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DISTRICT, ANDHRA PRADESH, INDIA
Arjun L Khandare,a Rao GS,b N Balakrishnac

Hyderabad, India.

SUMMARY: A comparative study of bone mineral density (BMD) and bone fracture
was conducted in a fluorotic and a nonfluorotic area of the Nalgonda District, Andhra
Pradesh, India. BMD measured by dual X-ray absorptiometry (DXA) of L2–L4
vertebrae, femoral neck, hip, and whole body was significantly higher by 112%, 43%,
57%, and 50%, respectively, in 12 fluorotic subjects than in 14 nonfluorotic subjects
(p<0.01). However, there was an 11% decrease, although not statistically significant,
in forearm BMD in the fluorotic subjects compared to the nonfluorotic subjects.
Serum levels of total and bone specific alkaline phosphatase in the fluorotic subjects
were significantly elevated by 219 and 313%, respectively (p<0.01), whereas serum
Ca, protein, and phosphorus were 10, 12, and 32% lower, respectively (p<0.01). On
the other hand, serum creatinine, urea, and zinc levels in the two groups of subjects
were not significantly different. In the fluorotic village, with a 34% lower average
consumption unit intake of calcium, the overall bone fracture rate of 6.3% was
significantly higher than the 2.1% rate in the nonfluorotic village (p<0.05). 
Keywords: Bone fracture; Bone mineral density; Dietary calcium; Dual energy X-ray 
absorptiometry; Endemic fluoride area; Skeletal fluorosis. 

INTRODUCTION

Fluoride (F) is toxic to osteoblasts (bone forming cells) and resorbing
osteocytes.1 A first response to cell injury is to initiate repair, and when that fails
the cell dies. In F intoxication the repair mechanism fails, and the result is an
initial increase in both bone formation and resorption. This response to cell injury
by F leads to pathological bone formation, and such increased formation or
decreased resorption of bone results in increased bone mass.2 When injured
osteoclasts die, new osteoclasts are formed from monocytes. Thus secondary
injury of osteoclasts does not result in a paucity of osteoclasts on the surface of
fluorotic bone.3 F injures cells involved in bone formation, and a poorer quality
bone accumulates in patients with increased intake of F.4 However, the newly
formed bone is inferior, and the matrix is irregular.3,5-7 Its collagen structure also
differs from that associated with normal bone,6 and its mineralization is
enhanced.3,5-10 Although F increases bone mass or bone mineral density (BMD),
the newly formed bone may have reduced strength, since F increases widening of
osteoid seams and creates cytological and matrix abnormalities. Increased
brittleness and fragility due to increase in osteocyte resorption leads to an increase
in the number of micro fractures in bone.11-13 This has been proved in a field
study14 showing that higher F intake increases bone fracture incidence, and it did
not benefit vertebral fracture risk.    
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Hydrofluorosis is a major public health problem in India, affecting 18 of the 33
constituent states and Union territories. About 62 million people including 6
million children are estimated to suffer from various degrees of fluorosis,
including skeletal manifestations due to excessive consumption of F through
drinking water.15 Under these circumstances there is a need for a sensitive method
to diagnose skeletal fluorosis in the Indian context to overcome confusion about
high BMD and bone health in the elderly and women of postmenopausal age. 

However, as far as we are aware, no study to meet this need has been undertaken
with appropriate dual energy X-ray absorptiometry (DXA) scanning along with an
assessment of calcium intake, bone fracture rate, and kidney status in an endemic
fluorosis area for comparison with a nonfluorotic area. Here an attempt has been
made in this direction.

SUBJECTS AND METHODS

For this study, the four villages of Chinnanaryanpur, Godukundla, Yedavally,
and Lanchammagudam in the Nalgonda district of Andhra Pradesh were randomly
selected for their presence in an endemic fluorosis area. Analysis of their drinking
water indicated that the F levels were 2.1, 3.1, 4.5, and 4.5 ppm, respectively.
Yedavally village and Addagutta, an urban slum, were randomly selected as the
fluorotic (4.5 ppm F) and nonfluorotic (F<1.5 ppm) areas, respectively, for the
study. 

Calcium (Ca) intake by the 24-hr recall method, height and weight by standard
procedure, and history of bone fracture were determined by interview and
measurement. Clinical examination for dental mottling, skeletal deformities (genu
valgum, genu varum, bowing of tibia, kyphosis, exostosis, scoliosis, muscular
tenderness, neck rigidity, and stiffness of joints) was done among the entire
population of the fluorotic Yedavally village as well as the nonfluorotic Addagutta
slum by a well-trained technician.

Subjects: The initial study population consisted of 250 subjects from 55
households of Yedavally and 250 subjects from 50 households of Addagutta.
Owing to the expensive nature of DXA testing, only 12 (six postmenopausal
women and six men with a mean age of 53.21 years) from the fluorotic village of
Yedavally and 14 age and sex matched subjects from the nonfluorotic control
village of Addagutta were randomly selected for DXA scanning and various
biochemical determinations. 

Biochemical analysis: Water samples were collected from all drinking water
sources of both villages in plastic bottles. Spot urine samples were also collected
in plastic bottles using toluene as a preservative from a sub-sample of the
randomly selected subjects. From those selected for DXA scanning, fasting blood
samples were collected in plain glass test tubes, serum was separated, and total
alkaline phosphatase and bone specific alkaline phosphatase were analyzed on
same day by heat inactivation method of Klaus Walter and Moss method.16,17 The
rest of the serum samples were preserved at –75ºC for further analysis.
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The F content of water, urine, and ionic F in serum were determined with an
Orion F ion specific electrode (EA 940, Boston, MA, USA). Serum protein was
measured by the biuret method, Ca and zinc by atomic absorption
spectrophotometry (Spectra AA-220, Varian, India), phosphorus by the procedure
of Fiske and Subba Row,18 and urea and creatinine by standard methods.19,20

Food and nutrient intake: In order to assess calcium intake, a semiquantitative
diet survey using the 24-hr recall method 21 was carried out among the 10% of the
households in each of the two villages. The intakes of different foods were
converted to nutrients per consumption unit (CU) by using food composition
tables.22 

X-ray: X-rays of the left arm was taken to confirm the presence of fluorosis. 
Bone mineral density measurement: Bone mineral density (BMD) (g/cm2)

measurements were carried out by dual energy X-ray absorptiometry (DXA) using
Hologic 4500w Waltham, MA bone densitometry equipment. BMD was measured
at three sites, i.e., anteroposterior (AP) lumbar spine (L2–L4) (LS), hip including
femoral neck (FN), forearm, and the whole body (WB), by a trained person who
carried out all the scans and analyzed the results according to the manufacturer’s
instructions. The numbers of measurements were 7 and 10 for forearm, 14 and 12
for whole body, and 14 and 11 for hip in control and fluorotic subjects,
respectively. Measurements on forearm could not be done on all subjects because
some women had metal jewelry, which could not be removed and would interfere
with the measurements. The scanner was calibrated daily, using a control
phantom, and its performance was monitored as per the quality assurance
protocol. No sign of scanner drift was observed during the study period. The in
vivo precision (coefficient of variation) was 1–2% for all the bone density
measurement. 

Bone fracture history: By use of the same questionnaire, uniform information on
bone fracture history was collected on 238 individuals in the fluorotic area and
236 in the nonfluorotic area. The information collected included site and year of
fracture for persons below age 70. 

Statistical Analysis: Descriptive statistics are reported for all variables. Student’s
t test was performed for comparison of mean values between groups of fluorotic
and nonfluorotic subjects. The Mann-Whitney U test was applied for comparison
of mean values when the assumption of homogeneity of variances was violated.
Prevalence of bone fractures were compared by chi-square test with one degree of
freedom. SPSS windows version 11.5 was used for statistical analysis. P<0.05 was
considered significant.

RESULTS

Except for drinking water and urinary F, the differences in age, weight, height,
total fat, and calcium consumption units in the fluorotic and nonfluorotic subjects
were not statistically significant (Table 1). Fluorosis in fluorotic subjects was
confirmed by forearm X-ray, in some cases showing intraosseous membrane
calcification (Figure 1) not due to bone fracture. Knee deformities like genu
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valgum and genu varum (Figure 2) were found in 4% and 6% of the population,
respectively, along with 0.5% paraplegia, in the fluorotic area, while no such cases
were seen in the control area. The 6.3% rate of bone fracture in the fluorotic area
was significantly higher than the 2.1% rate in the nonfluorotic area (p<0.05)
(Figure 3). 

Table 1. Drinking water and urinary F plus anthropometric  parameters (mean±SD) 

Group 

Drinking 
water 

fluoride 
(ppm) 

Urinary 
fluoride 
(ppm) 

Age 
(yrs) 

Weight 
(kg) 

Height 
(cm) 

Total fat  
(%) 

Calcium intake 
(mg/CU)a 

Nonfluorotic 
(n=14) 

1.0        
±0.3 

1.2        
±0.4 

53.2 
±10.26 

52.0      
± 9.40 

151.7     
± 7.21 

30.6        
± 9.15 

181.5          
± 63.16 

Fluorotic 
(n=12) 

4.5          
± 1.6* 

7.6          
± 1.5* 

53.3  
±11.08 

47.8      
± 10.17 

153.1     
± 6.14 

24.3        
± 0.73 

119.8          
± 58.10 

aCU = Consumption Unit (defined in terms of mg Ca intake by a 60-kg middle-age male per 2425 kcal food 
energy intake/day). *p<0.05. 

 

                                                       Interosseous membrane calcification

Figure 1. X-ray of forearm from fluorotic (right, age 54yr) and nonfluorotic 
(left, age 51yr) village.
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Figure 2. Photograph showing subjects with skeletal deformities from fluorotic Yedavally 
village. 
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  Figure 3. Fracture incidences in fluorotic Yedavally and nonfluorotic Addagutta villages.
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Serum levels of ionic F and of total and bone specific alkaline phosphatase were
significantly higher in the fluorotic subjects, whereas serum levels of protein, Ca,
and phosphorus were significantly lower. However, there were no significant
differences in the levels of serum creatinine, urea, and zinc (Table 2). 

As can be calculated from Table 1, the average dietary consumption unit intake
of Ca in the fluorotic group was 34% lower than in the nonfluorotic group;
however, the difference is not statistically significant because of wide variations. 

Bone density parameters: As seen in Table 3, the BMD of L2–L4 vertebrae,
femoral neck, hip, and whole body was significantly higher in the fluorotic than in
the nonfluorotic subjects (p<0.01). However, there was a small decrease in
forearm BMD in the fluorotic subjects that was not statistically significant.

DISCUSSION

Lumbar spine (predominantly cancellous bone) BMD was 112% higher in the
fluorotic group than in the nonfluorotic group, in agreement with results of F
therapy research.23 However, there was a decrease in BMD the forearm radius, a
site with predominance of cortical bone. Such findings have been reported during
F treatment.24-27 These results suggest that F ingestion causes a redistribution of
bone from cortical to cancellous compartments. Here this may be because of a low
dietary calcium intake (normally found in rural Indian populations), which cannot
cope with the large amount of newly formed matrices in cancellous bone, resulting
in the removal of mineral from cortical bone by increasing in iPTH.28    Fluoride
injures all the cells in bone and alkaline phosphatase is released with a rise in
serum alkaline phosphatase (SAP). The SAP increase observed in the present
study was inversely correlated with a small lowering of serum Ca. This increase in
SAP is consistent with the increased bone formation and decreased bone turnover

Table 2. Serum biochemistry in fluorotic and control subjects (mean±SD) 

Group Protein  
(g/dL) 

Ca 
(mg/dL) 

P  
(mg/dL) 

Zn 
(µg/dL) 

SAP a 

(IU/L) 
BspAP b 

(IU/L)   
Ionic F 
(ppm)  

Creatinine 
(mg/dL) 

Urea 
(mg/dL) 

Nonfluorotic 
(n=8) 

8.5       
± 0.76 

10.2     
± 1.09 

3.6       
± 0.71 

92.4     
± 21.37 

49.7      
± 16.87 

27.9       
± 14.37 

0.02      
± 0.01 

1.1         
± 0.17 

35.8      
± 4.82 

Fluorotic    
(n=11) 

6.7   
±1.50* 

9.2 
±0.70* 

2.4 
±0.36* 

85.8 
±15.12 

158.4 
±68.62* 

115.4  
±79.52* 

0.21   
±0.11* 

1.0         
± 0.14 

42.3      
± 18.43 

 aSAP = serum alkaline phosphatase; bBspAP = bone specific alkaline phosphatase. *p<0.05. 
 

Table 3.  Bone mineral density (gm/cm2) (mean ± SD)

Bone parameter 
BMD 

Nonfluorotic group 
 

Fluorotic group 
 

Mean percent higher 
BMD of fluorotic vs. 
nonfluorotic group 

Femoral neck  
 

0.7 ± 0.11 
(n = 14) 

1.0± 0.18* 
(n = 11) 43 

Hip  
 

0.7 ± 0.12 
(n = 14) 

1.1 ± 0.16* 
(n = 11) 57 

Lumbar spine 
 

0.8 ± 0.13 
(n = 14) 

1.7 ± 0.430* 
(n = 12) 112 

Forearm  0.5 ± 0.09 0.45 ± 0.09* –11  

Whole body  
 

1.0 ± 0.28 
(n = 14) 

1.5 ± 0.24* 
(n = 12)    50 

*p<0.001. 
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that results from the death of activated, resorbing osteocytes. SAP in nutritional
secondary hyperparathyroidism reflects the fact that alkaline phosphatase is also
an enzyme of bone resorption.

Results of the present investigation agree with earlier F therapy studies23,24

showing a smaller increase in femoral neck BMD as compared to the lumbar
spine. We also found a higher BMD in the lumbar spine and femur neck in
fluorotic subjects as compared to nonfluorotic subjects, and this may be due to
prolonged intake of high F (known for amorphous bone formation) from drinking
water and poor Ca nutrition. It is well known that poor nutrition and low Ca intake
enhance the deleterious effect of fluoride.27 

As already noted, incidences of bone fracture (mainly Colley fracture of the
forearm bone near the wrist and the proximal femur) were significantly greater in
the fluorotic village of Yedavally than in the nonfluorotic control village of
Addagutta. Thus, although F increased bone quantity (BMD), it did not improve
bone quality and strength, in agreement with findings in an earlier field study in
the city of Durango and surroundings in northwestern Mexico.14 In that study a
linear correlation between the Dean index of dental fluorosis and frequency of
bone fractures among children and adults was observed. A similar study
conducted in China15 also revealed a higher prevalence of hip fractures in subjects
with high levels of F (4.32–7.97 ppm) in their drinking water It is also known that
bone formed in response to large doses of F has increased crystallinity and thus
may have decreased elasticity and greater susceptibility to stress fractures,28,29 in
agreement with our findings of increased fractures in the fluorotic area. 

In regard to effects on kidney function, the serum urea level was higher in the
fluorotic subjects but not significantly so, and the creatinine level was virtually
unchanged from that of the nonfluorotic control subjects. Thus the kidney status
did not seem to be especially affected.

In conclusion, high F and low Ca intake were found by DXA to be associated
with elevated BMD in cancellous bone, evidently leading to greater susceptibility
to bone fracture. Also important is the small increase in BMD at sites composed of
mixed cortical and cancellous bone along with a decrease in BMD at the sites
containing predominantly cortical bone.   
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