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Abstract:
Background: The present study was conducted to assess the 
relationship between drinking water fluoride (F) levels, dental 
fluorosis and dental caries among 9-12 years old school children of 
Nelakondapally Mandal, Khammam district, Andhra Pradesh.
Materials and Methods: A  cross-sectional analytical study was 
conducted on 1500 school children aged 9-12  years, selected by 
stratified random sampling from different areas with different 
levels of naturally occurring F in drinking water. The children 
were assessed for dental fluorosis according to WHO basic survey 
guidelines. The overall oral health status of the child was assessed 
by decayed missing filled teeth (DMFT)/dmft index. Statistical 
analysis was done using mean, standard deviation, standard error, 
Z-test, ANOVA test, and Chi-square test.
Results: The results of the present study revealed that the prevalence 
of fluorosis was 74.9%. Number of children having dental fluorosis 
was highest in children who consume water from bore wells. 
Caries prevalence in the study population was about 56.5%. Caries 
prevalence and mean DMFT/dmft scores were least in children with 
optimal F areas and highest in children with below optimal F areas.
Conclusion: There was moderate prevalence of fluorosis 
in Nelakondapally Mandal of Khammam district, and caries 
prevalence is high in areas below optimal F areas.

Key Words: Child dental caries, Dean’s fluorosis index, DMFT/
dmft index, dental fluorosis, fluoride

Introduction
Dental caries remains a major public health problem in most 
of the industrialized countries, affecting 60-90% of school 
children and the vast majority of adults according to WHO 
report. It is also the most prevalent oral disease in several Asian 
and Latin American countries. The incidence of dental caries is 
increasing due to high consumption of sugars and inadequate 
exposure to fluoride (F).1

Among all the caries-preventive strategies, discovery of F and 
its remarkable properties in the prevention of dental caries 
is a classic example of extensive epidemiological research 
conducted in various parts of the world. The cariostatic effect 
of F occurs when F gets incorporated into the enamel during 
tooth development, whereas dental fluorosis results in the hypo 
mineralization of tooth enamel due to the continuous ingestion 
of the excessive amount of F during tooth development. This 
results in a variety of pathological changes in the structure of 
teeth. If this is not prevented during childhood it can hamper 
dental esthetics and psychological well-being of the child.2 In 
such scenario dental fluorosis is regarded as an unfortunate 
side-effect to F’s caries-protective benefits.3

Over the last decade, there has been some concern about the 
prevalence of fluorosis all over the world, India being one 
of them.4,5 Fluorosis is endemic in 20 states of India and it 
continuous to remain a challenging national dental health 
problem. Nelakondapally Mandal of Khammam district is one 
such endemic fluorosis area of Andhra Pradesh, where most of the 
habitations have high F levels in the drinking water. Until today, 
no data is available on the prevalence of fluorosis and caries in 
this district. This makes Nelakondapally Mandal an ideal place 
for the present descriptive epidemiological study, to determine 
the caries experience in children having dental fluorosis and the 
correlation between these two interrelated oral afflictions.

Materials and Methods
Study design
A cross-sectional analytical study was conducted among 
9-12  years old school children of nelakondapally mandal, 
Khammam district, Andhra  Pradesh. Data were collected 
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using a pre-tested and structured questionnaires followed by 
intra oral examination. The questionnaire that was used to 
collect information consists of two parts. First part consisted 
of information on demographic data, permanent residential 
address, and source of drinking water, staple food, liquids 
routinely consumed and oral hygiene aids. Second part consisted 
of tables to record dental caries and dental fluorosis6 (WHO 
criteria).

Sample size and sampling technique
A stratified random sampling technique was used. The entire 
geographical area of Nelakondapally mandal was divided into 
3 strata, based on the concentrations of naturally occurring 
F in drinking water (Table 1). The F levels in drinking water 
for the purpose of stratifying the district were obtained from 
the documented records of the office of the chief engineer, 
department of rural water supply, Khammam and were correlated 
with water analysis done at Panchayatraj internal water quality 
monitoring laboratory, Zilla Parishad (Z.P.), Nalgonda.

Collection and analysis of water samples
Collection of water samples was done based on the methodology 
followed in National Oral Health survey and F Mapping 2002-
2003.7 Sufficient numbers of plastic bottles were carried to 
the schools. Water was collected from drinking source, which 
was used by children. All the bottles were labeled. The water 
samples were sent to the laboratory of “Panchayat Raj internal 
water quality monitoring laboratory, Z.P Nalgonda,” to confirm 
the F levels, before the commencement of clinical examination. 
The  F concentration of water was analysed using pH/ion 
meter (720A Orion, Thermo Fisher Scientific Inc., Waltham, 
MA, 2005 model) coupled with an ion specific electrode for 
fluoride (Model 9609BN, Orion Research Inc., MA, USA).

The children who satisfied the following criteria were included 
in the study.
1.	 School children, aged 9-12 years irrespective of sex, race, and 

socioeconomic status who were residents of that particular 
region and using the same source of drinking water

2.	 Children with more than 50% of the crown erupted and no 
fillings on the facial surface of anterior teeth

3.	 Children who were cooperative.

Exclusion criteria
The children who had the following characteristics were 
excluded from the study.
1.	 Children who had migrated from some other place or who 

were not the permanent residents of that particular area
2.	 Children who obtained their drinking water from more 

than one source
3.	 Children with orthodontic brackets were excluded as this 

hindered diagnosis of enamel defects
4.	 Children with severe extrinsic stains on their teeth in whom 

assessing fluorosis is not possible
5.	 Children with any communicable or systemic diseases and 

fractured anterior teeth.

Prior permission was obtained from the district educational 
officer, Khammam. Informed consent was obtained from the 
school heads, on behalf of students and their parents before 
the intra-oral examinations.

Clinical examination
Type-III clinical examination,9 as recommended by American 
Dental Association was followed throughout the study for intra 
oral examinations.

Data analysis
The information collected from questionnaires, clinical 
examinations and F analysis was computed and subjected 
to statistical analysis using the Statistical Package for Social 
Sciences (SPSS version 10, SPSS Inc., Chicago, USA-1983). 
Quantitative data was summarized using means and standard 
deviations. ANOVA test was used to find significant differences 
between different groups. Student’s test was used to compare 
two means. Qualitative data was analyzed for differences in 
proportions by using Chi-square test for independence. The 
level of significance was set at 0.05%. If P < 0.05, the results 
were considered as statistically significant.

Results
Among the total population of 1500 children, 324 belonged 
to the age group  9-10  years, 652 belonged to the age 
group  10-11  years, and 524 belonged to the 11-12  years. 
822 (54.8%) were boys and 678 (45.2%) were girls. Majority 
of respondents (87.3%) used bore well water for drinking 
purpose  (Figure  1). The main staple food of the study 

Table 1: Three strata with different F levels in drinking water inclusion 
criteria.8

Levels/strata F content in ppm
Level 1 <0.7
Level 2 0.7‑1.2
Level 3 1.3‑3.5
F: Fluoride

Figure 1: Distribution of study population according to source 
of drinking water.
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population was rice (88.6%). Apart from drinking water, tea 
was the most frequently consumed beverage (77.5%). The 
consumption of sugar in the study population was about 
(61.3%) in boys and (38.7%) in girls.

The prevalence and severity of dental fluorosis among the 
study population using Dean’s index criteria in areas with 
different F levels in drinking water is presented in Figure 2. 
The prevalence of fluorosis was 74.8% of which majority had 
fluorosis in strata 3. The association was found to be significant 
using ANOVA test for multiple group comparisons. The 
results of Mann–Whitney U-test for group wise comparisons 
were also highly significant (P < 0.001 [highly significant]). 
The Dean’s scores increased with increased F levels in 
drinking water. Prevalence and severity of dental fluorosis 
among children with different sources of drinking water and 
group wise comparison using Mann–Whitney U-test showed 
children who consumed water from bore wells suffered more 
from fluorosis than who consumed water from other source. 
Table 2 illustrates the prevalence of dental caries among the 
study population. Mean decayed missing filled teeth (DMFT) 
and dmft of the study population was about 1.28 ± 1.82 and 
0.85 ± 0.16, respectively. Table 3 represents the prevalence of 
dental caries with different water F concentrations and one-
way ANOVA for comparison of means is highly significant. 
Table 4 represents prevalence of dental caries with different 
source of drinking water. The greatest mean DMFT and dmft 
was observed in the area with F concentration of 0.0-0.6 ppm. 
The prevalence and severity of dental caries was not significant 
among children, who consumed sweets at different frequencies 
and who used different oral hygiene aids. There was statistically 
significant association between drinking water F concentration 
with dental fluorosis and dental caries. Results were presented 
as mean ± standard deviation for quantitative data and number 
and percentage for categorical data.

Discussion
A number of studies10-13 have been conducted in various 
parts of India to collect epidemiological data on fluorosis and 

dental caries, but still current update is required. This was 
one of the main reasons for selecting this area for the present 
investigation. School children were selected for the study 
because they can be easily examined and also review can be 
carried out if necessary.

Many studies in the past have proved the direct link between the 
degree of dental fluorosis and the amount of F in drinking water 

Figure 2: Prevalence and severity of fluorosis in study population according to Dean’s fluorosis index (WHO criteria) scores.

Table 2: Prevalence of dental caries among study population.
Range Total score Mean±SD

DT 0‑14 1662 1.27±0.73
MT 0‑1 11 0.008±0.02
FT 0‑2 12 0.009±0.12
DMFT 0‑14 1685 1.28±1.82
Dt 0‑14 83 0.43±0.06
Mt 0‑5 59 0.31±0.08
Ft 0‑2 22 0.11±0.04
DMFT: Decayed missing filled teeth, DT, Dt: Decayed teeth, MT, Mt: Missing teeth, 
FT, Ft: Filled teeth, SD: Standard deviation

Table 3: Prevalence of dental caries with different water fluoride 
concentration.

Stratum (ppm) Mean±SD
DMFT dmft

1 (0.0‑0.6) 3.8±1.65 0.12±0.45
2 (0.7‑1.2) 0.33±0.34 0.3±0.43
3 (1.3‑3.5) 1.03±0.19 0.6±0.37
Total 2.49±0.18 0.26±0.11
Kruswal-Wallis ANOVA test: χ2=185.4; P<0.005 (HS). Mann-Whitney U‑test for group 
wise comparison are highly significant. SD: Standard deviation, HS: Highly significant, 
DMFT, dmft: Decayed missing filled teeth

Table 4: Prevalence of dental caries with different sources of drinking water.
Source of drinking water Mean±SD

DMFT dmft
Bore well 0.85±0.21 0.26±0.14
Draw well 1.07±0.88 0.75±0.11
Other sources 0.53±1.41 0.13±0.08
Total 0.49±0.18 0.26±0.11
Kruwal-Wallis ANOVA test: χ2=173.5; P<0.005 (HS). Mann-Whitney U‑test for group wise 
comparison are significant. DMFT, dmft: Decayed missing filled teeth, SD: Standard deviation, 
HS: Highly significant
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in different countries.14-17 The important milestone discovery 
by Dean et al. 1942 (as cited by Tiwari A ,1986)18 states that, 
1 ppm of F in drinking water has maximum reduction of caries 
and very mild dental fluorosis. The recommended level of water 
fluoridation for optimal dental caries reduction is 0.7-1.0 ppm, 
with 4.0 ppm being the maximum contaminant level allowed 
by the environmental protection agency.19

Neither the socioeconomic status, age, nor the gender of the 
child had any influence on the prevalence of dental fluorosis 
in our study group (P > 0.05). Furthermore, no significant 
association was found between the various oral hygiene 
measures, diet intake and sea food consumption with dental 
fluorosis. Tea20 is a rich source of F, and its intake is supposed to 
cause fluorosis. The contrary observation in the present study 
can be attributed to the limited consumption of tea and also 
changing habits of beverage consumption with age.

Water obtained from different water sources, located closely 
in a same village showed different concentrations of F in the 
present study. Similar observations were reported by El-Nadeef 
and Honkala (1998)21 in Nigeria and Gopalakrishnan et al. 
(1999)22 in Kerala. Where, superficial layers of water in bore 
wells contain less F content than deeper layers, and it was again 
proved in this study. These findings were similar from various 
studies conducted by Ng’ang’a and Valderhaug23 in Nairobi, 
Kenya; and Bårdsen et al.24 in Western Norway.

Fluorosis was moderate to high prevalent among the present 
study population (74.9%). The prevalence could be explained 
by Susheela’s explanation.25 In endemic fluorosis area, a great 
amount of F is incorporated into food materials and ingested 
into the body. Higher temperatures of Nelakondapally, which 
necessitates greater intake of water, could also be one reason. 
The fluorotic changes showed bilateral symmetry in our study, 
which is similar to the findings from the study conducted by 
Manji et al.26 in Kenya which indicate systemic origin and 
characteristic of dental fluorosis. The severity of enamel 
changes is greater in higher F areas than low F areas.

Caries prevalence among the study population was about 
56.5%, which is slightly higher than Andhra Pradesh average 
caries prevalence of 41.5% in the permanent dentition as 
reported by National Oral Health survey and F mapping 
2002-2003. According to Subba Reddy and Tewari27 the 
mutilated morphology of fluorotic teeth facilitates plaque 
accumulation and food lodgment that leads to initiation of 
dental caries. There was a positive correlation between fluorosis 
and dental caries in the present study. Shourie28 has reported 
that where F level ranged from 0.20 to 7.00 ppm from Lahore 
district showed a lower incidence of dental caries. Englander 
and Wallace29 have reported overall reduction in DMFT of 
40% in residents with F level of 1.20. Gill and prasad30 have 
reported 48.03% of clinical caries at 0.55 ppm level. The DMFT 

was 1.60 in children in the age group of 13-14 years. In the 
present study, strata 1 mean DMFT and dmft increased with 
low water F levels, and this increase was statistically significant. 
Strata 1 (0.0-0.6  ppm) representing about 33.3% study 
population, 5.87% had fluorosis and caries prevalence high 
as 50.8%. In strata 2 (0.7-1.2 ppm) representing about 37.3% 
study population, 9.07% had fluorosis and caries prevalence 
was found 32%. In strata 3  (1.3-3.5  ppm) representing 
about 29.4% study population, 85.04% had fluorosis and 
caries prevalence was 39.5%. It was observed from the 
study that caries prevalence was high in strata 1 with 0.0-0.6 
water F concentration, followed by least in optimal water F 
concentration and caries prevalence was slightly high in strata 3 
compared with strata 2. This indicates the fact that fluorosis 
renders the teeth more susceptible for dental caries, and this is 
more so, at greater concentrations of F in the drinking water.

Conclusion
Epidemiological surveys in other areas of Khammam district 
would further enhance our knowledge on the prevalence of 
dental fluorosis, and dental caries and correlation between 
these two prevalence oral afflictions. Dental fluorosis is present 
in Khammam District, and caries were seen in conjunction 
with fluorosis in all the age group of children. It is important to 
have rigorous control of oral health educative and preventive 
programs on dental fluorosis and caries, its effects on oral health. 
Since children and adolescents are most commonly affected 
by dental fluorosis and caries therefore, constant update of the 
prevalence of dental fluorosis and caries with a larger sample is 
required, and preventive programs need to be focused on them.
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