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Abstract

Fluoride affects bone strength, by replacing hydroxyl ions in bone crystals to form fluoroapatite, and increasing both the osteoblast and
osteoclast activity. Daily intake of naturally fluoridated water, is inevitable in many areas and countries throughout the world, it remains a major
health issue as it has been suggested that fluorides may paradoxically aggravate osteoporosis and increase osteoporotic fractures and several
epidemiological studies have been published showing that there is an increased rate of bone fractures i.e mostly hip fractures in older people in
living in fluoridated areas. This study was carried out to ascertain the fact that high fluoride intake and low calcium may have on bone
deformities in patients.

Introduction the development during the younger years of a healthy bone
structure and an adequate peak bone mass.

The fluoridation debate highlights the dynamics of science and

power. Till date, the dominant narrative has been that water

fluoridation is safe and effective, with advocates claiming strong Flooride intake

scientific support and the endorsement of the practice by major 1

dental and public health bodies as evidence of its effectiveness'™.

This is despite key questions about the efficacy and effectiveness [ Swomach |

of ingested fluoride, concerns about safety, and questions about l

ethics and legality producing a debate that is a potent mixture of

scientific, professional, corporate, and ethical arguments®®. [ Small intestine |

Recentresearch papersprovides a reasoned assessment on the

magnitude of the main positive impact of fluoride ingestion on D (/ - - l)
human health i.e., prevention of dental cariescompared with the / \.

established and potential adverse impacts (Refer Fig.1). In — 4 [ .t-..». -

particular, it raises questions about what an acceptable safety ) ‘ )

margin should be for ingested fluoride and questions why normal
rules of safety normally applied to assessments of harm and benefit
are not applied to water fluoridation.Almost60 years have elapsed

Impact of Neecide in human xystem:

ted Floo
crete || rine

Fig.1 Fluoride distribution in human body

)
since fluoride was proposed for treating the bone mineral disorder [ ) Regular joint } acilied
osteoporosis. Although several prospective studies have shown that / . ,‘ ,} /- Q'. .:,:d‘ l,‘,’,'
fluoride salts are effective in increasing cancellous bone mass in ¢ \)’ A S ,’ Joint
osteoporotic patients, increasing concern has arisen over the ‘L""’ /\""3\\'}
quality of the newly synthesised bone. In fact, clinical studies have \ ;) ‘i &
suggested that fluoride therapy increases spinal bone mineral ‘
density but does not decrease the rate of vertebral fractures. '
Moreover, some studies have even suggested a trend to an increase Necuial Phuceide Treated

in the incidence of fractures in the appendicular skeleton!®".

Healthy bones in the adult and elderly population are dependent on
Fig.2 Skeletal Fluorosis
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Skeletal fluorosis and factors affecting it: Skeletal fluorosis is a
chronic metabolic bone and joint disease caused by ingesting large
amounts of fluoride'. Excessive fluoride intake can disrupt bone
turnover, influences the differentiation of osteoblasts and
osteoclasts and resulting in the development of bone lesions®”
(Refer Fig.2). This eventually causes an imbalance of bone
formation and bone resorption. Skeletal fluorosis may be affected
by multiple factors for eight risk for developing skeletal fluorosis,
and the course the disease will take, can be strongly influenced by
the presence or absence of predisposing factors, which include
impaired  kidney function; dietary deficiencies; genetic
predisposition; gastric acidity; physical/repetitive stress; age; and
pregnancy/lactation. Individuals with kidney disease have
decreased ability to excrete fluoride in urine and are at risk of
developing fluorosis even at normal recommended limit of 0.7 to
1.2 mg/I***?, Previous studies in mice and humans, as well as
epidemiological studies, have demonstrated that severity of dental
fluorosis cannot be explained simply by the amount of fluoride in
the tooth structure, indicating that genetics (susceptiblity to
fluoride) plays an important role in dental fluorosis severity. Based
on that, one can infer that in individuals ingesting the same amount
of fluoride, the dental fluorosis severity will be related to and/or
based on individual susceptibility to fluoride. This study helped 1)
to establish the existence of genetic predisposition to fluorosis and
develop criteria for estimating it, and 2) to prove that
predisposition to fluorosis was associated with the same
dermatoglyphic features in the workers of both industrial groups
suggest that predisposition to fluorosis (chronic toxicity) is
biochemically mediated and genetically determined™**. A study
by Simon et al depicted that high fluoride and low calcium intake
attributed to alveolar bone loss™. This would explain the marked
variation in fluorosis prevalence in areas with comparable levels of
fluoride intake and the selectivity of the disease within the same
area. Further studies are necessary to elucidate the complex
interaction between calcium, iodine, sex hormones, vitamins and
fluoride ions. Skeletal bone undergoes modeling to help it in
adapting to changes in biomechanical forces and remodeling to
remove old, micro-damaged bone and replace it with new bone
which is mechanically stronger that helps in maintaining bone
strength™®. Long bones like the radius, femur and tibia are
composed of a hollow shaft or diaphysis, flared, cone-shaped
metaphyses below the growth plates and rounded epiphyses above
the growth plates. The diaphysis is formed from dense cortical
bone, while the metaphysis and epiphysis are formed from
trabecular meshwork bone which is surrounded by a thin layer of
dense cortical bone!®'. In a study that was done during the period
of 1978 to 1982, and included 4,121 men and 16,272 women who
were aged 45 years and older suffered from hip fracture, living in
39 districts in England and Wales, and were also part of the British
Regional Heart Study. When analyzing the data, hip fracture
discharge rates from the county district were correlated with water
fluoride concentration. However, hip fracture discharge rates and
water fluoride levels were not associated (r=0.16, p=0.34).Re-
analysis of the data was conducted by applying a population
regression model, where significant positive correlation was found
between fluoride concentration and discharge rates for hip fractures
(r = 0.41, p = 0.009). Vitamin D plays an indirect role in this
process. The presence of vitamin D isessential for maintaining
adequate concentrations of calcium and phosphate for bone
mineralization. This is achieved by stimulating the absorption of
calcium and phosphate from the gastrointestinal tract. The mineral
component of bone is responsible for the rigidity and strength of
the bone. The organic matrix gives it its elasticity and flexibility.
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The extracellular bone matrix protein is composed of 85 to 90%
collagenous proteins, mainly type 1| collagen™ . A study
conducted in children found that Vitamin D3 reversed the clinical
features of fluorosis amongst children.

Mechanism of Fluoride action on the bones: Fluoride
concentration in bone is not consistent throughout the body. In the
long bones, the highest concentrations are found at the periosteal
region. A sharp decline in fluoride concentration is noted within a
few millimeters of the periosteal surface and the concentration
increases slightly at the end steal region™”. Fluoride concentrations
also vary in different bone components, with higher fluoride levels
found in the trabecular bone compared to the cortical bone!*®!,

Analytical Methods: Fluoride is usually determined by means of
an ion-selective electrode, which makes it possible to measure the
total amount of free and complex-bound fluoride dissolved in
water. The method can be used for water containing at least 20
pg/litre. For rainwater in which fluoride was present at a
concentration of 10 pg/litre, a detection limit of 1 pg/litrehas been
reported””. A method using a fluoride-selective electrode and an
ion analyser to determine fluoride at levels of 0.05-0.4 mg/litre has
been described. Fluoride can be detected in water, milk and dairy
products using these techniques!®").

Genetic studies and predisposition: Genetic predisposition could
be a factor in the progression of many diseases and also fluoride
induced skeletal deformations however other key factors associated
in this regard like the parasitic infections again due to genetic
factors may lead to skeletal fluorosis®”.Genetic studies of some
mutant nematodes have led to the identification of novel fluoride-
resistant (flr) genes, flrl, flr3, and flr4. The flrl gene encodes an
ion channel belonging to the degenerin/epithelial sodium channel
superfamily, which regulates defecation rhythm. The flr4 gene
encodes a predicted Ser/Thr protein kinase and, like flr-1, appears
to control rhythmic activities in Caenorhabditiselegans'**?*!. The
flr-4 gene is closely related to the human SOK1 gene, a Ste20
protein kinase of the germinal center kinase (GCK) family. The flr-
3 gene remains to be characterized.

Conclusions

This review argues about the modest benefits of chronically
ingested fluoride in caries but it adversely affecting the bone
morphology and integrity. The high fluoride content in drinking
water are thoroughly counterbalanced by its established and
potential diverse adverse impacts on human health. Due to the
abundance of this chemical, it is little surprising that humans ingest
or inhale fluoride from a variety of sources. In the Hippocratic
treatise titled Epidemics, the ethical principle in relation to
controlling disease Primum non nocere (“do good or to do no
harm”) was emphasised. This principle is, at best, not being fully
observed in relation to fluoride-centred prevention interventions,
given the established and potential harms currently attributed to
fluoride in humans. It appears that chronic high fluoride levels, low
calcium in water and diet along with genetic predisposition lead to
skeletal fluorosis and further studies are needed to completely
establish this interactive relationship leading to skeletal
deformation.
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