries, has also been related to socioeconomic
factors. The type of water consumed is one of these
factors, and the consumption of well water is one of the
consequences of people’s socioeconomic condition®.
Many communities still drink groundwater, often
with fluoride concentration greater than the 1.5 ppm
recommended by the World Health Organization. This
increases the risk of fluorosis, thereby constituting a
serious public health problem’.

The high fluoride concentration in well water may be
caused by lithology or by contamination from local
industries or agrobusiness operations that increase
the risk of heavy metals, pesticides, nitrates, radon
and fluoride in the water®®. Other factors are the
amount and duration of precipitation, infiltration rate,
level of groundwater exploitation in the area, etc.'.
The increasing uptake of groundwater resources
can also affect the distribution and concentration of
fluoride!.

Some studies correlate the consumption of
groundwater with high prevalence of fluorosis
because fluoride and arsenic are the main pollutants
in groundwater. Fluoride concentration in the water
increases with depth, with wells deeper than 30 m
containing the highest amounts. The risk of fluorosis
is proportional to the amount of fluoridated water
the child is exposed to.

Fluorosis is classified as mild, moderate or
severe®®!2, Plasma and urine fluoride concentration
is proportional to the fluoride concentration in the
water consumed'®!.

In view of the growing concern about this issue, the

aim of this study was to conduct a systematic review
to determine whether children’s risk of fluorosis is
related to drinking fluoridated groundwater.

MATERIALS AND METHOD
This systematic review was conducted in accordance
with the guidelines of the Cochrane handbook for
systematic review of Interventions, following the
four-phase diagram of the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA). The study protocol was registered at
the National Institute of Health Research Database
(CRD42021227298).
The research question was adapted from the PECO
framework for the systematic review of clinical
studies:

— Population (P): Patients up to 18 years

— Exposure (E): Groundwater

— Comparison (C): Exposure to water from

supply network or commercial mineral water

— Outcome (O): Fluorosis
In terms of research questions, based on the PECO
model, the review aimed to assess the current
knowledge and literature for the effect of patient
exposure to groundwater on the outcome of fluorosis.
The criteria followed in this study are described in
Table 1.

Table 1. Eligibility criteria.

Inclusion Criteria Exclusion Criteria

» Studies including patients
up to 18 years old

* Peer-reviewed studies

¢ Quantitative randomized
controlled trials

* Retrospective, prospec-
tive, or concurrent cohort e
studies

¢ Cross-sectional studies

» Studies published in any
language

» Studies published on any
date

Qualitative opinions
Editorials

Literature reviews
Expert opinions
Newsletters/opinion
letters

Case reports

2.1 Literature search strategy

A comprehensive search was conducted to identify
potentially relevant studies by exploring a range
of electronic databases (Medline via PubMed,
Scopus, Cochrane Library, Science Direct, Web of
Science Core Collection, Medline via Ovid, Lilacs,
and Embase). Additionally, a Google scholar and
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reference search on grey literature was undertaken
to identify any other relevant published work. The
search was conducted without applying any date
limits or language restrictions.

The search strategy included the terms: “Children”,
“child” and “Fluoride”, “Fluorine”, “Water Well*”,
and “Water Ground*”; and “Fluoridated water”,
“water fluoridation” and “Enamel defect*”,
“Fluorosis”.

Trade names of various classes of sealers were
also used as a part of the search strategy. Boolean
operators (“OR” and “AND”) were used to join
search terms related to the search question (Table 2).
Table 3 shows the literature searches and results
found in Pubmed, Scopus, Cochrane, Web of
Science Core Collection, Medline via Ovid, BVS,
and Embase.

Table 2. Search terms.

Search 1 “Children} “child”

“Fluoride’ “Fluorine’ “Water Well*; “Water
Search 2 o

Ground

“Fluoridated water, “water fluoridation]
Search3 ., . . -

drinking water
Search 4 “Enamel defect”, “Fluorosis”

2.2 Study Selection

Literature search results were de-duplicated by
using Mendeley software (Thomson Reuters, New
York, NY). Articles were initially screened based
on the title and abstract according to the scope (i.e.,
articles that do not report fluorosis and exposure to
groundwater) and publication type (i.e., reviews,
comments, letters, or abstracts).

2.3 Data Extraction and Quality Assessment
Based on the selection criteria, two examiners (LV,
FC) examined the titles and abstracts independently,
and any disagreements were resolved according to a
predefined strategy, using consensus and arbitration
as appropriate. If the disagreement could not be
resolved, then a third investigator (AS) agreed to
help reach a consensus. Furthermore, a manual
search of the reference lists of relevant studies was
performed.

The seven domains of ROB-2 instrument were
scored to quantify the risk of bias: confounding
bias, measurement of exposure bias, selection bias,
post-exposure interventions bias, missing data bias,
measurement of the outcome bias and selection
of the reported result. Subsequently, an overall
judgement was made to mark each study as low risk
of bias, high risk of bias or some concerns.

Table 3. Literature searches and number of articles found.

Searches related to the descriptors

“Fluoride” OR

“Fluorine” OR “Fluoridated
Gielier O “Water Well» ~ Water' OR “water — “Children” OR .1 \\py 4o AND
child # fluoridation” OR child
OR “Water P » #3 AND #4
#1 o drinking water #4
Ground 43
#2
Pubmed 1,313,471 60,645 51,561 4,240 388
Scopus 3,169,927 ERED 1,185 4,935 o
Cochrane 144,754 10,081 3,828 539 15
691,017 114,744 7,714
q 2,263,174 ’ ’ ’ =
Web of Science 665
. . . 1,946
Medline via Ovid 2,239,364 61,373 48,523 1
Virtual Health Library
(BVSIVHL) 2,510,968 351,664 83,293 8,888 564
Embase 1,679,224 Erpesd 67435 4,438 501
Total 2,189
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Fig. 1: Literature searches and results.

RESULTS

The literature search after the identification period
found 2189 articles (Table 3), of which 368 were
screened according to the selection criteria, and 15
were selected, as shown in Figure 1.

The main data extracted from the selected studies
are shown in Table 4. Data came from 4 continents,
including Asia with 53.3% of studies, Africa with
20%, and Europe and America with 13.3% each.
Participant ages were 14 to 16 years. Regarding the
index used for diagnosing dental fluorosis, Dean’s
index was the most frequent, being adopted in 60%
of the studies, followed by the Thylstrup-Fejerskov
Index (TFI) in 20%. Other indices used were WHO,
Pendry’s and Horowitz’s, with 6.7%.

Table 5 shows the main data on fluoride concentration
in the water (0.1 to 18mg/L), and prevalence of
fluorosis (4.25 to 100%), which were both highly
heterogenous.

Figure 2 shows the quality assessment of the studies
considered. In general, the domains presented a low
risk of bias.

DISCUSSION

This study performed a systematic review of the
literature to assess the risk of fluorosis in children
exposed to drinking groundwater. The studies
evaluated reported high fluoride concentration in the
water consumed.

Fluoride intake has beneficial effects, as a
complement to prevent and control dental caries,
as well as adverse effects, mainly tooth enamel and
skeletal fluorosis following prolonged exposure
to high concentrations'?. Excessive fluoride
intake usually occurs through the consumption of
groundwater that is naturally rich in fluoride. The
assessment of the distribution of high groundwater

Acta Odontol. Latinoam. 2023

ISSN 1852-4834

Vol.36 N° 3 / 169-176



Groundwater and risks of fluorosis

173

Table 4. Summary of the studies selected for this systematic review.

Study ID

Akpata et al.™

Alarcon-Herrera et al.™

Arif et al.™®
Gautam et al.®
Ibrahim et al.™”

Indermitte et al. '®
Ismail et al. 1°

Mandinic et al. ?°

Narwaria et al. 2!
Rango et al. 2

Ray et al. 23
Shanthi et al.
Shomar et al.

Tobayiwa et al. 2

Zhu et al. 77

Country

Saudi Arabia
Mexico
India
India
Sudan

Estonia
Canada

Serbia
India

Main Ethiopian Rift
Valley

India
India
Gaza Strip

Zimbabwe |

China

Subjects’ Total number
age in years of children
12-15 2355
6-12 333
5-13 1136
4-16 90
7-16 113

7-15 2,627
0-7 48
12 164
5-12 750
10-15 491
1-5 and 11-15 2,159
9-12 1,500
5-16 353
8-15 200
8-12 9,030

Table 5. Results of the studies selected for this systematic review.

Study ID

Akpata et al'®

Alarcon-Herrera
et al™

Arif et al®
Gautam et al'
Ibrahim et al'”
Indermitte et al'®
Ismail et al®
Mandinic et al®
Narwaria et al*'
Rango et al??
Ray et al?®
Shanthi et al*
Shomar et al®
Tobayiwa et al*®

Zhu et al*”

F- concentration informed by
the authors, in ground water
analyzed

0.543 t0 2.848 ppm
< 15to 16 mg/L

0.5t0 8.5 mg/L.
0.64 to 14.62 mg/L
0.25 to 2.56 ppm
0.01 to 7.20 mg/L
< 3.8 ppm
0.10 to 11 ppm
1.5 to 3 ppm
1.1—-18 mg/L (8.5 + 4.1 mg/L)
0.2t0 2.1 ppm
< 0.7 to 3.5 ppm
0.7 to 2.6 ppm
5-10 ppm
1.0 to 2.0 mg/L

Daily Water
Consumption

>4 mg/day

Prevalence
(total) of
fluorosis

90.7%
86.4%

69.3%
90.8%
95.5%
17.5%
66.7 %
4.2%
45.4%
100%
24.9%
48.3%
60%
64%
38.6%

Index used for diagnosing dental
fluorosis

Modified Thylstrup-Fejerskov Index (TFI)
Dean’s index
Dean’s index
Dean'’s index
Dean’s index
Dean’s index

Pendrys’ Fluorosis Risk Index (Modified
Fluorosis Risk Index)

Dean’s index

Dean’s index
Thylstrup and Fejerskov index (TFI)

WHO

Dean’s index

Dean’s index

Thylstrup and Fejerskov index (TFI)

Horowitz’s Tooth Surface Index of
Fluorosis (modification of Dean’s index)

Prevalence
of dental Prevalence Prevalence
fluorosis of fluorosis  of fluorosis
(mild) (moderate) (severe)
14.73% 31.25% 44.67%
67.88% 10.8% 7.8%
31.9% 58.6% 9.4%
63.7% 27.4% 4.4%
3.65 0 0.6
20.8 % 19.47 % 5.2 %
17% 29% 45%
8.33% 2.17% -
35% 9.2% 41%
25.6% 10.0% 3.0%
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Fig. 2: Quality assessment of the studies evaluated.

fluoride is therefore of great practical significance
for drinking water safety?®. The WHO recommends
a fluoride concentration in drinking water in the
range of 0.5 to 1.5 mg/L¥. The current review only
included research papers reporting consumption of
groundwater with fluoride concentration above 1.5
mg/L.

Fluorides are naturally ubiquitous in the environment
(water, soil, air, etc.). The amount of fluoride in
water can be georeferenced, and high levels have
been reported in certain places, especially in Asia
and Africa®.

Several studies conducted around the world provide
strong evidence of association between fluoride
concentration in drinking water and prevalence of
fluorosis '*1416:1821.22 Tg facilitate data collection, the
current study evaluated the risk in children because
most primary studies consider school-age children,
who are easily screened.

Increasing fluoride intake with fluoridated water can
increase the risk of dental fluorosis in a situation
of high exposure in children under 8 years of age.
Nevertheless, in adults, such exposure is not a
problem, but provides protection against dental
caries™.

The only way to prevent dental fluorosis in children
is to ensure that the fluoride concentration in the
water they consume is within safe limits'®. It should
be noted that water is used in food preparation as
well as for drinking. The current review found that
in places all over the world where people drink
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groundwater with high fluoride concentration, there
is higher prevalence of dental fluorosis. Even though
public health officers are aware of the negative
impact of dental fluorosis, a condition affecting
much of the population in developing countries,
governments do not address the issue?®. The inability
to find alternative water sources is a challenge to the
reduction of exposure to high fluoride levels.

Some studies assess the risk and/or prevalence of
fluorosis in populations exposed to groundwater,
most of which consider water from wells or natural
sources. The concentration of fluoride in spring
water is lower than in groundwater. Only two
systematic reviews addressed this issue, both of
which were based on local data’!. A study with data
at global level was therefore considered necessary.
The selected studies indicate that the prevalence of
dental fluorosis increases with the concentration of
fluoride in groundwater. To prevent dental fluorosis,
it is suggested that groundwater wells should be
routinely analyzed for fluoride concentration, and if
necessary, treated appropriately with fluoridation or
defluoridation, to ensure an anti-caries effect with
minimum risk of fluorosis.

CONCLUSIONS

A relationship was identified between the
consumption of fluoridated groundwater and the
prevalence of fluorosis in individuals up to 18 years
of age, this study being the first to systematically
assess the situation in different continents.

FUNDING
This study was supported by a grant from University of Buenos

Aires - UBACYT 20720160100.

Acta Odontol. Latinoam. 2023

ISSN 1852-4834

Vol.36 N° 3 / 169-176



Groundwater and risks of fluorosis

175

REFERENCES

1.

10.

11.

12.

13.

Fejerskov O. Changing paradigms in concepts on dental
caries: consequences for oral health care. Caries Res. 2004
May-Jun;38(3):182-91. https://doi.org/10.1159/000077753

. Buzalaf MAR, Pessan JP, Honério HM, Ten Cate JM.

Mechanisms of action of fluoride for caries control. In
Buzalaf MAR (ed): Fluoride and the Oral Environment.
Monogr Oral Sci. Basel, Karger, 2011, vol 22, pp 97-114. 2.

. Narvai PC, Castellanos RA, Frazdo P. Prevaléncia de

carie em dentes permanentes de escolares do Municipio
de Sao Paulo, SP, 1970-1996 [Dental caries prevalence in
permanent teeth of schoolchildren in the Municipality of
Sao Paulo, Brazil, 1970-1996]. Rev Saude Publica. 2000
Apr;34(2):196-200. Portuguese. https://doi.org/10.1590/
S0034-89102000000200015

. Rompante P. Mecanismos preventivos do fluor e carie

dentéria. Instituto Superior de Ciéncias da Satde Norte,
Sociedade Portuguesa de Pediatria. Acta Pediatr Port.
2009;40(5):223-8. https://doi.org/10.25754/pjp.2009.4511

. Pitts NB, Zero DT, Marsh PD, Ekstrand K, Weintraub JA,

Ramos-Gomez F, Tagami J, Twetman S, Tsakos G, Ismail A.
Dental caries. Nat Rev Dis Primers. 2017 May 25;3:17030.
https://doi.org/10.1038/nrdp.2017.30

. Mohammadi AA, Yousefi M, Yaseri M, Jalilzadeh M,

Mahvi AH. Skeletal fluorosis in relation to drinking water
in rural areas of West Azerbaijan, Iran. Sci Rep. 2017 Dec
11;7(1):17300. https://doi.org/10.1038/s41598-017-17328-8

. Demelash H, Beyene A, Abebe Z, Melese A. Fluoride

concentration in ground water and prevalence of dental
fluorosis in Ethiopian Rift Valley: systematic review and
meta-analysis. BMC Public Health. 2019 Oct 16;19(1):1298.
https://doi.org/10.1186/s12889-019-7646-8

. Mohammadi AA, Yousefi M, Yaseri M, Jalilzadeh M,

Mahvi AH. Skeletal fluorosis in relation to drinking water
in rural areas of West Azerbaijan, Iran. Sci Rep. 2017 Dec
11;7(1):17300. https://doi.org/10.1038/s41598-017-17328-
8

. Yousefi M, Asghari FB, Zuccarello P, Oliveri Conti G et

al. Spatial Distribution Variation and Probabilistic Risk
Assessment of Exposure to Fluoride in Ground Water
Supplies: A Case Study in an Endemic Fluorosis Region of
Northwest Iran. Int J Environ Res Public Health. 2019 Feb
15;16(4):564. https://doi.org/10.3390/ijerph 16040564
Bhagavan SV, Raghu V. Utility of check dams in dilution
of fluoride concentration in ground water and the resultant
analysis of blood serum and urine of villagers, Anantapur
District, Andhra Pradesh, India. Environ Geochem Health.
2005 Feb;27(1):97-108. https://doi.org/10.1007/s10653-
004-0786-4

Chuah CJ, Lye HR, Ziegler AD, Wood SH, Kongpun
C, Rajchagool S. Fluoride: A naturally-occurring health
hazard in drinking-water resources of Northern Thailand.
Sci Total Environ. 2016 Mar 1;545-546:266-79. https://doi.
org/10.1016/j.scitotenv.2015.12.069

Chouhan S, Flora SJ. Arsenic and fluoride: two major
groundwaterpollutants. IndianJExp Biol.2010Jul;48(7):666-
78.  https://nopr.niscpr.res.in/bitstream/123456789/9735/1/
1JEB%2048(7)%20666-678.pdf

Akpata ES, Fakiha Z, Khan N. Dental fluorosis in
12-15-year-old rural children exposed to fluorides from
well drinking water in the Hail region of Saudi Arabia.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Community Dent Oral Epidemiol. 1997 Aug;25(4):324-7.
https://doi.org/10.1111/j.1600-0528.1997.tb00947.x
Alarcon-Herrera MT, Martin-Dominguez IR, Trejo-
Vazquez R, Rodriguez-Dozal S. Well, water fluoride,
dental fluorosis, and bone fractures in the Guadiana Valley
of Mexico. Fluoride. 2001;34(2), 39-149. https://www.
fluorideresearch.online/342/files/FJ2001_v34 n2 p139-
1491ig.pdf

Arif M, Husain I, Hussain J, Kumar S. Assessment of fluoride
level in groundwater and prevalence of dental fluorosis in
Didwana block of Nagaur district, Central Rajasthan, India.
Int J Occup Environ Med. 2013 Oct;4(4):178-84. https://
www.semanticscholar.org/paper/Assessment-of-fluoride-
level-in-groundwater-and-of-Arif-Husain/1cb61615a0d37f
655d06fcdbe9456e9dab38ccOf

Gautam R, Bhardwaj N, Saini Y. Study of fluoride content
in groundwater of Nawa Tehsil in Nagaur, Rajasthan. J
Environ Biol. 2011 Jan;32(1):85-9. https://pubmed.ncbi.
nlm.nih.gov/21888237/

Ibrahim YE, Affan AA, Bjorvatn K. Prevalence of dental
fluorosis in Sudanese children from two villages with 0.25
and 2.56 ppm fluoride in the drinking water. Int J Paediatr
Dent. 1995 Dec;5(4):223-9. https://doi.org/10.1111/j.1365-
263X.1995.tb00183.x

Indermitte E, Saava A, Karro E. Exposure to high fluoride
drinking water and risk of dental fluorosis in Estonia. Int J
Environ Res Public Health. 2009 Feb;6(2):710-21. https://
doi.org/10.3390/ijerph6020710

Ismail Al, Messer JG. The risk of fluorosis in students
exposed to a higher than optimal concentration of fluoride in
well water. J Public Health Dent. 1996 Winter;56(1):22-7.
https://doi.org/10.1111/j.1752-7325.1996.tb02390.x
Mandinic Z, Curcic M, Antonijevic B, Carevic M et
al. Fluoride in drinking water and dental fluorosis. Sci
Total Environ. 2010 Aug 1;408(17):3507-12. https://doi.
org/10.1016/j.scitotenv.2010.04.029

Narwaria YS, Saksena DN. Prevalence of dental fluorosis
among primary school children in rural areas of Karera Block,
Madhya Pradesh. Indian J Pediatr. 2013 Sep;80(9):718-20.
https://doi.org/10.1007/s12098-013-1082-z

Rango T, Vengosh A, Jeuland M, Tekle-Haimanot R et al.
Fluoride exposure from groundwater as reflected by urinary
fluoride and children’s dental fluorosis in the Main Ethiopian
Rift Valley. Sci Total Environ. 2014 Oct 15;496:188-197.
https://doi.org/10.1016/].scitotenv.2014.07.048

Ray SK, Ghosh S, Tiwari IC, Kaur P, Reddy DCS,
NagchaudhuriJ. Dental fluorosis in Ledhepur and Rustampur
villages near Varanasi. Indian Journal of Medical Research.
1983;77(1):112-188. https://www.ircwash.org/sites/default/
files/245.4-1876.pdf

Shanthi M, Reddy BV, Venkataramana V, Gowrisankar
S et al. Relationship Between Drinking Water Fluoride
Levels, Dental Fluorosis, Dental Caries and Associated
Risk Factors in 9-12 Years Old School Children of
Nelakondapally Mandal of Khammam District, Andhra
Pradesh, India: A Cross-sectional Survey. J Int Oral Health.
2014  Jun;6(3):106-10. https://www.ispcd.org/userfiles/
rishabh/jioh-06-03-106.pdf

Shomar B, Miiller G, Yahya A, Askar S, Sansur R.
Fluorides in groundwater, soil and infused black tea and

Vol.36 N° 3 / 169-176

ISSN 1852-4834

Acta Odontol. Latinoam. 2023


https://doi.org/10.1159/000077753
https://doi.org/10.1590/S0034-89102000000200015
https://doi.org/10.1590/S0034-89102000000200015
https://doi.org/10.25754/pjp.2009.4511
https://doi.org/10.1038/nrdp.2017.30
https://doi.org/10.1038/s41598-017-17328-8
https://doi.org/10.1186/s12889-019-7646-8
https://doi.org/10.1038/s41598-017-17328-8
https://doi.org/10.1038/s41598-017-17328-8
https://doi.org/10.3390/ijerph16040564
https://doi.org/10.1007/s10653-004-0786-4
https://doi.org/10.1007/s10653-004-0786-4
https://doi.org/10.1016/j.scitotenv.2015.12.069
https://doi.org/10.1016/j.scitotenv.2015.12.069
https://nopr.niscpr.res.in/bitstream/123456789/9735/1/IJEB%2048(7)%20666-678.pdf
https://nopr.niscpr.res.in/bitstream/123456789/9735/1/IJEB%2048(7)%20666-678.pdf
https://doi.org/10.1111/j.1600-0528.1997.tb00947.x
https://www.fluorideresearch.online/342/files/FJ2001_v34_n2_p139-149fig.pdf
https://www.fluorideresearch.online/342/files/FJ2001_v34_n2_p139-149fig.pdf
https://www.fluorideresearch.online/342/files/FJ2001_v34_n2_p139-149fig.pdf
https://www.semanticscholar.org/paper/Assessment-of-fluoride-level-in-groundwater-and-of-Arif-Husain/1cb61615a0d37f655d06fcdbe9456e9dab38cc0f
https://www.semanticscholar.org/paper/Assessment-of-fluoride-level-in-groundwater-and-of-Arif-Husain/1cb61615a0d37f655d06fcdbe9456e9dab38cc0f
https://www.semanticscholar.org/paper/Assessment-of-fluoride-level-in-groundwater-and-of-Arif-Husain/1cb61615a0d37f655d06fcdbe9456e9dab38cc0f
https://www.semanticscholar.org/paper/Assessment-of-fluoride-level-in-groundwater-and-of-Arif-Husain/1cb61615a0d37f655d06fcdbe9456e9dab38cc0f
https://pubmed.ncbi.nlm.nih.gov/21888237/
https://pubmed.ncbi.nlm.nih.gov/21888237/
https://doi.org/10.1111/j.1365-263X.1995.tb00183.x
https://doi.org/10.1111/j.1365-263X.1995.tb00183.x
https://doi.org/10.3390/ijerph6020710
https://doi.org/10.3390/ijerph6020710
https://doi.org/10.1111/j.1752-7325.1996.tb02390.x
https://doi.org/10.1016/j.scitotenv.2010.04.029
https://doi.org/10.1016/j.scitotenv.2010.04.029
https://doi.org/10.1007/s12098-013-1082-z
https://doi.org/10.1016/j.scitotenv.2014.07.048
https://www.ircwash.org/sites/default/files/245.4-1876.pdf
https://www.ircwash.org/sites/default/files/245.4-1876.pdf
https://www.ispcd.org/userfiles/rishabh/jioh-06-03-106.pdf
https://www.ispcd.org/userfiles/rishabh/jioh-06-03-106.pdf

176

Oliveira Chagas F et al.

26.

the occurrence of dental fluorosis among school children
of the Gaza strip. J Water Health. 2004 Mar;2(1):23-35.
Erratum in: J Water Health. 2004 Sep;2(3):215. https://doi.
org/10.2166/wh.2004.0003

Tobayiwa C, Musiyambiri M, Chironga L, Mazorodze O,
Sapahla S. Fluoride levels and dental fluorosis in two districts
in Zimbabwe. Cent Afr J Med. 1991 Nov;37(11):353-61.

27.Zhu C, Bai G, Liu X, Li Y. Screening high-fluoride and high-

28.

arsenic drinking waters and surveying endemic fluorosis
and arsenism in Shaanxi province in western China. Water
Res. 2006 Sep;40(16):3015-3022. https://doi.org/10.1016/j.
watres.2006.06.026

Onipe T, Edokpayi JN, Odiyo JO. A review on the potential
sources and health implications of fluoride in groundwater
of Sub-Saharan Africa. J Environ Sci Health A Tox Hazard

29.

30.

31.

Subst Environ Eng. 2020;55(9):1078-1093. https://doi.org/
10.1080/10934529.2020.1770516

Bérdsen A, Klock KS, Bjorvatn K. Dental fluorosis
among persons exposed to high- and low-fluoride
drinking water in western Norway. Community Dent
Oral Epidemiol. 1999 Aug;27(4):259-67. https://doi.
org/10.1111/j.1600-0528.1998.tb02019.x

Satou R, Oka S, Sugihara N. Risk assessment of fluoride
daily intake from preference beverage. J Dent Sci. 2021
Jan;16(1):220-228. https://doi.org/10.1016/j.jds.2020.05.023
Islam MS, Mostafa MG. Meta-analysis and risk assessment
of fluoride contamination in groundwater. Water Environ
Res. 2021 Aug;93(8):1194-1216. https://doi.org/10.1002/
wer.1508

Acta Odontol. Latinoam. 2023

ISSN 1852-4834

Vol.36 N° 3 / 169-176


https://doi.org/10.2166/wh.2004.0003
https://doi.org/10.2166/wh.2004.0003
https://doi.org/10.1016/j.watres.2006.06.026
https://doi.org/10.1016/j.watres.2006.06.026
https://doi.org/10.1080/10934529.2020.1770516
https://doi.org/10.1080/10934529.2020.1770516
https://doi.org/10.1111/j.1600-0528.1998.tb02019.x
https://doi.org/10.1111/j.1600-0528.1998.tb02019.x
https://doi.org/10.1016/j.jds.2020.05.023
https://doi.org/10.1002/wer.1508
https://doi.org/10.1002/wer.1508

