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ABSTRACT

Objective: The objective of the present study was carried out to explore the potential association between fluoride (F) concentration in drinking
water and severity of skeletal fluorosis (SF) among the children of rural area.

Methods: SF survey was conducted among the children (6-14 years) in two blocks such as (a) Jamwa Ramgarh block in Heerawala, Palera, Nayabas,
Saipur, and Birasana and (b) Amber block in Sunder Ka Bas, Chitanukalan, Jugalpura, Peelwa, and Sirsali in Jaipur district of Rajasthan, India, of the
study villages. A total of 150 (93 male and 57 female) children were surveyed. The role of fluoride (F) concentration in drinking water in the etiology of
SF and the cases of SF was assessed using. The United Nations Children’s Fund three clinical test. The fluoride content in the source of drinking water
was estimated by fluoride ion-specific electrode (Thermo Scientific Orion Star A329, USA).

Results: The fluoride concentration in hand pump (Hp) water which ranges from 2.1 to 15 parts per million (ppm) and tube well (Tw) water ranges
from 0.7 to 6.2 ppm in Jamwa Ramgarh block and Amber block, Hp water which ranges from 0.8 to 5.1 ppm and Tw water ranges from 0.8 to 4.8 ppm.
The prevalence of SF 9 (12%) in Jamwa Ramgarh block and 6 (8%) in Amber block out of 75 children were examined in each block. Significantly
increase in fluoride level in drinking water is positively correlated with SE.

Conclusion: This study has shown the relation of SF to high fluoride levels in the source of drinking water is a major risk factor for SF among the
children. SF is a threat among the children in two blocks of rural area, Jaipur district, Rajasthan.
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INTRODUCTION remodeling occur over a human’s lifespan, SF can progressively worsen
with overexposure to a high fluoride (F) levels. Hence, many conditions
are associated with SF including osteosclerosis, osteomalacia,
osteoporosis, and secondary hyperparathyroidism; severity is also
varied, ranging from mild joint pain to crippling disabilities and severe
bone deformations [10,11]. The effects of the higher concentration of
F exposure on rapidly developing bones in young children are not well
understood. Fluoride (F) can alter accretion and reabsorption of bone
tissue or interrupt the homeostasis of mineral metabolism in bone.
Increased metabolic turnover of bone impaired synthesis of bone or
fluoride (F) accumulation in the crystal lattice of skeletal tissue. This is
very important mechanisms for how fluoride (F) affects bone tissue in
rapidly growing children [12,13].

Fluorine is the most electronegative element and widely distributed as
fluoride in nature. Drinking water is the major source of fluoride intake by
humans [1]. Fluoride can easily cross the cell membrane and is distributed
in cardiac and skeletal muscle, liver, skin, and erythrocytes [2,3]. Fluoride
(F) is toxic to all the systems and causes oxidative stress in various tissues
of the human body [4]. In India, fluorosis (due to consumption of excess
fluoride) is the most prevalent endemic disease which coexists in certain
regions in the country. Fluorosis is mainly of three types, i.e., dental,
skeletal, and non-skeletal fluorosis (NSF). Skeletal fluorosis (SF) is a
global disease not new to India, the reason being the shortage of good
quality drinking water and consumption of fluoride (F)-enriched water
by the people both in urban and rural areas. Fluorides are mainly found
in ground water (GW) when derived by the solvent action of water on the All the 33 districts in Rajasthan are endemic for fluorides [14]. A higher
rocks and the soil of the earth’s crust [5]. The Bureau of Indian Standards
has set a 1.0 parts per million (ppm) maximum permissible limit of
fluoride in drinking water and when no other source of drinking water
available use more than 1.5 ppm [6]. Fluoride (F) enters the human body
mainly through water, food, industrial exposure, drugs, cosmetics, etc [7].
Toothpowder and toothpaste are containing 1000 ppm fluorides [8]. The
available data suggest that, in India, 15 states are endemic for fluorides
(F level in drinking water >1.5 ppm) and about 62 million people in India
suffer from dental, skeletal, and NSF. Out of these, 6 million children are METHODS
below the age of 14 years [9].

level of fluoride (F) in source of drinking water was also found in rural
areas of Northern Rajasthan. Fluorosis has been appeared as a very serious
problem in this region [15]. Very little research studies have been published
in the field of SE. In the present study, an attempt was made to understand
the relationship between F in sources of drinking water and severity of SE.
Hence, the objective of the present study was to assess the SF among the
children in two blocks of rural area, Jaipur district, Rajasthan, India.

Study areas
SF is a chronic metabolic bone disease that occurs when excess The study was conducted in the two blocks of rural area such as (a)
amounts of F accumulate in bone tissue. Because bone growth and Jamwa Ramgarh block in Heerawala, Palera, Nayabas, Saipur, and



Meena et al.

Birasana and (b) Amber block in Chitanukalan, Sunder Ka Bas,
Jugalpura, Peelwa, and Sirsali in Jaipur district, Rajasthan, India with
more than 1.5 ppm concentration of fluoride in source of drinking water,
respectively (Public Health and Engineering Department, Government
of Rajasthan, Jaipur, and Ministry of Drinking Water and Sanitation,
Government of India).

A total of 150 (93 male and 57 female) children (6-14 years old)
exhibiting SF-consuming fluoride-contaminated water in endemic
fluorosis areas of two blocks of rural area, Jaipur district, Rajasthan,
India, were selected through a village-level survey was conducted to
assess the SF among the children. After obtaining an informed written
consent in local language, the data were recorded in a pretested, semi-
structured, validated questionnaire consisting of the sociodemographic
profile and few questions on sources of drinking water, types of food
consumed, and use of fluoride-containing products.

All children were examined for SF by The United Nations Children’s

Fund clinical test: Three simple clinical tests [16].

1. Coin test: The participants were asked to lift the coin from the floor
without bending the knee. A fluorotic participant was not able to lift
the coin without flexing the large joints of the lower extremity

2. Chin test: The participants were asked to touch the anterior wall of
the chest with the chin. Participants who were unable to perform due
to pain or stiffness in the neck; it indicates the presence of fluorosis

3. Stretch test: The participants were asked to stretch the arm sideways,
fold at elbow, and touch the back of the head. Participants who were
unable to perform due to pain and stiffness, it indicates the presence
of fluorosis.

Collection of water sample and analysis

Source of drinking water from (hand pump [Hp] and tube well
[Tw]) was collected in plastic tubes (Tarsons, India) and fluoride (F)
concentration in drinking water was estimated with the help of an F
ion specific electrode (Thermo Scientific Orion Star A329, USA) using
the method of Hall et al. [17]. Detail methodology was described in our
earlier communication.

Ethical clearance

Protocol for this study was approved by the Institutional Ethical
Committee of Desert Medicine Research Centre (DMRC), Jodhpur,
Rajasthan, India. Informed written consent was obtained from each
participant or their parents or legal guardians.

RESULTS

Fluorosis is a major public health problem in India as well as in
Rajasthan. Study area is Jaipur district of Rajasthan, India. Male and
female children age from 6-14 years old was selected for the study.

DISCUSSION

A total of 150 (93 male and 57 female) children were involved from
the two blocks of rural area, Jaipur district, Rajasthan. Each block
was divided into five villages. A total of ten villages were involved in
the study. From each village, 15 children were involved in this study
protocol. Village-wise household survey was also carried out for
estimate the fluoride content in the source of drinking water in the
both block of rural area, Jaipur district, Rajasthan. A higher amount
of the F content was found in Birasana village, Hp water which
ranges from 8.5-15 ppm, Tw water (2.5-6.2) followed by Saipur Hp
(9.50 ppm), Tw (2.2-4.8), Palera Hp (2.6 ppm), Tw (1.0-2.8 ppm),
Heerawala Hp (2.1 ppm), Tw (0.8-2.7 ppm), and Nayabas Tw (0.7-
2.10 ppm) in Jamwa Ramgarh block of the Jaipur district, Rajasthan
in Table 1. Village-wise household survey was also carried out in an
Amber block of Jaipur district to estimate the fluoride content in the
source of drinking water. A higher amount of the fluoride content was
found in Sirsali village, Hp water which is 5.1 ppm, Tw (2.2-4.8 ppm),
followed by Peelwa Hp (2.5 ppm), Tw (0.8-3.5 ppm), Sunder Ka Bas
Tw (0.9-2.5 ppm), Jugalpura Hp (0.8 ppm), Tw (2.0-2.5 ppm), and
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Chitanukalan Hp (2.0 ppm), Tw (1.4-2.2 ppm) in Amber block of the
Jaipur district, Rajasthan in Table 2.

SF cases are higher in Birasana village. Fluorotic children were
showed clinical signs and symptoms in Fig. 1. Pain in major joints (5),
cannot touch chin with chest (5), cannot bending forward and touch
the feet (4), cannot stretch the arms sideways and touch the back of
head (4) followed by Saipur, pain in major joints (3), cannot touch chin
with chest (1), cannot Bending forward and touch the feet (3), cannot
stretch the arms sideways and touch the back of head (3), Palera pain
in major joints (1), cannot touch chin with chest (1), cannot stretch
the arms sideways and touch the back of head (1) in Jamwa Ramgarh
block of Jaipur district, Rajasthan in Table 3. In Amber block, SF cases
are high in Sirsali village. A fluorotic children were showed clinical
signs and symptoms such as pain in major joints (3), cannot touch chin
with chest (3), cannot bending forward and touch the feet (3), cannot
stretch the arms sideways and touch the back of head (3) followed
by Peelwa, pain in major joints (2), cannot touch chin with chest (2),
cannot bending forward and touch the feet (1), cannot stretch the arms
sideways and touch the back of head (2), Sunder Ka Bas pain in major
joints (1), cannot touch chin with chest (1), cannot stretch the arms
sideways and touch the back of head (1) in Amber block of the Jaipur
district, Rajasthan in Table 4. No case of SF was found in Heerawala,
Nayabas in Jamwa Ramgarh block and Chitanukalan, Jugalpura in
Amber block of the Jaipur district, Rajasthan in Tables 3 and 4.

Fig. 1: Skeletal fluorosis: (a) Stretch test, (b) coin test

Table 1: Fluoride concentration in drinking water sources of the
selected five villages District: Jaipur 1. Block: Jamwa Ramgarh

S. No. Name of village Fluoride concentration in
drinking water sources (ppm)
Hp Tw
1 2 1 2 3
1 Nayabas - - 1.9 0.7 2.1
2 Heerawala 2.1 - 0.8 2.7 -
3 Paleda 2.6 - 1.0 2.8 -
4 Saipur 9.5 - 4.8 4.5 2.2
5 Birasana 8.5 15.0 6.2 2.5 -

HP: Hand pump, TW: Tube well, ppm: Parts per million

Table 2: Fluoride concentration in drinking water sources of the
selected five villages District: Jaipur 2. Block: Amber

S. No. Name of village Fluoride concentration in
drinking water sources (ppm)
Hp Tw

1 2 3

1 Chitanu Kalan 2.0 1.4 2.2 -

2 Jugalpura 0.8 2.0 2.5 -

3 Sunder Ka Bas - 2.5 0.9 2.3

4 Peelwa 2.5 0.8 3.5 -

5 Sirsali 5.1 4.8 3.5 2.2

HP: Hand pump, TW: Tube well, ppm: Parts per million
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The fluoride (F) concentration in sources of drinking water (Hp and Tw)
was ranged from 2.1 to 15 ppm and 0.7 to 6.2 ppm in Jamwa Ramgarh
block and Amber block (Hp and Tw water) were ranged from 0.8 to 5.1
ppm and 0.8 to 4.8 ppm in Jaipur district, Rajasthan. Both in Tables 1
and 2, data show that the F concentration in Hp water was found
more as compare to Tw water sources. World Health Organization was
prescribed the maximum permissible limits of 1.5 ppm fluoride (F)
concentration in drinking water [18]. This indicates that the occurrence
of fluorosis in an area can be affected by a number of other factors such
as nutritional status, difference in lifestyles, altitude, climate, individual
susceptibility and biological response, duration of fluoride exposure,
and dissolved salts in drinking water [19]. Organic and inorganic
pollutants in ground water are hazardous for human health [20]. In
Rajasthan, indigenous rocks are a rich source of fluoride in drinking
water and ground water around the mica mines as Rajasthan has rich
sources of mica.

The prevalence of SF can be estimated using clinical symptoms and
ability to do physical exercises as developed [21] and used by [22].
The prevalence of SF 9 (12%) in Jamwa Ramgarh block and 6 (8%)
in Amber block out of 75 children were examined in each block has
shown in Tables 3 and 4. In India, SF was also found in the children
with low prevalence (5.2%) but at high F concentrations (4.8 ppm) in
drinking water [23]. The prevalence of SF manifestations was found to
be 6.6-26.2% in a study was conducted in two fluoroses (F) endemic
blocks of West Bengal, India [24]. Similar to the present study findings,
adults and male participants were shown 18.46% prevalence of SF
in Agra district [25]. Severe bone deformities in endemic fluorosis
have also been identified among the children who live in India. In a
recent study, signs of SF including Genu valgum, Genu varum, and
anterior bowing of legs were identified in children aged 1-18 years,
who resided in endemic fluorosis villages of the Bihar State, India.
Study investigators concluded that high rates of SF among children
in this region are due to overexposure to high fluoride (F) levels
coupled with serious vitamin and mineral deficiencies, especially
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calcium and Vitamin D deficiencies [12]. In this study, we were not
able to conclude whether the vitamin and mineral intake among the
children. It is possible that the severity of SF cases among the children
in Jamwa Ramgarh and Amber block of Jaipur district, Rajasthan may
vary due to other factors that could include the children diet and
intake of vitamins and minerals necessary for proper bone growth
and development. Further investigation is necessary to assess all the
potential factors that contribute to SF incidence and severity among
children. In the present investigation, in summary, as well as the water
fluoride (F) levels being positively correlated with the severity of SF
among the children. However, due to the many limitations in this
study, more research with larger sample sizes is needed to arrive at
any conclusion.

CONCLUSION

Our data show the prevalence of SF9 (12%) in Jamwa Ramgarh blockand
6 (8%) in Amber block among the children of Jaipur district. A higher F
level in source of drinking water is a major risk factor for SE. This study
is important as it can be providing baseline information and data about
SF to public health authorities to control fluoride content in drinking
water sources by establishing defluoridation unit and also provide
proper health education, dietary practice of calcium and magnesium-
rich cereals, vegetables, dairy products, and the use of rainwater for
household consumption and preparation of food might help in reducing
risk of fluorosis and intervention study may be planned in the future to
control the fluorosis problem among the children of rural area, Jaipur
district, Rajasthan, India.
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Table 3: Clinical signs and symptoms of skeletal fluorosis among children of Jaipur district: 1. Block: Jamwa Ramgarh

S.No. Name of Number of Male Female Clinical signs and symptoms of SF Prevalence
village children children children .. . of SF in
. Painin Cannot Cannot bending Cannot stretch .
examined . children (%)
Age (6-14 years) major  touch chest forward and the arms
g joints with chin touch the feet sideways and
touch the back
of head
1 Paleda 15 5 10 1 1 - 1 1(6.6)
2 Heerawala 15 12 3 - - - - 0
3 Nayabas 15 11 4 - - - - 0
4 Saipur 15 7 8 3 1 3 3 3(20)
5 Birasana 15 5 10 5 5 4 4 5(33.3)
Total 75 40 35 9 7 7 8 9(12)
SF: Skeletal fluorosis
Table 4: Clinical signs and symptoms of skeletal fluorosis among children of Jaipur district: 2. Block: Amber
S.No. Name of Number of Male Female Clinical signs and symptoms of SF Prevalence
village children children children .. . of SF in
. Painin Cannot Cannot bending Cannot stretch .
examined . children (%)
major  touch chest forwardand the arms
Age L. . . .
(6-14 years) joints with chin touch the feet sideways and
touch the back
of head
1 Chitanu Kalan 15 12 3 - - - - 0
2 Jugalpura 15 10 5 - - - - 0
3 Sunder KaBas 15 8 7 1 1 - 1 1(6.6)
4 Peelwa 15 12 3 2 2 1 2 2(13.3)
5 Sirsali 15 11 4 3 3 3 3 3(20)
Total 75 53 22 6 6 4 6 6(8)

SF: Skeletal fluorosis
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