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Prevalence of dental fluorosis and associated risk factors in
Alappuzha district, Kerala

P. GOPALAKRISHNAN, R. S. VASAN, P. S. SARMA, K. S. RAVINDRANNAIR,'
K. R. THANKAPPAN

ABSTRACT
Bilckground. Fluorosis isconsidered endemic in 15 states of

India. Dental fluorosis isthe most convenient biomarker of expo-
sure to fluoride. In Kerala, although the condition is reported to
be endemic in the districts of Alappuzha and Palakkad, there are
no systematic epidemiological studies evaluating dental fluorosis.
We studied the prevalence of dental fluorosis among school
children in Ambalappuzha taluk, Alappuzha district, Kerala and
evaluated the contribution of potential risk factors.

Methods. We conducted a community-based, cross-sec-
tional survey of 1142 school children (630 girls, 512 boys) in
the age group of 10-1 7 years, using a multistage random cluster
sampling technique. A pre-tested structured questionnaire was
used to assess exposure to various sources of fluoride. A dental
specialist examined all the children to determine the presence or
absence of dental fluorosis and graded the degree of dental
fluorosis using Dean's index. The water fluoride content in the
study area was obtained from the district water authority depart-
ment. Bivariate associations were examined using the Chi-square
and Chi-square trend tests, while multiple logistic regression was
used to evaluate the association of select risk factors with the
presence or absence of dental fluorosis.

Results. The overall prevalence of dental fluorosis In our
study sample was 35.6% and the community fluorosis index was
0.69. The prevalence of dental fluorosis was higher in the urban
compared to the rural areas (55.3% v. 16.8%; p<O.OOl), and
in girls compared to boys (39.2% v. 31.3%; p<O.Ot). The
prevalence of dental fluorosis was higher among children who
consumed pipe water as compared to children who consumed
wellwater (44.8% v. 12.7%; p < 0.00 1).We noted a step-wise
increase in the prevalence of dental fluorosiswith a corresponding
Increase in water fluoride content in different panchayats
(p = 0.024). The principal factor associated with the presence of
dental fluorosiswas a high fluoride content of drinking water (OR
1.85,95% CI: 1.17-2.92). We did not observe any significant
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association between dental fluorosis and the intake of brick-tea,
consumption of fish or the use of toothpaste.

Conclusion. Dental fluorosis isa public health problem in the
Ambalappuzha taluk. Active steps must be taken to partially
defluoridate the water before distribution to reduce the morbidity
associated with dental fluorosis in this area. Similar surveys are
required in other parts of India to Identify areas with high water
fluoride content and determine the extent and manner in which
defluoridation can be carried out.
Natl Med J India 1999; 12:99-1 03

INTRODUCTION
Fluoride, an element essential for human health, plays a critical
role in the calcification of bones and teeth. Fluoride is often called
a double-edged sword because deficiency of fluoride intake leads
to dental caries while excess consumption leads to dental and
skeletal fluorosis. Experience from developed countries suggests
that fluoridation of waterto prevent caries is always at the expense
of a certain degree of dental fluorosis.

The main dietary source of fluoride is drinking water. The
optimal carioprotective fluoride content in drinking water is
approximately 1 mg/L in temperate climates. In tropical coun-
tries, where people drink more water due to hot climate, the
desirable fluoride content of drinking water may be 0.5 mg/L.

Nearly 12million of the 85 million tons of fluoride deposits on
the earth's crust are found in India. I It is not surprising, therefore,
that fluorosis is endemic in 15 states of India. The highest rates of
endemicity have been reported from Andhra Pradesh, Haryana,
Karnataka, Punjab, Rajasthan and Tamil Nadu. Although fluoro-
sis has been reported to be endemic in the districts of Alappuzha
and Palakkad in Kerala, there are no well designed epidemiologi-
cal investigations assessing the magnitude of dental fluorosis and
evaluating the risk factors associated with the condition.

Our objectives were to study the prevalence of dental fluorosis
among school children in the Ambalappuzha taluk of Alappuzha
district of Kerala and to examine the associations of the condition
with potential risk factors.

SUBJECTS AND METHODS
Subjects
We performed a cross-sectional survey of school children in the
age group of 10-17 years (classes 5 to 10) in the Ambalappuzha
taluk of Alappuzha district during the months of January and
February 1998. Children in this age group were selected because
they represent a population at risk for dental fluorosis; the period



100

of calcification of teeth from infancy to 6 years of age constitutes
the vulnerable period for the onset of the condition. Ambalappuzha
talukis located along the coast ofKerala and includes 3panchayats
(rural area) and the Alappuzha municipal area (urban). We chose
this taluk because of unpublished reports indicating that the area
was endemic for dental fluorosis. The majority of the people in the
study area belong to the low socio-economic class and the princi-
pal adult occupations are fishing, coir manufacture and agricul-
ture.

We used a multistage random cluster sampling technique to
select our study sample. In consultation with the District and
Assistant Education Officers, we compiled a list of schools which
had classes 5 to 10 in the Ambalappuzha taluk area. The total
number of divisions in classes 5 to 10were serially numbered for
each school and the cumulative total was obtained. Thirty out of
738 divisions were then randomly selected using random number
tables, expecting to get more than 1000 children on the basis of the
average class strength. All the students in each selected division
were included in the study.

Questionnaire
The data were collected and recorded, based on a structured close-
ended pre-tested questionnaire to obtain information on the socio-
economic status, occupation and level of education of the parents,
the source of drinking water, amount of water consumed, brick-
tea consumption, sea-fish intake and use of fluoride-containing
toothpaste by the students. These factors have been identified as
potential risk factors for dental fluorosis in previous studies.e"
The printed questionnaires were supplied to the students 1-2 days
prior to the dental examination, with clear instructions to submit
the completed form on the day of examination.

Oral examination
The oral examination of each student was carried out by a dental
specialist in the common hall of the school or in the concerned
classroom with the subject seated in an ordinary chair in bright
daylight. The dental specialist used a sterile mirror and a dental
probe for oral examination. The presence and severity of dental
fluorosis was recorded, along with any other dental conditions
observed. Dean's index was used to determine the grade of dental
fluorosis, thus:

Normal: No white discoloration of the teeth
Grade I (Questionable): Occasional white flecking over the tooth

surface mainly on the incisor tips and cusp tips
Grade II (Mild): White opaque areas involving less than 25% of

the tooth surface
Grade III (Moderate): White opaque areas involving more than

25% and less than 50% of the tooth surface
Grade IV (Severe): White opaque areas involving more than 50%

of the tooth surface.

Water fluoride content
The fluoride content of water sources was obtained from the water
authority department of Alappuzha. This department conducts
routine water analysis by taking water samples from different
places in the municipal and panchayat areas.

Statistical analysis
Assuming an alpha error of 5% and an estimated prevalence rate
of 40% with an acceptable error in the estimate of ±3%, the
required sample size was calculated as 1024. Accounting for a
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10%non-response rate, we estimated a sample size of 1127 for the
present study.

The prevalence of dental fluorosis was estimated by taking all
cases of dental fluorosis as the numerator and the total child
population evaluated in the age group of 10-17 years as the
denominator. A Community Fluorosis Index was computed by
summating the scores of individual grades (as described by Dean)
and dividing the sum by the total sample size. A community
fluorosis index of greater than 0.4 has been used to identify areas
where fluorosis is a public health problem.' The association of
dental fluorosis with select individual risk factors was studied
using Chi-square and Chi-square trend tests. Besides examining
bivariate associations, we performed multivariable logistic re-
gression (with step-wise forward selection) to evaluate the inde-
pendent association of select risk factors with prevalence of dental
fluorosis. The dependent event was dichotomous (presence or
absence of dental fluorosis). The predictor variables were age
(continuous variable), sex (boy= 1; girl=2), water fluoride content
«1 ppme l ; >1 ppm=2), quantity of water consumed daily (2-3
glassese l; 4-6 glassesez; 7 or more glassesed), consumption of
brick-tea (yes=l; no=2), consumption of sea fish (yes=l; no=2)
and use of fluoride-containing toothpaste (yes=l; no=2). A p
value of <0.01 was used for entry of the variables in the multivari-
able models. Odds ratios (and their 95% CI) for the association of
the predictor variables with the dependent variable were com-
puted. All analyses were performed with SPSS PC+ version 5.0.
A p value of <0.05 was taken to indicate statistical significance.

Intra-observer variability
A sub-sample of students was re-evaluated for the presence or
absence of dental fluorosis by the dental specialist on a second
occasion, approximately one month after the initial examination.
The specialist was blinded to the results of the initial examination.
The agreement between the two sets of readings obtained on two
different occasions was used as a measure of intra-observer
variability.

RESULTS
Study sample characteristics
Our study sample comprised 1142 students (630 girls and 512
boys) in the age group of 10-17 years. The mean age of the
population was 13.5 years. Nearly half the study sample lived in
rural areas. Pipe water was the major source of drinking water in
the taluk. Most of the children consumed fish in their diet and
four-fifths of them drank brick-tea. Nearly three-quarters used
toothpaste for cleaning their teeth (Table I).

Prevalence of dental fluorosis and associated risk factors
The overall prevalence of dental fluorosis in school children in

TABLE I. Characteristics of the study sample

Variable Value

Mean age (years)
Female (%)
Urban residence (%)
Pipe water for drinking (%)
Well water for drinking (%)
Brick-tea intake (%)
Sea fish intake (%)
Dry-fish consumption (%)
Toothpaste used for dental cleansing (%)

13.45
55.2
49.0
72.5
20.6
79.5
96.1
79.4
73.0
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TABLEII. Prevalence of dental fluorosis in study sample

Variation in prevalence No. of Prevalence of dental fluorosis (%) p value

children Normal Grade I Grade II Grade III Grade IV All Grades (%)

Total sample 1142 735 (64.4) 151 (13.2) 118 (10.3) 71 (6.2) 67 (5.9) 35.6
According to place of residence
Urban 560 251 (44.8) 100 (17.9) 91 (16.3) 61 (10.9) 57 (10.2) 55.3 <0.001*
Rural 582 484 (83.2) 51 (8.8) 27 (4.6) 10 (1.7) 10 (1.7) 16.8
According to gender
Boys 512 352 (68.8) 62 (12.1) 48 (9.4) 22 (4.3) 28 (5.5) 31.3 <0.01*
Girls 630 383 (60.8) 89 (14.1) 70 (11.1) 49 (7.8) 39 (6.2) 39.2
According to age (years)
10-11 86 48 (55.8) 18 (20.9) 9 (10.5) 4 (4.7) 7 (8.1) 44.2
12-13 488 295 (60.5) 77 (15.8) 46 (9.4) 30 (6.2) 40 (8.2) 39.6

<0.01 t
14-15 525 363 (69.1) 54 (10.3) 56 (10.7) 34 (6.5) 18 (3.4) 30.9
16-17 43 29 (67.4) 2 (4.7) 7 (16.3) 3 (7.0) 2 (4.7) 32.6

• Chi-square test t Chi-square trend test

TABLEIII. Prevalence of dental fluorosis according to the source of drinking water

Source of drinking No. of Prevalence of dental fluorosis (%) P value

water consumed children Normal Grade I Grade II Grade III Grade IV All Grades (%)

Tubewell water 101 90 (89.1) 3 (3) 4 (4) 2 (2) 2 (2) 11
Only well water 213 186 (87.3) 14 (8.6) 8 (3.8) 4 (1.9) 1 (0.5) 12.7 <0.001 *
Both pipe and well water 22 14 (63.6) 4 (18.2) 1 (4.6) 0 (0) 3 (13.6) 36.4
Only pipe water 806 445 (55.2) 130 (16.1) 105 (13) 65 (8.1) 61 (7.6) 44.8

• Chi-square trend test

TABLEIV. Variation in prevalence of dental fluorosis in panchayats according to the fluoride content of drinking water

Name of Water fluoride No. of Prevalence of dental fluorosis (%) P value

panchayat content (ppm) children Normal Grade I Grade II Grade III Grade IV All Grades (%)

Mararikulam and 0.7 38 37 (93.4) 0 (0) (2.6) 0 (0) 0 (0) 2.6
Mannanchery

Purakkad 0.7 93 78 (83.9) 9 (9.7) 2 (2.2) 2 (4.7) 2 (8.1) 16.1 <0.024"
Ambalappuzha 1.1 152 141 (80.5) 9 (15.8) 8 (9.4) 3 (6.2) 1 (8.2) 13.0
Punapra 1.2 231 184 (89.1) 28 (10.3) 9 (10.7) 3 (6.5) 7 (3.4) 20.4
Aryad 1.4 58 44 (67.4) 5 (4.7) 7 (16.3) 2 (7) 0 (0) 24.1

• Chi-square trend test

our study sample was 35.6%. The calculated community fluorosis
index was 0.69, suggesting that fluorosis is a major public health
problem in the study area.

Compared to rural areas, the prevalence of dental fluorosis was
higher in the urban areas (Table II). The severity of dental
fluorosis was also greater in children in the urban area. It is also
evident from Table II that dental fluorosis was more prevalent
among girls than boys. This observation was not related to the
amount of water consumed because boys in the study sample
drank more water than girls (p<O.OOl). Interestingly, we also
noted an inverse association between age and the prevalence of
dental fluorosis; a higher prevalence was noted in the younger
children compared to the older ones. The source of drinking water
in our study sample was pipe water 70%, well water 19%,
tubewell water 9% and pipe water combined with well water 2%.
Table III shows the prevalence of dental fluorosis according to the
sources of water consumed by the subjects. The prevalence of
dental fluorosis was lowest among children who consumed well

water alone, whereas the children who drank mainly pipe water
had the highest prevalence. An intermediate prevalence rate was
observed among children who drank water from both sources.

We also examined the patterns of water distribution in the
urban and rural parts of the study area. A larger proportion of the
urban area used pipe water compared to the rural area (93.9% v..
62.5%, respectively; p<O.OOI).This suggests that the urban-rural
differences in the prevalence of dental fluorosis noted above may
in part be related to the increased use of pipe water in the urban
areas.

Table IV relates the prevalence of dental fluorosis to the water
fluoride content in different panchayats in our study sample
(similar information on the municipal wards is not presented
because data on water fluoride content were not available). A
step-wise increase in the prevalence of dental fluorosis was noted
with a corresponding increase in the water fluoride content in
different panchayats.

We did not observe any association between the prevalence of
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dental fluorosis and brick-tea drinking, sea-fish consumption, use
of fluoride-containing toothpaste or parental education or socio-
economic status (data not presented).

Multivariable analyses
Five hundred and eighty-two children had complete information
on the fluoride content of water consumed and other predictor
variables. These children were eligible for study in the multivari-
able logistic regression models. The results of multi variable
analysis are presented in Table V. The fluoride content of drinking
water was the principal determinant of dental fluorosis. A water
fluoride content> 1 ppm was associated with 1.85-fold elevated
risk of prevalence of dental fluorosis, compared to the reference
group with a water fluoride content of <1 ppm. Once water
fluoride content entered the multi variable model, none of the
remaining predictor variables were significantly associated with
dental fluorosis.

Intra-observer variability
One of the classes was randomly selected for a second evaluation
of the students by the dental specialist. For the presence or
absence of dental fluorosis, the agreement between observations
on the two occasions was 95.7%. However, agreement regarding
the degree of fluorosis was modest (63%).

DISCUSSION
India lies within a geographical fluoride belt which extends from
Turkey up to China. Leaching of fluoride from geological forma-
tions accounts for most of the fluoride in drinking water. Large
areas of India are therefore at risk of fluoride toxicity. Clinical
dental fluorosis has been described as the most convenient
biomarker of fluoride exposure." It has therefore been advocated
that periodic surveys be conducted to monitor the rates of dental
fluorosis in communities at risk for the condition. The present
study was conducted with such a purpose.

Prevalence of dental fluorosis
The high prevalence of dental fluorosis and the high community
fluorosis index suggest that fluorosis is a major public health
problem in the study area.

We found important gender-, age-, and residence-related dif-
ferences in the prevalence of dental fluorosis. The prevalence of
dental fluorosis and its severity was higher in the urban area
compared to that in the rural area, in girls compared to boys and
in younger children compared to older ones. Prior studies have not
noted any urban-rural differences in the prevalence of dental
fluorosis. We believe that the urban-rural differences in our study
area may be related in part to the increased use of pipe water for
drinking purposes in the urban areas; we have presented data to
substantiate that the intake of pipe water was associated with a
higher prevalence of fluorosis compared to consumption of well

TABLEV. Multivariable logistic regression of dental fluorosis on
select risk factors

Variable Regression Odds ratio for dental p value
coefficient B fluorosis (95% CI)

Constant -1.93
Water fluoride content 0.615 1.85 (1.17-2.92) 0.007

Variables considered but not included in the final models: age, sex, quantity of water
consumed. brick-tea consumption, fish consumption, use of toothpaste
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water. The higher prevalence of dental fluorosis among girls is
also contrary to earlier reports.' This increased prevalence of
dental fluorosis among girls in our study is particularly intriguing
because girls consumed less water than boys in our study sample.
We believe that further research is required to confirm and
investigate these gender-related differences.

The prevalence of dental fluorosis was also greater in the
younger age groups. One possible explanation for this intriguing
observation is that younger children drink more pipe water
compared to older children. While 75.6% of children aged 10-11
years drank pipe water, the corresponding figures for pipe water
consumption for the age groups 12-13 years and 14-15 years
were 73.6% and 65.9%, respectively. Another possibility is that
the increase in intake of dietary fluoride may be a recent phenom-
enon (within about the last 10 years) in Ambalappuzha taluk. This
hypothesis can be verified by observing the water fluoride content
in the study area for the last 20 years. Unfortunately, the results of
water analysis for fluoride content are not available with the
authorities prior to 1994 to substantiate or refute this hypothesis.
This trend of a higher prevalence of fluorosis in younger age
groups can be further examined by studying the prevalence of
dental fluorosis in younger children in the study area. A study of
the prevalence of skeletal fluorosis and non-skeletal manifesta-
tions in the area (with the cooperation of orthopaedic experts and
gastroenterologists) may also shed light on this observation.

Risk factors for dental fluorosis
We noted a significant positive association between water fluo-
ride content and prevalence of dental fluorosis in our study
sample. This was noted in both bivariate associations presented
and in the multi variable analyses. A step-wise increase in preva-
lence of dental fluorosis was noted with a corresponding increase
in water fluoride content in different panchayats.

The prevalence of dental fluorosis is high among children who
used pipe water for drinking purposes. The reason for this may be
that the fluoride content of pipe water is higher compared to that
of other water sources. In Alappuzha, ground water pumped from
deep wells is the source of water supply through pipes in both
urban and rural areas. It is likely that domestic wells and those
bored by the water authority vary both in their location and depth,
and consequently in the fluoride content of their water. It has been
previously demonstrated that even within a small community,
different wells have widely varying water fluoride content. This
is related in part to divergent hydro-geological conditions; the
proportion of rocks with readily leachable fluoride can vary
substantially within a given geographical belt.

The socio-economic status of the parents had no influence on .
the prevalence of dental fluorosis in our study area. This is
contrary to a prior report that described a higher prevalence of
fluorosis in children belonging to a high socio-economic status."
Furthermore, brick-tea drinking, sea- or dry-fish consumption,
and the use of toothpaste were not associated with the prevalence
of dental fluorosis.

Our multi variable logistic regression analysis demonstrated
that water fluoride content was the principal determinant of dental
fluorosis in the sub-sample eligible for such analysis. The inverse
relation with age seen in the bivariate analysis was not observed
in the multi variable models.

Implications of the present study
As high fluoride content in drinking water is the main reason for
dental fluorosis in Ambalappuzha taluk, measures have to be
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taken to distribute the water after partial defluoridation. This
requires the synergistic action of health planners, health adminis-
trators, engineers and the water supply authorities. Research on
the development of affordable technology for the partial
defluoridation of household water is also critical. In this context,
it is worth mentioning the successful use of granulated bone
charcoal household deflouridators in Kenya and Thailand." Our
study also underscores the need for conducting detailed fluoride
mapping and geochemical surveys of existing water sources in
Alappuzha. Clear guidelines to limit the exploitation of ground
water should be formulated, so that sinking bore wells in high
fluoride zones is either not attempted or is accompanied by
necessary steps for defluoridation of water.

Limitations of this study
This is a cross-sectional study. The major risk factor in the
development of dental fluorosis is drinking water. Fluorosis
develops in an individual during the time of calcification of teeth,
which takes place from early infancy. The fluoride content of the
water which was consumed during that period is of critical
importance, but cannot be measured now. It is presumed in this
study that the fluoride content of water in each area has not
changed over the last 15 years.

School children were selected for the present study because
most of them could be available for investigation during working
hours. It is likely that school drop-outs in the study area are
excluded from our sample. This is not a major limitation because
it is estimated that school drop-outs are very few in Kerala.
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Conclusion
Our study suggests that dental fluorosis is a major public health
problem among school children in Ambalappuzha taluk and is
related to the high fluoride content of drinking water. There is an
urgent need to institute partial defluoridation of drinking water in
the area to lower the burden of dental fluorosis in this community.
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Initial experience with day case laparoscopic cholecystectomy
at a tertiary care hospital in India
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ABSTRACT
Background. Cholecystectomy is one of the commonest

general surgical operations. Laparoscopic cholecystectomy is
currently the most favoured approach. As it isassociated with less
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postoperative pain and ileus, it allows early discharge of patients
from the hospital. Studies from the West have reported that 'day
case laparoscopic cholecystectomy' is feasible and safe. In India,
the current practice isto admit patients for laparoscopic cholecys-
tectomy 24-48 hours prior to surgery and to discharge most
patients within one to two days of surgery. There isno report from
any Indian centre describing 'day case laparoscopic cholecystec-
tomy'. We conducted a prospective study to assess the feasibility,
safety and patients' acceptance of' day case laparoscopic chole-
cystectomy' in a tertiary care hospital.

Methods. Eighty-four patients with symptomatic cholelith l-


