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Fluoride and Fluorosis: Beyond Teeth
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ABSTRACT

Fluoride is a chemical element that is highly
reactive with hydrogen and metals. It is ubiquitous
in water, volcanic areas, acidic soils, vegetation,
animals and food. It is necessary for humans, as it
is considered a micronutrient that plays an
important role in maintaining the structureand
physiology of bones and teeth. Since the early
1990s, fluoride has been recognized as an essential
element in the prevention and treatment of dental
caries, provided it is used in adequate doses, as it
has properties that affect the mineral dynamics of
teeth and bacterial activity. However, excessive use
for long periods can cause serious harm to health.
This  article  presents some  biochemical
characteristics of fluoride,the mechanisms of
actionon the tissues and systems of the human body
and the consequences caused by excessive
consumption, as well as some suggestions for
preventive measures.
Keywords: Fluoride-Dental
fluorosis-Fluoride poisoning

fluorosis-Bone

l. INTRODUCTION

Fluorine (F) is an electronegative
chemical element with atomic number 9 in the
periodic table and is highly reactive with hydrogen
and metals. It is not found in its free form in nature.
It is a natural gas that exists only in combination
with other elements, with low stability, rapidly
soluble in water in its ionic form and is ubiquitous
in water, volcanic areas, acidic soils, vegetation,
animals and food[1,2]. Its consumption is necessary
for humans, as it is considered a micronutrient that
plays an important role in maintaining the structure
and physiology of bones and teeth [3]. Since the
early 1990s, fluorine has been recognized as an
essential element in the prevention and treatment of
dental caries due to its properties on the mineral
dynamics of teeth and bacterial activity [4]. From
1945 onwards, it began to be incorporated into
drinking water for consumption by the population
[5,6], and is considered safe when ingested at
recommended levels, as studies have shown

In turn, fluorosis is recognized worldwide
as a social and public health problem that

compromises the physical and mental state of
millions of people around the world [3], making it
necessary to widely publicize its causes and clinical
consequences, since its recognition is usually late
until the disease develops to an advanced stage
with major clinical repercussions.

Fluorine

Fluorine is a chemical element widely
distributed across all continents, with greater
concentration in areas of volcanic soil,
contaminating  air, water, vegetables and
animals.Water is the main source used by living
beings, but it can also be found in foods such as:
fish, shrimp, seafood containing edible bones
(sardines), fruits, vegetables, gelatins, mechanically
deboned meat (chicken nuggets) [9], tea leaves,
tomatoes, grapes, spinach, elderberries and soft
drinks. Inaddition, other sourcesmay be oral
hygiene products, agrochemicals, pesticides,
medicines, ozone depleters, coal burning
[5,7,8,10,12], manufacturing of iron, steel, zinc,
aluminum, phosphorus, cement, bricks, chemical
fertilizers [11,13,14].

The absorption of F may begin in the oral
cavity. However, oral absorption is mostly done by
the stomach, due to the acidic pH, and the proximal
part of the intestine, by passive diffusion, occurring
rapidly, reaching a peak between 30 and 60
minutes [8,15] and the concentration falling within
6 hours. Due to its high affinity for positive
elements, the absorption of F may be reduced by
calcium contained in food [16,17]. 99% of the
absorbed amount is aggregated to mineralized
tissues [1,6,13] and 1% in soft tissues, with the
largest amount being retained by young bones
compared to those of adults [1]. Children retain
80% to 90% of was absorbed, while adults retain
about 50% [8,9]. Other absorption routes may be
through contact with the skin and through the
lungs, through aerosols [11,18]. Excretion is rapid
and predominantly via the kidneys, which
highlights the important role of thekidneys in
controlling the balance of Fin the body. Saliva,
feces and sweat can also excrete small amounts of
F [19,20].
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Mechanisms of toxicity

Fluoride alters the metabolism and
enzymatic activity of soft tissues, crosses the cell
membrane and causes metabolic, structural and
functional toxicity in practically allorgans [14, 21].
It also acts through other mechanisms such as
protein inhibition, pH changes, damage to
organelles, electrolyte imbalance, compromising
hormone function, causing damage to genetic
material and apoptosis [8,10,14,22,23]. The total
concentration of fluoride in the body increases with
age [13] and the effects may vary according to the
dose, exposure time,ambient temperature, altitude,
nutritional status, blood pH and renal function
capacity [5,6,9,6,17,23]. While plasma
concentrations of fluoride are low, the highest
concentrations can be found in teeth and bones.

Effects of excess fluoride on the body
1. Dental fluorosis

Fluorosis is a defect in the development of
dental enamel related to excessive fluoride
consumption, which makes it more porous and
poorly  calcified, developing stains, sub
mineralization spots, depressions and streaks. The
critical window for the development of dental
fluorosis in response to excessive fluoride intake
ranges from birthto eight years of age [24,25,26].
Fluoride compromises the amelogenesis process by
interfering with the activity of ameloblasts (cells
responsible for enamel formation) and proteins
[26,27] such as amelogenin, causing changes that,
although permanent, can be subjected to some
types of aesthetic treatments such as: dental
whitening, microabrasion, bonding of composite
resin and use of crowns [28]. Exposure to high
plasma levels of fluoride during amelogenesis
results in the formation of hypomineralized porous
enamel. In severe cases, the porosity may extend
toward the dentin-enamel junction. According to
the amount and duration of F ingestion, the lesions
can be classified as mild, moderate or severe,
ranging from superficial changes in the enamel
composed of tiny white spots to corrosion,
manifested by dark yellow-brown spots. Although
dental fluorosis does not cause pain or discomfort,
the impact caused by the appearance ofthe teeth is
responsible for inhibition and embarrassment of
people in many everyday situations [4,29,30].

2. Bonefluorosis

Fluoride has a high affinity for positive
charges, especially calcium. Therefore, tissues with
a lot of calcium attract large amounts of F, which
are deposited as calcium fluoroapatite crystals
[14].1t actsonosteo blasts, stimulating proliferation

and increased deposition in spongy bones,
inhibiting osteoclast activity and altering the bone
crystal —structure, compromising the balance
between bone formation and resorption [18,20]. As
a consequence, bone fragility, skeletal dysmorphia
and a greater risk of fractures occur [8]. Spongy
bones (ribs, pelvis and vertebrae) are more affected
than long bones [13]. The most characteristic
structural changes influorosed bones are: increased
bone mass and density, osteosclerosis,
osteophytosis, exostosis, osteoporaosis,
mineralization of tendons and ligaments,
deformities, compressions, fusion of vertebrae,
joint  stiffness, limitedmovement,  fractures
[7,14,16,19], arthritis, reduced  movement,
paralysis. Difficulties in fracture recovery may
occur due to increased calcineurin activity, which
inhibits osteoclast function [21]. In conditions that
reduce urine pH, fluoride is reabsorbed in the renal
tubules and returns to the blood, which may
aggravate fluorosis [22].

3. General effects

Due to its ability to cross the blood-brain
barrier, F can accumulate in the cerebellum,
hippocampus, motor cortex, and pineal gland
[9,23]. It compromises thyroid function, the
gastrointestinal (vomiting, diarrhea), reproductive
(compromising male fertility by preventing
spermatogenesis), cardiovascular, and urinary
systems [11,14,24]. It alters menstrual cycles and
compromises the uterus and ovaries [16], causes
premature aging (due to oxidativestress), delayed
puberty, and increases the activity of the
parathyroid gland, alkaline phosphatase, and
calcioneurin [21]. Due to its ability to cross the
placenta and itsneurotoxicity, F causes neurological
damage to the fetus [21]. High concentrations of F
in the body are also related to cognitive
impairment, attention deficit hyperactivity disorder,
and low intelligence quotient (1Q) in children
[9,12,14,21,22,25,26,27].

1. CONCLUSIONS

Although fluoride is a micronutrient
necessary for human metabolism, excessive
amounts and chronic use can cause great harm to
the body. In order to identify the changes, it is
necessary to carefully assess the clinical history,
socio-environmental conditions and epidemiology
of fluorosis, since the diagnosis may be delayed or
not even considered, sincethe clinical picture may
simulate arthritis or other diseases in adults
[1,14,30], and rickets and renal osteodystrophy in
children. With the development of agriculture and
the modernization of industry, fluoride pollution
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has become one of the important factors in
environmental contamination, further aggravating
health conditions due to its accumulation.
Therefore, studies on mechanisms of action,
consequences and treatment should be encouraged
in order to better understand all the changes that
can affect living beings [31,32,33],
highlightingmainly the groups at greatest risk, such
as children, pregnant women and the elderly.
Considering that changes in teeth and bones are
irreversible  and  untreatable,  considerable
investment should be made in prevention and
environmental control. Measures such as water
defluoridation, control over water and food intake,
consumption of foods with vitamin C, vitamin E,
antioxidants and calcium, and nutritional education
programs on the harm causedto healthbyexcess
fluoride shouldbeencouraged and supported by
society as awhole [34], in addition to investments
in the development of technological processes such
as nanofiltration, reverse osmosis and advanced
oxidation methods.

REFERENCES

[1]. DharV,BhatnagarM.Physiologyandtoxicit
yoffluoride.IndianJDentRes2009;20:350-
359.

[2]. Shaji E,SarathKV, Santosh
M,KrishnaprasaPK,Arya BK,Babu MS.
Fluoridecontamination in groundwater: a
global review of the status, processes,
challenges, and remedial measures. Geosc
Front 2024;15:1-29.

[3]. Zuo H,ChenL,KongM,Qiu L,LuP,WuP et
al.Toxic
effectsoffluorideonorganisms.LifeSci2018
;198:18-24.

[4]. Samaranayake L, Porntaveetus T, Tsoi J,
Tuygunov N. Facts and fallacies of the
fluoride controversy: a contemporary
perspective. Int Dent J 2025 May 12;75:1-
12.

[5]. Méndez-Estrada RO, Veja-Velasco A,
Barca AMC, Caire-Juvera C. Bone
mineral density, water fluoride intake, and
dental fluorosis in adults from Northwest
Mexico. Oral 2025;30:1-9.

[6]. Kandurti D, Sterbenk P, Artnik B.
Fluoride: a review of use and effects on
health. Mater Socioed 2016;28:133-137.

[71. Barbier O, Arreola-Mendoza L, Del Razo
LM. Molecular mechanisms of fluoride
toxicity. ChemBiollnterc 2021;188:319-
333.

[8]. Johnston NR, Strobel SA. Principles of
fluoride toxicity and the cellular response:

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

a review. Arch Toxicol 2020;94:1051-
1069.

TillC,GrandjeanP,Martinez-
MierEA,HuH,LanphearB.Healthrisksandb
enefitsoffluoride exposure during
pregnancy and infancy. Ann Rev Public
Health 2025;46:253-274.

Strunecka A, Strunecky O. Mechanisms of
fluoride toxicity: from enzymes to
underlying integrative networks. ApplSci
2020;10:1-24.

Thakur R, Rana S, Baltoo R. Exploring
fluoride’s role in diabetes development: a
review. J Trace Element Med Biol
2025;89:1-11.

Xia Y, Ye Y, Liu M, Wang Y, Shang L,
Wang P et al. Impact of iodine and
fluoride intake on children’s IQ in rural
China. Eur J Nutr 2025;64:1-10.

Tiwari KK, Raghav R, Pandey R. Recent
advancements in fluoride impact on
human health:a critical review. Environ
Sustain Indic 2023;20:1-11.

Choubisa SL. A brief review of fluoride-
induced bone disease skeletal fluorosis in
humans and its prevention. J Pharm
Pharmacol Res 2024;7:1-8.

Ghosh A, Mukherjee K, Ghosh SK, Saha
B. Sources and toxicity of fluoride in the
environment. Res Chemintermed
2013;39:2881-2915.

Gonzalez-Gonzalez R, Bologna-Molina R,
Molina-Frechero N. Fluoride exposure,
dental fluorosis, and health. Front Oral
Health 2023;4:1-2.

Chachra D, Vieira APFG, Grynpas MD.
Fluoride and mineralized tissues. Crit Rev
BiomEng2008;36:183-223.

Everett ET. Fluoride’s effects on the
formation of teeth and bones, and the
influence of genetics. J Dent Res
2011;90:552-560.
Lubojanski
ZakrzewskiW,
DobrzynskiW,SzymonowiczM,Rybak  Z,
Mielan B et al. The safety of fluoride
compounds and their effect on the human
body - a narrative review. Materials
2023;16:1-20.

Ciosek Z, Kot K, Kosik-Bogacka D,
Lanocha-Arendarczyk N, Rotter I. The
effects of calcium, magnesium,
phosphorus, fluoride, and lead on bone
tissue. Biomolecules 2012;11:1-26.
Domingos PAS, Ricci-Donato HA, Russi
AKFD. Riscos do uso do flGorsistémico-

A Piesiak-PanczyszynD,

DOI: 10.35629/6018-0704337340

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 339



‘eg

International Journal Dental and Medical Sciences Research
Volume 7, Issue 4, July — Aug. 2025 pp 337-340 www.ijdmsrjournal.com

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

revisio de literatura. J Res Dent
2018;6:86-90.

Alejandro-Veja S, Hardisson A, Rubio C,
Gutiérrez AJ, Jaudenes-Marrero JR, Paz-
Montelongo S. Soft drinks as a dietary
source of fluoride exposure. Biol Trace
Element Res 2023;202:3816-3828.
Pontigo-Loyola AP, Mendoza-Rodriguez
M, Rosa-Santillana R, Rivera-Pacheco
MC, Islas- Granillo H, Casanova-Rosado
JF et al. Controlo f dental caries inchildren
and adolescents wusing fluoride: an
overview of community-level fluoridation
methods. Pediatr Rep 2024;16:243-253.
Gonzéalez-MartinezF,Gomez-
ScarpettaR,SalcedoOB,Bermidez-
ReyesP,Castro-Villamizar P, Cerezo MP
et al. Enamel fluorosis related with
fluoride-containing water ingestion and
urinary excretion in schoolchildren. J
ClinExp Dent 2024;16:51-61.

Portillo FRL, Alcaraz VMR, Valenzuela
JG, Angulo YFM, Jiménez
MVG,Veldzquez AKO et al. Dental
fluorosis: a review.Int J Res Med Sci
2024;12:1306-1310.

Kumar S, Swamy RS, Chhabra V, Mehra
M, Murti K, Saranya K et al. The fluorosis
conundrum: bridging the gap between
science and public health. ToxicolMech
Methods 2024;34:214-235.

Alwadai GS, Huaylah SH, Althobati MK,
AlMutairi FA. Multi-modal management
of dental fluorosis in a family: a case
series Medicine (Baltimore) 2025;104:1-
11.

Srivastava R, Tangade P, Priyadarshi S.
Managing dental fluorosis: A guide to
improving appearance of the teeth. Arch
Dental Res 2023;13:25-29.

Mankar N, Kumbhare S, Nikhade P,
Mahapatra J, Agrawa P. Role of fluoride
in dentistry: a narrative review. Cureus
2023;15:1-11.

Grandjean P. Developmental fluoride
neurotoxicity: an update review. Environ
Health 2019;18:1-16.

Krutzmann MW, Berlese DB, Osoério
DMM, Machado AB, Schreiber D, Jahno
VD. Drinking water fluoridation: a
bibliographic review. Sci J environ
SciBiol 2019;5:18-28.

Taylor KW, Eftim S, Sibrizzi CA, Blain
RB, Magnuson K, Hartman PA et al.
Fluoride exposure and children’s 1Q
scores. A systematic review and meta-

[33].

[34].

analysis. JAMA Ped 2025;179:282-292.
Wu S, Wang Y, Igbal M, Mehmood K, Li
Y, Tang Z, Zhang H. Challenges of
fluoride  pollution in  environment:
mechanisms and pathological significance
of toxicity - a review. Environ
Pollut2022;304:1-11.

Ghosh S, Malloum A, Igwegbe CA,
Ighalo JO, Ahmadi S, Dehghani MH et
al.New generation adsorbents for the
removal of fluoride from water and
wastewater: a review. J Mol Liquids
2022;346:1-11.

DOI: 10.

35629/6018-0704337340

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 340



