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Abstract: Dental fluorosis, a global menace, especially in tropics, sub-tropics as well as temperate 
regions, is caused by water fluoride and other fluoride sources. As an endemic disease, dental fluorosis 
(df) has been reported from several countries including India. The present study tries to focus this 
human menace in low fluoride areas in Kanyakumari District, Tamil Nadu, India. The incidence of df 
is well documented in low fluoride areas, and a non-linear relationship is observed between the 
percentage prevalence of df and the drinking water fluoride concentrations. A high prevalence of df 
(32.56%) in low fluoride area (0.68 mg/L) and a low prevalence (12.51%) of df in high fluoride area 
(1.76 mg/L) is very well discussed. The study also explains the age and sex specific incidence of df. In 
males it is 21.42% and in females 19.98%. The inhibitory role of fluoride on various blood 
components are very clear in df cases. ‘B’ and ‘O’ blood group individuals are found more vulnerable 
to water fluoride intoxication than ‘A’ and ‘AB’ blood group people. 
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INTRODUCTION 
 

Dental fluorosis, a global multifactorial disease is not new to India, the reason being the shortage of good 
quality potable water and consumption of fluoride enriched water by people both in the urban and rural areas. A 
fluoride concentration of 0.5-1.0 mg/L is permitted by WHO, (1994) and 0.2-1 mg/L by IS: 10500, (1991). 
Dental fluorosis, in varying degree of incidences has been reported in drinking water with various concentration 
of fluoride levels (Nand, 1972; Teotia, 1984; Dissendorf, 1986; Harikumar, 2007; Ray, 1981; Choubisa, 1997 
Choubsia, 1996). 

Hydrofluorosis is a major public health problem in India, where 17 states are endemic for fluorosis, of 
which five are hyperendemic and people are consuming water with fluoride concentrations up to 44 mg/L 
(Gupta, 2009). There are 63 million victims including 6 million children in India, due to consumption of excess 
fluoride through drinking water (Susheela, 1999). 

It is quite obvious that, drinking water is the main source of fluoride, the causative factor for dental 
mottling. Low precipitation rate, unlimited use of ground water leads to the enrichment of various minerals 
including fluoride in the sub-soil structure (Michael, 1976). In addition to drinking water, fluoride enters the 
human body through air, food, beverages, fluoride enriched medicines, dental products like dentifrices and 
mouth rinses (Burt, 1992; Mascarenhas, 2000; Levy, 1999; Warren, 1999). 

Many studies reveal that, males are highly susceptible than females, (Mann, 1990; Ramires, 2007; 
Mascarenhas, 1998) and children are the most vulnerable groups than adults (Karthikeyan, 2000; 
Krishnamachari, 1976). Biological effects of fluoride intoxication on blood components are reported by many 
researchers (Mustafa, 2005; Ingrida, 2005; Hillman, 1979). Biomarkers are the indicators that signal events in 
biological systems or samples, and they are not used as diagnostic tests, but serves as indicators of a disease or 
biological alteration. Various biomarkers in the blood of fluorotic subjects are measured to confirm fluoride 
toxicity on man. The present study is conducted in low fluoride areas in Kanyakumari District, Tamil Nadu, 
India, to focus on the linearity or non-linearity of water fluoride and fluorosis in human-beings from rural 
settings.  

 
MATERIALS AND METHODS 

 
For the present study rural areas of 14.3 Km2 in Agastheeswaram Taluk, Kanyakumari District, Tamil 

Nadu, India has been selected to focus on the prevalence of df in this fluorosis endemic region. Kanyakumari 
district is located in between 80-03’ to 80-35’ N and 770-15’ to 770-36’ S. A house to house survey was 
conducted to observe the severity of df by the help of experienced dentists. 

Water samples are collected from Azhagappapuram, Lakshmipuram, South Bagavathypuram, Nilapparai 
and Punnarkulam during the months of April (summer season), June and November (rainy seasons) of every 
year. For each village 3 sites have been fixed to collect water samples for each type of drinking water source. 
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Likewise 45 sites have been fixed in 5 villages to collect bore well water, open well water and tap water to 
quantify the amount of water fluoride in these drinking water sources during the period 2005-’08. 

Standard methods were used for the estimation of water fluoride, (Application: Fluoride in water, 1998) and 
haemoglobin content, (Bain, 2001) and the measurement of total erythrocytes, (Wootton, 1974) total leucocytes, 
(Wootton, 1974) packed cell volume, (Wootton, 1974) neutrophils, (Wootton, 1974) lymphocytes, (Wootton, 
1974) monocytes, (Wootton, 1974) and eosinophils (Wootton, 1974). Analysis of blood group is carried out by 
the method discussed (Samuel, 1989). Dental fluorosis was assessed by Dean’s classification system (Dean, 
1933). 

 
Results: 

The amount of water fluoride and the severity of df in the study areas are shown in table 1. A high level of 
fluoride in drinking water sources is detected in Azhagappapuram, followed by Lakshmipuram, South 
Bagavathypuram, Nilapparai and Punnarkulam, and the values (mg/L) are 1.76  0.085, 0.75  0.057, 0.75  
0.051, 0.68  0.053, 0.67  0.047 respectively. The percentage distribution of the normal subjects and the 
diseased persons (in parentheses) are 87.49 (336) in Azhagappapuram, 67.44 (197) in Nilapparai, 78.16 (126) in 
Lakshmipuram, 80.8 (115) in South Bagavathypuram and 84.83 (81) in Punnarkulam. Of the 885 df cases, 174 
(20.35%) are questionable type, 338 (39.53%) are very mild, 197 (23.04%) are mild type, 105 (12.28%) are 
moderate, and 41 (4.8%) are with severe dental mottling. 

 
Table 1: Reveals the amount of water fluoride and the severity of dental fluorosis in the study areas (n = 5000 subjects). 

Name of the 
Place(s) 

Amount of 
fluoride in 

drinking water 
sources (mg/L) 

Df cases 

Dean’s index 

Normal 
Questio-

nable 
Very mild Mild Mode-rate Severe 

Azhagap-
papuram 1.76  0.085 

336 
(12.51) 

2349 
(87.49) 

57 
(16.97) 

102 (30.36) 94  
 (27.97) 

61 
(18.15) 

22 
 (6.55) 

Nilapparai 0.68  0.053 
197 

(32.56) 
408 

(67.44) 
42 

(21.32) 
76 (38.58) 40  

(20.3) 
22 

(11.17) 
17 

 (8.63) 
Lakshmi-
puram 0.75  0.057 

126 
(21.84) 

451 
(78.16) 

25 
(19.84) 

59 (46.83) 35 (27.78) 5 
(3.97) 

2  
(1.58) 

South 
Bagava-
thypuram 

0.75  0.051 
115 (19.2) 484  

(80.8) 
31 

(26.96) 
61 (53.04) 16 (13.91) 7 

(6.09) - 

Punnar-
kulam 0.67  0.047 

81 (15.17) 453 
(84.83) 

19 
(23.46) 

40 (49.38) 12 (14.81) 10 
(12.35) 

- 

Figures in parentheses are percentage prevalence values; fluoride Vs disease prevalence: r  = 0.899  
 

The prevalence of dental fluorosis in children and adults are given in table 2. The study population includes 
45.24% males and 54.76% females, which covers 8-60 plus year old subjects. Children (8-14 yrs) who share 
50.98% of the population are with 22.2% disease prevalence, but in the 15-60 plus aged people, who share 
49.02% of the population the disease prevalence is 11.79%. It is also evident from the table that, male children 
are with 15.37% disease prevalence, and in female children it is 31.7%; in adult males it is 21.95%, and in adult 
females it is 7.06%. The percentage disease prevalence in the study population is 17.1; whereas it is 17.63 in 
males and 16.65 in females. 

 
Table 2: Shows the prevalence of dental fluorosis among the children and adults (n = 5000 subjects: 2262 males + 2738 females). 

Age-group (yrs) 
Normal subjects df cases 

Total population 
Male Female Total Male Female Total 

8-14 
1255 

(63.29) 
728 

(36.71) 
1983 

(47.84) 
228 

(18.16) 
338 

(46.43) 
566 

(22.2) 
2549 

(50.98) 

15-60+ 
608 

(28.12) 
1554 

(71.88) 
2162 

(52.16) 
171 

(28.13) 
118 

(7.59) 
289 

(11.79) 
2451 

(49.02) 
(Figures in parentheses are percentage values) 

 
Table 3 shows various measurements of blood components in df (severe) cases. It is clear from the table 

that, except eosinophil count all the other blood components are found lower in df cases than their respective 
control groups. A 21% reduction of total RBC count is observed in both sexes of the diseased ones. 34% 
reduction of total leucocytes are found in diseased males, whereas it is 36% in females. In both sexes of the df 
subjects about 10% lesser number of lymphocyte count is noticed. Results also confirm 20% reduction of 
monocytes in male df cases, but it is 31% in female fluorotic subjects. A marginal level of decrease of 
neutrophil counts (around 1% in males and 3% in females) are observed in df cases. 

There is a net reduction of 24% and 22% Hb content in diseased males, females respectively. A moderate 
level of decrease in PCV (i.e) 18% is noticed in both sexes of df cases. An abrupt level of increase of eosinophil 
count (i.e) 78% in males and 180% in females are also found in the df cases. 
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Table 3:  Indicates the various measurements of blood components in df (severe) cases (n = 10 each in df (severe) males and females; 
control: 3 each in males and females) (Values are  SD of 3 replicates). 

Blood component(s) Name of the sample(s) 
Sex 

Male Female 
Erythrocytes  
          (total) 

a) endemic normal 
b) df cases 

5.49  0.009 
4.35  0.068 

4.6  0.082 
3.62  0.02 

Leucocytes  
          (total) 

a) endemic normal 
b) df cases 

9500  216.025                   
6230  161.55 

9273.33  115.854 
5960  135.65 

Haemoglobin content  
a) endemic normal 
b) df cases 15.97  0.776 12.1  0.29 

14.33  0.236 
11.24  0.196 

Packed cell volume 
a) endemic normal 
b) df cases 

43.2  1.236 
35.41  2.848 

39.1   0.668 
32.19  3.111 

Neutrophil count 
a) endemic normal 
b) df cases 

66.33  0.47 
65.7  1.27 

67.33  1.7 
65.5  0.81 

Lymphocyte count 
a) endemic normal 
b) df cases 

26  0.82 
23.4  1.02 

26.33  0.47 
23.8  0.75 

Monocyte count 
a) endemic normal 
b) df cases 

3.0  0.82 
2.4  0.49 

3.33  1.25 
2.3  0.46 

Eosinophil count 
a) endemic normal  
b) df cases 

4.66  0.47 
8.3  0.64 

3.0  0.82 
8.4  0.49 

 
The distribution of ABO blood group in the study population is depicted in figure 1. The percentage 

distribution of A, B, AB and O group individuals and the disease prevalence in each group (given in 
parentheses) are 22.94 (15.9%), 30.66 (18.98%), 20.02 (13.69%), 26.38 (18.5%) respectively. 

96
4

12
42

86
4

10
7511

47

15
53

10
01

13
19

18
3 29

1

13
7 24

4

0

200

400

600

800

1000

1200

1400

1600

A B AB O

Blood groups

N
o

. o
f 

in
d

iv
id

u
a

ls

Normal

Total

df cases

 
Fig. 1: illustrates the incidence of df among different blood group individuals. 

 
Discussion: 

 ‘Dental fluorosis’ or ‘mottled enamel’, is caused by the ingestion of water containing excessive amounts of 
fluoride than the permissible level. Chronic fluoride intoxication is a worldwide health related issue and is very 
severe in areas where fluoride content is high in drinking water. Fluorosis is considered probably due to the 
following intake of 0.1 mg fluoride / Kg body weight during infancy (Forsman, 1977). Later reports reveal that, 
lower thresholds (i.e) 0.03-0.1 mg (Fejerskov, 1987) and an average daily intake as low as 0.04 mg fluoride / Kg 
body weight (Baelum, 1987) are capable of developing dental fluorosis in children. Unlike the other studies, 
(Ishii, 1991; Al. Shammery, 1997; Griffin, 2002) the severity of dental  fluorosis in the present study is not 
directly proportional to the drinking water fluoride concentration. But the water fluoride Vs disease prevalence 
shows a positive correlation (r=0.899). Compared to other studies, 82.9%, (Choubisa, 1996) 58%, (Susheela, 
1993) and 33%, (Chakravarthi, 2000) the present study shows only 17.1% disease prevalence.  

Exposure analysis shows that, around 46.3% people are using ground water with < 1 mg/L fluoride, having 
23.71% disease prevalence, whereas a majority (i.e) 53.7% are consuming water with 1.76 mg/L fluoride, but 
the disease prevalence is only 12.5%. This may be due to the consumption of high quality commercial drinking 
water by this affluent group. The variation in disease prevalence among people in the present study may be due 
to individual fluorosis susceptibility. Our study supports this view of earlier studies also (Thylstrup, 1978; 
Pendrys, 1994). 

Similar to the previous investigations (Cypriano, 2003; Frazo, 2004) around 39.5% of our fluorotic subjects 
are having very mild grade of disease. A great majority (i.e) 74.85% of our df subjects show very mild to 
moderate level of dental fluorosis, which also corroborates the earlier work (Horovitz, 1984). The highest 
prevalence of dental mottling (i.e) 5-20% among the children of 5-14 years of age group is reported by many 
authors. Our study also coincide with these findings. In children the disease prevalence is 22.2%, but in the age 
group  15-60 plus yrs. it is 11.79%.  
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The present study finds that, the incidence of dental fluorosis in the lowest age is 8 yrs. and the highest age 
is 67 yrs. Children are found as the most vulnerable age-group, when damage due to fluorosis is vividly seen. 
The present study further confirms that the disease prevalence in female children is 2 folds greater than the male 
children and in adult males it is 4 folds greater than the adult females. Adults in males and children in females 
are found as highly vulnerable subjects. There are contradictory reports on the prevalence of df among males 
and females (Chandrasekar, 2004; Gopalakrishnan, 1999). Approximately 1% higher prevalence in males of the 
present study is associated with more physical work as well as the higher metabolic activities, which in turn 
needs more water than in females. 

Biological effects of fluoride intoxication on the early destruction of RBCs causing anemia, (Hillman, 
1979) degeneration of leucocytes, (Greenburg, 1980) and increase of eosinophilia, (Mustafa, 2005) is reported 
by  many researchers. A drastic change in the blood components of our fluorotic subjects may alter the immune 
system functions and females are found as the easy victims. 

ABO blood subgroups may contribute a risk factor on the development of dental fluorosis. A relatively 
higher percentage of fluorotic subjects are having ‘B’ group, followed by ‘O’ group, next comes ‘A’ group and 
finally ‘AB’ group subjects, indicates that ‘B’ group individuals are the prime target group to df. Lack of 
literature and non-availability of long term large scale studies are the hindrances to make a more comprehensive 
assessment on the effects of fluoride on ABO blood group. 

The global epidemiological studies reveal the differences in the prevalence of dental fluorosis. Studies on df 
in low fluoride areas pave way to understand the significance of water fluoride and its role on the incidence of 
dental fluorosis. A moderate level of df prevalence, the rampant nature of df among the children and the 
prevalence of very mild to moderate level of disease in the low fluoride areas are of great concern. Negligence, 
careless attitude, lack of knowledge on dental fluorosis, shortage of good quality drinking water, geological 
conditions of the areas, etc. are some of the prominent criteria, which aggravates the disease in a deteriorating 
level in many parts of the world. 

Fluoride menace can be solved through fluoride free potable water, non-use of fluoride enriched foods, 
medicine and dentifrices and better awareness by proper education. 
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