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ABSTRACT:

Introduction :The purpose of study was to evaluate the fluoride level in drinking water and to determine its
clinical correlation with fluorosis in three districts of Chhattisgarh. M aterials and methods : A cross sectional
study was conducted in 1200 school going children aged 12-15 years in 3 districts of Chhattisgarh (Durg,Raipur
and Rajnandgaon).Water samples were collected and analyzed in order to confirm the fluoride levels. The
districts were stratified based on the concentration of fluoride in drinking water as above optimal, optimal and
suboptimal. The Clinical assessment was carried out using a questionnaire consisted of information in 2 parts:
The first part consisted of information on demographic data, oral hygiene habits, source of drinking water in the
questionnaire; The second part consisted of a table for recording fluorosis using Dean’s index. Results : Among
all the districts studied prevalence of fluorosis in Durg was highest (18.75%) and the level of fluoride in water
was found to be most inappropriate for oral health. Conclusion : This study has ascertained the cause-and-effect
relationship between concentration of fluoride in drinking water and dental fluorosis.

Key words:Dental fluorosis, Dean’s index, prevalence, water fluoride.

INTRODUCTION

Drinking water fluoridation has been gradually carried out at mass level as part of health
promotion in the last few decades.In India, adeveloping countrydental fluorosis exists as an
endemic disease especialy in regions where adequate resources of dental treatment are not
avalablethere is lack of public hedth awareness, motivation and controlled water
fluoridation.These are risk factors which predispose the people living in such areas to dental
disease and fluorosis [1].Classic studies conducted by Dean established the qualitative
relationship between fluoride content in drinking water and the occurrence of dental
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fluorosis. Optimal fluoride uptake is sufficient to confer caries protection on an individual.
However when excessive fluoride is ingested during tooth development it causes denta
fluorosis which is amineralization disorder of teeth.
In 2002-2003National Oral Hedth Survey and Fuoride Mapping, a nationa level
epidemiological study was carried out in which mapping of fluoride level was made a part of
the survey. Findings revealed that the prevalence of dental fluorosis was 10.2 % among 12
year old and 9.9 % among 15 year old children[2].
Endemic fluorosis is an extensively researched health problem in India. Presently 17 out of
29 states in India,constituting a total of 60-70 million people, mostly belonging to rural
areashave been identified as endemic [3]. In Chhattisgarh approximately 10-40 % districts are
affected with dental fluorosis as demonstrated by studies but the exact figures are ill
awaited. Meanwhile sporadic studies conducted in various parts of country revea a
prevalence of dental fluorosis as anywhere between 13-97% [4].The fluoride concentration in
groundwater of India varies considerably from 0.12 to 24.17 ppm [5].
Owing to the paucity of research on the topic of content of fluoride in drinking water and its
relationship with severity of dental fluorosis in Chhattisgarh stateno studies providing
estimation of fluoride level and its clinical correlation with dental fluorosis have been
conducted. Therefore the objective of survey was to evaluate the fluoride level in drinking
water and to determine its clinical correlation with fluorosis in three districts of Chhattisgarh.
Identification of endemic areas could lead to adoption of remedial measures to prevent the
problem of fluoride toxicity.
MATERIALSAND METHODS

|. Study design

A cross sectional study was conducted to estimate the level of fluoride in drinking water

and to assess the prevalence of dental fluorosis among 12- to 15-year-old school children in

3 districts of Chhattisgarh.

[lI. Sampling technique

A Multistage sampling technique was used (Flowchart 1).
[ITA. Fluoride estimation

a. Sourceof water samples
For fluoride estimation, all the administrative blocks of Durg, Raipur, Ragnandgaon were
included. Four villages were randomly selectedfrom each administrative block and water
samples were collected.
b. Collection and analysis of sample

Collection of water samples was done based on the methodology followed in National Oral
Hedth Survey and Fluoride Mapping 2002-2003[2].The water Samples were collected in
good quality half litre sterilized polyethylene bottles without addition of any preservative and
were identified with labels indicating the location of the collection site and date. The samples
were stored at room temperature till the analysis [6]. The fluoride content in drinking water
was analyzed using an ion selective electrode method (Orion 940) in order to confirm the
fluoride levelsin the water samples beforecommencement of clinical examination (Table 1).
11 B. Dental fluorosis assessment
a.Ethical clearance and informed consent
Before starting the study, ethical clearance was obtained from the Ethical Committee of
Rungta College of Dental Sciences and Research, Bhilai. Informed consent was obtained
from the respective school headmasters.
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Flowchart 1: Study Design

Chhattisgarh

v v

Durg Ral 4ur Rajanandgaon

3 blocks* 4 villages |4 blocks* 4 villages |9 blocks* 4 villages

Water samples collected and fluoride analysis done

v/ v
Group | Group |1 Group 111
4 schools 4 schools 4 schools
400 children 400 children 400 children

Examined for dental fluorosis ||

b.Selection of samplefor dental fluorosis

4 schools were randomly selected from each of the 3 districts. A total of 400 children from 4
schools of each district were selected in this manner constituting a sample size of 1200.To
determine the feasibility a pilot study was carried out on 50 school children after random
selection. Practicability of Dean’s index was assessed and prevalence of fluorosis was found
to be 12%.

c.Inclusion and Exclusion criteria

School children aged 12-15 years who were lifelong residents of that particular region and
who were using the same source of drinking water from birth to 10 years of age were
included.

Children who had migrated from some other place or who were not permanent residents of
that particular area and had a change of source of drinking water were not included. Children
with orthodontic brackets and children with severe extrinsic stains on their teeth were
excluded.
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d.Method of calibration of examiner

All examinations were carried out by a single examiner. Calibration of the examiner was
done before the study was conducted and during the study by conducting duplicate
examination of 5% (1 in 20) of the total population; intra-examiner agreement was assessed
with Kappa statistics for dental fluorosis with Kappa levels above 75%.

e.Clinical assessment

Data was collected through individual interview followed by clinical examination. Children
were examined in broad daylight in the school premises on predecided dates. Children were
seated on an ordinary chair in an upright position[7]. The gquestionnaire consisted of
information in 2 parts: The first part consisted of information on demographic data, ora
hygiene habits, source of drinking water in the questionnaire; The second part consisted of a
table for recording fluorosis using Dean’s index[8]. Intraoral examinations weremade using a
mouth mirror and explorer.

STATISTICAL ANALYSIS

Data were computerized and analyzed using the statistical package for socia sciences (SPSS
version 13.0).Non parametric tests were applied as the data were in scores, Kruskal-Wallis
test were used for multiple group comparisons; and Mann-Whitney U test, for group wise
comparison.P value < 0.05 was considered statistically significant.

RESULTS
Water samples from three representative areas were analysed and following groups were
made.

|. Durg — Above optimal Fluoride levels (4.19 ppm)

I1. Raipur — Optima Fluoride levels (1.22 ppm)

I1l. Rajnandgaon — Suboptimal Fluoride levels (0.60 ppm)
Majority of the subjects enrolled in the study were femaes. Out of a total of 1200
respondents enrolled, 662 (55.16%) were females and 538 (44.83%) were males (Table
2).Graph 1 shows comparison of percentage of fluorosis present between both the
groups,Statistically a significant difference among the groups was noted (p<0.05*).Table
3depicts number of children according to age. Children with age 12 years were 326 (27.16),
with age 13 years were 382 (31.83), age 14 years 266 (22.16) and 15 years 226 (18.83). On
comparing statistically between the 4 groups, no significant difference was observed (p>0.05,
Graph 2).
Blockwise distribution reveals that maximum number of affected children 21 (22.6%) and 21
(22.3%) were from school of Dhamdha andDurg respectively and both of these blocks belong
to Durg district while 4 (5.97%) children were affected in Dongargaon which was the least
affected out of 12 block examined in the study. This table aso describes fluoride level and
number of children examined in each block with maximum fluoride concentration being 4.68
ppm in Gadadih and Bharar belonging to Durg only(Table 4).
Out of 3 groups, Group I, Durg showed the maximum prevalence of fluorosis with 75 (18.75
%) children affected which is highest among al the groupswith corresponding highest
community fluorosis index score of 0.37. Group II1Ranandgaon had lowest prevalence of
fluorosis with 31 (7.75%) children affected.(Table 5).
Table 6 illustrates Block wise Pearson correlation and regression analysis between CFl and
fluoride concentration in drinking water which was statistically found to be highly significant
(p<0.001*). Similarly group wise Pearson correlation and regression analysis between CFI
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and fluoride concentration in drinking water statistically found to be significant (p<0.025*).
Therefore it can be concluded that there exists a direct positive relationship between the two.
(Table7)

Kruskal-Wallis test was applied which showed a very strong statistica (P vaue =
0.000*)difference between the groups followed by Mann Whitney U-test showing strong
correlation between Group | and 111 (Table 8).

Graph 1: Differencein Dental Fluorosiswith respect to gender

Difference in Dental Fluorosis with respect to Gender

M Present ™ Absent X2 = 0.046; P<0.05*

859 88.5

115

Male Female

Graph 2: Differencein Dental Fluorosis with respect to age

Difference in Dental Fluorosis with respect to Age
M Present M Absent X?=1.97; p>0.05
87.7 92 88.1
82.2
o 12.3 11.9
- i ]
12 years 13 years 14 years 15 years
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Table 1 Fluoride estimation of water samples

Group Block Fluoride concentration Source of drinking water Average fluoride level of
district
Durg Patan 4.68 ppm Borewell 4.19 ppm
Dhamdha 3.69 ppm Borewell
Durg 4.2 ppm Borewell
Raipur Tilda 1.15 ppm Borewell 1.22 ppm
Dharsiwa 1.22 ppm Borewell
Aarang 1.3 ppm Borewell
Abhanpur 1.2 ppm Borewell
Rajnandgaon Rajnandgaon 0.50 ppm Borewell 0.60 ppm
Dongargarh 0.62 ppm Borewell
Dongargaon 0.62 ppm Borewell
Khairagarh 0.50 ppm Borewell
Churia 0.42 ppm Borewell
Chuikhadan 0.80 ppm Borewell
Chowki 0.50 ppm Borewell
Manpur 0.70 ppm Borewell
Mohala 0.60 ppm Borewell
Table 2 Distribution of sample according to gender
Group Block No. of children examined by sex
Male (%) Total no. of Malein Female (%) Total no. of Female
District in District
Durg Patan 98 (46 %) 115 (54 %)
Dhamdha 23 (24.7 %) 154 70 (75.3 %) 246
Durg 33(35.1 %) 61 (64.9 %)
Raipur Tilda 88 (97.8 %) 2(22%)
Dharsiwa 35 (31 %) 222 78 (69 %) 178
Aarang 51 (52 %) 47 (48 %)
Abhanpur 48 (48.5 %) 51 (51.5 %)
Rajnandgaon Tumdibod 30 (30%) 70 (70 %)
Dongargarh 23 (28.4 %) 162 58 (71.6 %) 238
Dongargaon 39 (58.2 %) 28 (41.8 %)
Khairagarh 70 (46.1 %) 82 (53.9 %)
Total 538 (44.83%) 662 (55.16%)

%?=0.046; p<0.05*
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Table 3Distribution of sample according to age
Group Block No. of children examined by age group
12years (%) 13 years (%) 14 years (%) 15 years (%) Total
Durg Patan 89 (41.78%) 60 (28.2%) 39 (18.3%) 25 (11.73%) 213
Dhamdha 24 (25.8%) 6 (6.5%) 25 (26.9%) 38 (40.9%) 93
Durg 37 (39.4%) 38 (40.4%) 5 (5.3%) 14 (14.9%) 94
Raipur Tilda 7 (7.8%) 43 (47.8%) 24 (26.7%) 16 (17.8%) 90
Dharsiwa 32 (28.3%) 40 (35.4%) 26 (23%) 15 (13.27%) 113
24 (24.5%) 37 (37.8%) 27 (27.6%) 10 (10.2%) 98
Aarang
42 (42.4%) 13 (13.1%) 22 (22.2%) 22 (22.2%) 99
Abhanpur
Rajnandgaon Tumdibod 8 (8%) 37 (37%) 40 (40%) 15 (15%) 100
Dongargarh 24 (29.6%) 19 (23.5%) 13 (16%) 25 (30.9%) 81
Dongargaon 2 (3%) 46 (68.7%) 13 (19.4%) 6 (8.95%) 67
Khairagarh 37 (24.3%) 43 (28.3%) 32 (21.1%) 40 (26.3%) 152
Total 326 (27.16%) 382 (31.83%) 266 (22.16%) 226 (18.83%) 1200 (100%)

Table 4 District, Block and schoolswith corresponding per centage of Dental Fluorosis

Fluoride level No. of Indivisual No. of Child
S.No. District Schools in drinkin 0.of indivisuals | No. of Lhildren

Block e (ppn?) examined affected (%)
1 Dhamdha Dhamdha 42 93 21 (22.6%)
2 Durg Junwani 3.69 94 21 (22.3%)

Durg
3 Patan Gadadih 4.68 68 17 (25%)
4 Patan Bharar 4.68 145 16 (11.03%)
5 Aarang Borid 13 98 14 (14.28%)
6 Abhanpur Sarona 12 99 8 (8.08%)
Raipur
7 Tilda Tilda 115 90 11 (12.22%)
8 Dharsiwa Dharsiwa 122 113 13 (11.5%)
9 Rajnandgaon Tumdibod 0.68 100 5 (5%)
10 Dongargarh Dongargarh 0.62 81 9 (11.11%)
Rajnandgaon

11 Dongargaon Dongargaon 0.60 67 4 (5.97%)
12 Khairagarh Khairagarh 0.50 152 13 (8.55%)
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Table5 Group wise distribution of samples, individuals affected and Community

Fluorosis I ndex

Group No. of individuals No. of affected (%) Community Fluorosis
examined index (CFI)

I 400 75 (18.75%) 0.37

I 400 46 (11.5%) 0.11

1 400 31 (7.75%) 0.07

Table6 Pearson Correlation Coefficient & Linear Regression Analysis between CFI

and Fluoride Concentration in Drinking water (Block wise)

Fluoride CFlI Mean+SDof Mea Correlatio Regresso Significanc
Concentratio Fluoride n+ n n e
nindrinking Concentratio SD of Coefficient Coefficien

water (in ninDrinking CFI “R” t“b” (p value)

ppm) Water

4.2 0.42 1.80+ 1.57 0.17 0.946 0.082 <0.001*

+

3.69 0.37 0.14 (HS)
4.68 0.32

1.3 0.16

1.2 0.09
115 0.11
1.22 0.08
0.68 0.06
0.62 0.11

0.6 0.03

05 0.08
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Table7 Pearson Correlation Coefficient & Linear Regression Analysis between CFl

and Fluoride Concentration in Drinking water (Group wise)

Fluoride CFI Mean+SD Mean+ Correatio Regress Significance
Concentra of Fluoride SD of n ion
tion in Concentra CFlI Coefficien Coeffici (p value)
drinking tionin t“R” ent “b”
water (in Drinking
ppm) Water
4.19 0.37 2+1.92 018+ 0.999 0.085 0.025*
0.16
1.22 0.11 S
0.6 0.07

Table 8 Comparison of prevalence and Severity of Dental Fluorosis between areaswith

different fluoridelevelsin drinking water

Group Fluoride Level No of cases Range of DFI Kruskal
WallisTest (p
value)
| >3 ppm 400 0-4 X?=23.121
[l 0.7-3 ppm 400 0-2 P=0.000*
Il <0.7 ppm 400 0-2 (HS)

Groups Groups! & 111 0.000* (HS), Groups! & Il 0.006*, Group Il & 111 0.057,

Inter group comparisons (Mann Whitney U test)

DISCUSSION

The severity and distribution of fluoride is directly proportional to the fluoride concentration,
duration of exposure to fluoride, stage of tooth maturation and individual susceptibility. It is
considered to be the first sign of systemic toxicity. Dental fluorosis is a preventable
condition. Therefore it is significant from a clinical, public health, and research point of view.
It has wide ranging implications in the community for its cosmetic, environmental, and
caries-preventive effects.

Occurrence of fluoride in drinking water has been widely reported in literature from various
studies conducted in several states of India including Punjab, Tamil Nadu, Uttar Pradesh etc
[9], but Chhattisgarh still needs to be explored. Therefore it was necessary to carry out a
survey in Chhattisgarh, in order to determine the current prevalence of dental fluorosis and
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also to determine the relationship existing between the level of fluoride in drinking water and
severity of dental fluorosis.

Most of the children residing in different areas of Chhattisgarh belong to lower
socioeconomic class. Opinion is divided regarding the importance of association between
socioeconomic status and the level of severity of fluorosis. However in our study social class
differentiation was not deliberate owing to its predominantly rural population

Literature on fluorosisprevalence also reports that dental fluorosis is more in males than in
females. Chandra et a [10]conducted a study to find the relationship between caries and
fluorosisin Lucknow in the age group of 7-14 years. Their findings revealed that the average
percentage of males affected with fluorosis was more as compared to females. The results
were partly explained by the fact that males are more active physicaly, do hard work and
perspire more because of which they consume large amounts of water as compared to
females. Dental fluorosis affects the teeth at the time of calcification (Before 10 years of age).
Since the calcification of most of the permanent teeth except third molars is complete by 10
years of age, the duration of and exposure after this age will not have much influence [11].
The age group of 12 to 15 years was selected in the study as this age group fallsin the index
age group category, specified for basic oral health surveys. 12 years age group is aso the
globa monitoring age for comparing dental disease status between the nations and beyond
the age of 15 years a reliable sample from the school system cannot be drawn. Moreover,
dental fluorosis is more common in permanent dentition than in deciduous dentition, and al
the permanent teeth have erupted by 14 years except third molars[11].

In the present study for determination of dental fluorosis prevalence and to classify the
degrees of fluorosisDean’s Fluorosis Index modified (1942) was selected. This index has
been chosen because it is universally accepted for epidemiological studies of dental fluorosis
and is the one still recommended by WHO in its basic survey manual [7]. It has aso been
found to be sensitive to both qualitative and quantitative assessments. Cleaning and drying of
teeth makes the appearance of fluorosis, moreconspicuous thus making diagnosis easier in
guestionable cases [12].Some practical difficulties were encountered in differentiating
between early surface demineralization due to incipient carious lesion and questionable form
of fluorosis. Therefore, only those subjects in whom we could clearly distinguish between
dental fluorosis and incipient caries were reported in the present study. Irregularly shaped
flecks within the enamel rather than on the surface, and which were not distributed
symmetrically on both the sides of the dental arch were excluded as being idiopathic non-
fluoride enamel opacities [13].

Russell’s criteria was used for the differential diagnosis of non fluoride opaque lesions and
lesions due to mild fluorosis [14]. Clinically, fluoride opacities are white non discrete and
affect homologous teeth. These may varyfrom white striations to extensive involvement of
lusterless enamel; post-eruptive staining or pitting of enamel may occur. The clinical
manifestationin dental fluorosis may thus range from delicate accentuation of perikymata
pattern to confluent pitting or disfiguration along with loss of external part of enamel [15].

In the present study average fluoride level in the above optimally fluoridated area was found
to be 4.19 ppm and the prevalence of fluorosis was 18.75%. Maximum affected blocks also
belonged to above optimally fluoridated areas. Out of 12 schools selectedGadadih (25%),
Dhamdha (22.6%) and Junwani (22.3%) had a fluoride concentration of 4.68, 4.2 and 3.68
ppm respectively.Least fluorosis was observed in Dongargarhwhich had fluorosis prevalence
of 5.97 %.Dongargarh is alow fluoride area with its water fluoride concentration being 0.60
ppm. This can be explainedon the basis of high concentration of fluoride in former regions
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and also the fact that the fluoride in drinking water is the single largest contributor to daily
fluoride intake. The relation is strongly dose dependent and numerous studies have repeatedly
confirmed the Cause- -and-effect relationship between fluoride and dental fluorosis [15].1t is
also noteworthy to mention that moderate and severe form of fluorosis was noted only in area
where fluoride concentration was above optimal.

It was observed that as the fluoride concentration increased from 0.60 ppm to 4.19 ppm, there
was a corresponding significant increase in the severity of dental fluorosis. Thisfinding isin
accordance to the findings reported by number of investigators viz. Forsman, Riordan PJ,
Ng’anga’ PM, Awadia AK, Budipramana, Hamdan M, Ruan JP, America P Pontigo-Loyola,
Marya CM, Shanthi M[16-25].

In the present study the highest prevalence of dental fluorosis was observed in Durg
district which was 18.75%Durg is hence an above optimal fluoride area.On the other handa
study conducted by Dahiya et alin another above optimal fluoride area showed a prevaence
of 92.73% in the village of JuaiKaan, Bhiwani district, Haryana [26].Similarly a 100%
prevalence of dental fluorosis inNalgonda district was noted in a study coded by KM Sudhir
et al[27].Nalgonda has been identified as endemic fluoride belt on the basis of exhaustive
studies.However for direct comparison in state of Chhattisgarh not much information is
available for fluorosis since this area remains largely unexplored. Isolated study conducted
inavillage of Durg district demonstrated a prevalence of 8.2% which was lesser than noted in
our study [28].

On comparison of the above results it was clearly demonstrated that there exists a direct
positive linear relationship between fluoride level in drinking water and prevalence of dental
fluorosis. The positive correlation between fluoride concentration and CFl (community
fluorosis index) score, was in agreement with the results of studies by Ruan JP et a, Acharya
and Kumar [22,29]. These findings were also consistent with the findings of the studies by
Sharma et a in Haryana, India and Ekanayake et a in Sri Lanka[30].Budipramanaet al [20],
Chandrashekhar and Anuradha31], Naidu GM [9] and Shanthi M [25]also recorded similar
findings.

Thus, the factors believed to be responsible for aggravation of fluorosis, apart from fluoride
content of drinking water are, amount of water consumption, mean temperature of the area,
amount of fluoride present on surface of enamel, fluoride content of diet etc. Therefore, in
order to find out in detail the exact causes of enamel fluorosis, all the above factors must be
considered. However covering all the above factors was beyond the scope and purview of the
study, hence these factors were not included [24].

As mentioned previously the fluoride from drinking water was the single largest contributor
to daily fluoride intake. Contribution of dietary fluoride would have been difficult to assess as
information bias could be incorporated. It is expected that the effect of other factors would
not have been considerable so as to cause a significant difference to overall prevalence of
fluorosisas children residing in rural areas are much less exposed to fluoride dentifrices,
mouth rinses and at the same time possess |ess dental awareness.

Although the data in the study are cross sectional and reasonably representative of rura
population they at best provide an insight into concentration of fluoride in drinking water and
prevalence of dental fluorosisin these districts. Population based surveys with a large sample
size and a public health orientation, which cover al the district of Chhattisgarh state are
required for a clear picture to emerge.
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CONCLUSION

This study has ascertained the cause-and-effect relationship between concentration of
fluoride in drinking water and dental fluorosis. Of all the districts studied prevalence of
fluorosis in Durg was highest and the level of fluoride in water was found to be most
inappropriate for oral health. It requires consistent efforts and coordination of public health
planners, administrators and authorities to make it suitable for public health consumption.
Defloridation of water should be prioritized before distribution to reduce the negative
sequelae associated with dental fluorosis. Prospective studies should accommodate the
multifactorial nature of dental fluorosis and should incorporate extraneous factors responsible
for its prevalence.
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