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Fluorosis in man and animals is the resultant of chronic exposure of Fluoride (F) for prolonged 
period through F contaminated drinking water and foods and industrial F pollution. However, 
fl uoridated water and industrial F emissions are the major sources of F exposure for humans and 
domestic animals. Chronic F exposure not only deteriorate the health of human beings and animals 
but also causes diverse adverse toxic effects on hard (teeth and bones) and soft (organs) tissues. 
Various F induced pathological changes in teeth and bones are known as dental and skeletal fl uorosis, 
respectively. However, skeletal fl uorosis is more dangerous and highly signifi cant since it diminishes 
the mobility at a very early age and develops crippling or lameness bone deformity. Thousands of 
people and domestic animals are suffering with fl uorosis worldwide. Dental fl uorosis is rampant 
and the commonest form of chronic F toxicosis and appears in subjects of almost all age groups. 
However, children and bovine calves are relatively more sensitive and highly susceptible to F toxicosis 
and revealed the earliest clinical sign of chronic F poisoning in the form of dental fl uorosis. Hence, 
these are ideal bio-indicators for chronic F intoxication or fl uorosis. Nevertheless, the magnitude 
or severity of fl uorosis is much more depending on the density and rate of bio-accumulation of F. 
Biological samples, milk, urine, blood serum, teeth, nails, etc. are better bio-markers for F intoxication. 
However, urine F concentration is the best bio-marker for endemic of F and fl uorosis. In this 
communication, ideal bio-indicators and bio-markers for endemic of F and fl uorosis and diverse 
potential determinants infl uencing the severity of F toxicity (fl uorosis) are considered and briefl y and 
critically reviewed. Findings of this review are useful in making and implementation of health policy 
and the commencement of mitigation and control of fl uorosis programme in F endemic areas where 
it is problematic for human and animal health.

ABSTRACT

INTRODUCTION 
It is well known that excess consumption or intake or exposure of fl uoride 

(F) for prolonged period causes a dreaded fl uorosis disease in both humans and 
domestic animals [1-7]. Thousands of people and domestic animals (cattle, 
buff aloes, camels, sheep, goats, horses, donkeys, etc.) are suff ering with this 
disease in all over the world. In present scenario, fl uorosis is a worldwide health 
problem and several countries are facing with this endemic disease. In fact, F is 
available by naturally and human activities (anthropogenic) in water, air, soil, 
foods, various food chains and ecological webs [5]. However, the groundwater 
and industrial F emissions are the major sources of F exposure. In the world, the 
groundwater of most of the geographical areas is contaminated with F by natural 
geogenic processes such as weathering and leaching of F-rich minerals rocks 
through decomposition, dissociation, dissolution and interaction with water [8]. 
But in certain geographical provinces, freshwater reservoirs are also contaminated 
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with F due to human activities and industrial F emissions. 
These F exposure sources are potential to develop the 
fl uorosis disease in man and animals. If the fl uorosis is 
the resultant of drinking of F-rich water and industrial F 
pollution then it is generally known as “hydrofl uorosis” 
and “industrial or neighbourhood fl uorosis”, respectively. 
In general, hydrofl uorosis is more common and widely in 
occurrence while the industrial fl uorosis is restricted to 
the particular locality or region [5,7,9,10]. From diff erent 
geographical regions, fl uorosis in man and animals has been 
extensively studied and reported by several workers [1,3]. 
However, research studies are limited on various kinds of 
bio-indicators, bio-markers and potential determinants of 
endemic of F and fl uorosis [3]. In this communication, bio-
indicators and bio-markers for endemic of F and fl uorosis 
and diverse determinants or factors infl uencing the 
magnitude of F toxicity or endemic fl uorosis are considered 
and briefl y and critically reviewed. Findings of this review are 
useful in making and implementation of health policy and 
the commencement of mitigation and control of fl uorosis 
programme in F endemic region where F is problematic for 
health of human and animal populations. 

FLUOROSIS
It is well established, over F exposure or excessive 

ingestion and inhalation of F for long-time through any of F 
contaminated sources causes mild to severe F toxicity in the 
form of fl uorosis [1,4]. F is not only damages teeth and bones 
(hard tissues) but also aff ects soft tissues or organs. Once F 
inters into body, it absorbed by digestive and respiratory 
tract and fi nally reaches to tissues or organs of the body 
through blood circulatory system. More than 50% absorbed 
F excreted through physiological processes, excretion and 
perspiration, while rest is retained in the body where it 
accumulates gradually in hard and soft tissues. However, due 
to its greater affi  nity with calcium, it accumulates maximum 
in the calcifi ed or hard tissues (bone and teeth) as compared 
to non-calcifi ed soft tissues (organs). The accumulation of F 
interfere the physiology of various biological systems which 
triggers the genesis of various adverse health eff ects in the 
body. These F induced toxic changes or eff ects are generally 
appeared at or above the threshold level of F (1.0 or 1.5 ppm) in 
drinking water [1,4]. F induced these changes are collectively 
referred as fl uorosis. In general, these pathological changes 
in teeth and bones are permanent, non-reversible and 
visible by necked eyes. However, F induced changes in soft 
tissues are mostly reversible and disappeared on removing 
of source of F exposure [11]. 

Dental luorosis

Fluoride induced dental mottling (dental fl uorosis) is 
the earliest visible, sensitive and indexive sign of chronic 
F intoxication. Clinically, it is characterised by diff use 
hypocalcifi cation which is generally appeared in the form 
of bilateral, striated and horizontal opaque brownish 
pigmented streaks or patches or fi ne dots on teeth surface 

(Figures 1A & 1B). In any F endemic area, dental fl uorosis is 
rampant and the commonest form of chronic F poisoning. 
As the increasing of age and F concentration in drinking 
water, dental fl uorosis become more severe which is 
characterized with development of diastema (gaps) between 
teeth, pronounced loss of the tooth-supporting alveolar 
bone occurs with recession and swelling of the gingival 
tissues and excessive abrasion or irregular wearing of the 
teeth. This worst condition of dental fl uorosis is more 
prevalent in higher age groups and at or above the 2.0 ppm F 
concentration in drinking water [12]. 

Whatsoever, dental fl uorosis causes tooth loss and decay 
which creates a problem in mechanical digestion of food. 
Opaque appearance of dental fl uorosis also causes aesthetic 
changes may trigger social constraints as well as behaviours 
[13]. It may also cause psychological eff ect and leads to 
low confi dence in children and adolescents [14,15]. In fact, 
dental fl uorosis is not only aff ecting the quality of life but 
also aff ecting the oral health in people. Recently, a study 
was conducted in F endemic areas of Eastern Africa revealed 
that the prevalence of tooth decay / loss and oral leukoplakia 
increased with severity of dental fl uorosis. Study also 
revealed that increased esophageal cancer risks are found to 
be associated with moderate and severe dental fl uorosis in 
subjects having more tooth loss/decay [16]. 

The most negative aspect of dental fl uorosis in animals 
is that it ultimately mitigates the life-span of animals. 
When this entity becomes more advance and severe then 
due to diffi  culty in grazing and mastication of foods, the 
animals die at a young age from starving and emaciation 

A)

B)

Figure 1 Dental fl uorosis in cattle calf and children characterised bilateral, 
striated and horizontal opaque deep brownish pigmented streaks (Figure 1A) 
or patches or fi ne dots on enamel surface of front teeth (Figure 1B).
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[1,17]. Nevertheless, the death of animals at a young age has 
greater economic consequences for animal keepers and herd 
owners [4]. 

Skeletal luorosis

Excessive F consumption or exposure alters the 
equilibrium between formation and resorption of bones. 
This physiological process is accomplished by involvement 
of certain regulatory determinants and signalling pathways, 
thereby leading to various bone deformities which are 
known as skeletal fl uorosis. This is very painful and more 
dangerous than dental fl uorosis and highly signifi cant since 
it diminishes the mobility at a very early age by producing 
gradually varying changes in bones of various body regions 
such as periosteal exostosis, osteosclerosis, osteoporosis 
and osteophytosis [18-21]. The excess accumulation of F 
in muscles also diminishes or restricts the various body 
movements and the condition leads to crippling or disabilities 
in humans and lameness in domestic animals (Figures 2A 
& 2B). As increasing of F concentration in drinking water, 
skeletal fl uorosis becomes more severe and develops even in 
children or subjects of low age groups. Once F induced bone 
deformities developed then these are irreversible.

Non-skeletal luorosis 

Besides F induced teeth and bone deformities, the 
most common health complaints in man and animals 
of F endemic provinces are intermittent diarrhoea or 
constipation, abdominal pain, flatulence, urticaria, polyurea 
and polydipsia which have been observed and reported by 
several research scholars from F endemic areas [22-26]. 
However, in many of the F endemic areas cases of repeated 
abortions, sterility, reluctance to reproductive functions 
and erectile dysfunction in male individuals were found 
relatively higher than the non-endemic F areas. Indeed, 
gastro-intestinal discomforts, neurological and impaired 
reproductive dysfunctions are considered as the earlier signs 
of chronic F intoxication in both men and animals [27-29]. 
From many of the F endemic areas, low memory, learning 
ability, Intelligence Quotient (IQ) and cognition in school 
going children have also been reported [30,31]. Several 
studies have also revealed a signifi cant relationship between 
F toxicity, dental fl uorosis and neurotoxicty or impaired 
cognition in children [32]. In fact, F is potential to impair the 
function of central nervous system [33,34]. But involvement 
of exact mechanism at the molecular level is yet not clear. 

Many studies revealed that prolonged exposure of F 
leads to aff ect various blood parameters and accelerate 
the haematological degeneration leading to death of 
erythrocytes or Red Blood Cells (RBC) and causing a 
mild to severe anaemia [35]. In India, in the tribal areas, 
especially in the state of Rajasthan, almost all drinking 
water sources are contaminated with F [5, 8] where genes 
of red cell genetic disorders such as sickle cell anaemia 
(Hb-SS), - and -thalasseamia syndromes and glucose-
6-Phosphate Dehydrogenase (G-6-PD) enzyme defi ciency 
are also endemic [36-42]. Some of these genes are lethal 
and causing a varying degree of anaemia in tribal individuals 
which is more or less depends on their status of appearance. 
Therefore, tribal people having any of these blood cell genetic 
defects are relatively more prone to F toxicosis which may 
cause an early death in them. However, for tits confi rmation, 
more studies are highly suggestive in tribal dominant areas 
to reveal the eff ect of F intoxication in tribal subjects having 
red cell genetic disorders. 

BIO-INDICATORS FOR ENDEMIC OF 
FLUOROSIS

Bio-indicators are those who are potential to reveal the 
presence of pollutants or contaminants by the occurrence 
of unique or typical symptoms or measurable responses. 
These are may be an organisms (animals, humans, 
plants, microbes, etc.) or biological responses which 
deliver information on alteration in the environment by 
changing in one of the ways: physiologically, chemically or 
behaviourally. Hence, these are generally used in assessing 
of environmental health and bio-geographical changes [43-
45].

A)

B)

Figure 2 Cattle and man suffering with severe form of skeletal fl uorosis 
characterised with weak body, indolent, wasting of the body muscles, bulging 
lesion on the legs and ribs and lameness in hind legs in cattle juvenile (Figure 
2A) and common bone deformities such as kyphosis, genu-varum and 
crippling in old subject (Figure 2B).
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For the consideration of ideal bio-indicators for 
endemic of F and fl uorosis in any geographical provinces 
or environment, these should have less resistance or have a 
greater susceptibility to F poisoning. Secondly, these should 
be given an early signs of F intoxication. Children and bovine 
calves are more relevant and more appropriate to consider 
them as bio-indicators for chronic F intoxication. Because 
these have less tolerance of F toxicity or relatively more 
susceptible to chronic F poisoning and potential to reveal 
the earliest clinical or pathognomic sign of F toxicosis in 
the form of dental fl uorosis [46-49]. These are the most 
ideal bio-indicators because they are easily available and 
found almost in all the fl uorosis endemic areas and they 
do not cause any problem to observe for evidence of dental 
fl uorosis.

Recently, a large study was performed in mature and 
immature animals of diff erent species, cattle (Bos taurus), 
water buff aloes (Bubalus bubalis), sheep (Ovis aries), goats 
(Capra hircus), horses (Equus caballus) and donkeys (Equus 
asinus) of such areas where almost all the drinking water 
sources are contaminated with F with varying amount [50]. 
Interesting, among these animals, immature ones were 
found to be more susceptible to F toxicosis (fl uorosis) as 
they have revealed the earliest sign of chronic F poisoning 
which is also dental fl uorosis. However, bovine calves are 
relatively more ideal bio-indicators for endemic of F and 
fl uorosis compared to lames and kids [50]. These fi ndings 
indicate that children and bovine calves both are most ideal 
bio-indicators for endemic of F and fl uorosis. 

BIO-MARKERS FLUORIDE (F) AND IT’S 
INTOXICATION

In general, bio-markers are natural in occurrence and 
they are may be substance, molecule, structure, gene, 
process, etc. whose presence indicates the existence of 
living organisms. These bio-markers are often measured 
and evaluated to examine normal biological and pathogenic 
processes and used as an indicator of some biological state, 
physiological process, disease, etc [51]. F content in the 
environmental samples like forage and fodder indicates the 
persistence of F contamination in the environment [52,53]. 
However, in contrast to morbidity and mortality, F contents 
in biological samples such as milk, urine, blood serum, 
teeth, bones etc. are also better bio-markers for chronic F 
toxicosis in both man and animals [54-57]. For knowing 
the current status of chronic F poisoning, estimation of F 
in blood serum and urine is the most ideal and authentic 
way in man and animals [58]. However, among the various 
bio-indicators of chronic F exposure, urine F concentration 
is generally accepted as the best indicator of endemic of F 
and fl uorosis or chronic F exposure because at the spot, it 
can be easily recollected noninvasively and systematically it 
refl ects the burden of various F exposures such as industrial 
F pollution, fl uoridated drinking water, F contaminated 
foods, etc [59,60]. But the level or concentration of F in 

urine is highly variable in individual to individual and region 
to region and is also infl uenced by age, climate, desert and 
humid environments and F concentration in drinking water 
or in other sources of F exposure [61]. 

DETERMINANTS OF FLUOROSIS
The magnitude of chronic F intoxication (fl uorosis) in 

man and animals living in diff erent geographical provinces 
having almost similar F concentration in their drinking 
water sources is greatly varied. Even in the diff erent species 
of animals living in the same areas, the prevalence and 
severity of osteo-dental fl uorosis are also varied in them. 
Among family members, the severity of F toxicosis is also 
variable. Some has dental fl uorosis but others members 
did not revealed evidence of dental mottling. This indicates 
that besides the F concentration in drinking water some 
determinants or factors are also involved to play a potential 
role in acceleration and infl uencing the chronic F toxicity. 
Based on the studies, these potential determinants are: 
the concentration of F in drinking water and its frequency 
and duration of F exposure, age, sex, habits, nutrition and 
other food constituents, chemical constituents of drinking 
water, Physico-chemical environmental factors as well as 
individual variations in susceptibility, biological response, 
tolerance and genetics [62-69]. However, the prevalence 
and severity of fl uorosis are relatively higher in those people 
who have lower nutritional status, poor quality of foods, 
inadequate amount of calcium and vitamin C nutrients in 
diet and certain bed habits such as regular consumption 
of alcohol, tee, tobaccos, smoking, beetle nuts, etc. In fact, 
calcium and vitamin C nutrients are protective against the F 
intoxication [63,66,67]. 

In a large survey study conducted in domesticated bovine 
and fl ock animals of such geographical provinces where 
drinking water having low F level (1.5-1.7 ppm) [29]. Study 
revealed that grass eaters bovine animals were found to have 
relatively higher prevalence and severe form of fl uorosis 
compared to plant eaters fl ock animals. This indicates 
that bovines are relatively more susceptible to F toxicosis 
compared to fl ocks. Such natural alleviation of F toxicity 
in plant eater animals living in high F endemic areas has 
also been reported [29]. These fi ndings suggest that some 
available chemical substances in foods are responsible for 
making the diff erence and infl uence the chronic F toxicity 
in these animals. In fact, fl ock animals generally feed on 
small delicate fresh leaves, pods and small fruits of trees 
and shrubs which contain ample amount of calcium (Ca) and 
ascorbic acid (vitamin C) nutrients [29]. Both nutrients may 
interfere with the F metabolism and ultimately reduce the F 
toxicity. It is evidently cleared that either these nutrients are 
protective against to F toxicity in humans but whether these 
are protective or not in ruminant animals, more scientifi c 
studies are still needed for its further confi rmation. 
However, authors believe that the magnitude or severity of 
fl uorosis is much more depending on the density and rate of bio-
accumulation of fl uoride in the body. 
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CONCLUSIONS 
Excess exposure of F for prolonged period causes serious 

fl uorosis disease in man and animals. The F-rich water 
and industrial F emissions are the principal sources of F 
exposure which are highly potential for genesis of diverse 
adverse health eff ects (fl uorosis). The presence of fl uorosis 
in any geographical provinces can be predicted by having 
dental fl uorosis in children and bovine calves as these are 
the most ideal bio-indicators for chronic F intoxication. 
In fact, children and bovine calves are highly sensitive to F 
toxicosis and have less tolerance to F and are easily available 
in fl uorosis endemic areas for the observation of dental 
fl uorosis. Biological samples, milk, urine, blood serum, teeth, 
bones, etc. are better bio-markers for chronic F intoxication 
in both man and animals. However, to know the current 
status of F toxicity in any geographical provinces, estimation 
of F in blood serum and urine is the most ideal and authentic 
way. However, urine F concentration is generally accepted 
as the best indicator of endemic of F and fl uorosis. Though, 
the severity of fl uorosis is much more infl uenced by several 
determinants such as F concentration and its frequency and 
duration of exposure, age, sex, habits, nutrients in foods, 
individual susceptibility, genetics etc. However, the severity 
of fl uorosis is greatly infl uenced by the density and rate of F 
bio-accumulation. Interesting, in the rural areas, due to lack 
of knowledge, most of the people still consider fl uorosis as a 
genetic disease because it is also found in their children and 
it is seen from generation to generation, whereas it develops 
due to exposure to F.
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