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Abstract: Fluoride as a supplement can affect the structural integrity of bone. Fluoride that is incorporated in
the mineral, substitutes for the hydroxyl group producing hydroxyfluorapatite crystals and presumed to increase
bone strength by preventing resorption.  Because of this, fluoride therapy has been carried out in clinical trials
for the treatment of osteoporosis. Although fluoride renders the mineralized tissues resistant to resorption, the
effects of fluoride on bone strength and cortical bone mass specially that of the developing bone has not yet
been characterized. The purpose of the study was to analyze the effect of fluoride on developing teeth and bone
in young rats through histomorphometry. Sixteen wistar rats were used and divided into two groups; non-
fluoride supplemented (control) and fluoride-supplemented groups. Four weeks after, the rats were sacrificed
and the mandible and femur were subjected to histological and histomorphometric analyses. No clinical difference
was observed between the two groups. The amount of mineralized cartilage was higher in fluoride-supplemented
group compared to the control group. However, the amount of new bone was lesser in fluoride-supplemented
group compared to the control group. This histomorphometric analysis showed that during endochondral
ossification, 10 ppm fluoride administration caused some changes in calcified cartilage and bone mineralization
in young rats.
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Introduction

     It has been recognized that fluoride affects the mineralization

of bone and teeth. Fluoride is usually incorporated in the mineral,

and increases the resistance of bone to acid dissolution thereby

reducing bone resorption. However, the advantage of fluoride

greatly depends on the amount administered1). Fluoride supplement

has been reported to affect bone mineralization in various ways.

At all doses, fluoride has physicochemical effect on bone. As it is

incorporated in the mineral, it substitutes for the hydroxyl groups

in the carbonate-apatite structure to produce hydroxyfluorapatite.

     Experiments on fluoride therapy for the treatment of

osteoporosis started during the 1960’s2). Although fluoride

supplement has been regarded as advantageous to the

mineralization of hard tissues, high dose administration has

detrimental effects. The potency of fluoride therapy is perplexed

by the bi-phasic dose relationship as well as the difficulty in

determining the appropriate dosage3). Some studies showed that

low doses of fluoride stimulate bone formation without altering

bone formation4, 5). On the other hand, high dosage of fluoride did

not decrease the spinal fracture rate and it increased the rate of

microfractures6). At higher doses, fluoride is thought to have an

effect on bone cells: mitogenic to osteoblasts and inhibitory to

osteoclasts7). Others reported that fluoride intake at high levels

had no negative effect on bone mineralization. Fluoride intake

was associated with slight increases in trabecular bone volume

and trabecular thickness but these effects could not be

demonstrated consistently8). Furthermore, fluoride directly affects

cell proliferation and alkaline phosphatase activity in culture

study9). Nevertheless, it is not known whether fluoride has an effect

on the recruitment and activation of osteoblasts in vivo. Few studies

have been conducted regarding the histomorphometric analysis

of fluoride-treated bone and cell10, 11). These studies were concerned

with osteoporosis and used adult or old animals.

     In line with this, we analyzed the effect of fluoride on

developing teeth and bone in young rats through histological and

histomorphometric analyses.

Materials and methods
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Animals

     Sixteen four week-old, male wistar rats were randomly divided

into 2 groups. All animals were housed in plastic cages, maintained

in an air-conditioned laboratory having a 12-hour automatic

lighting and fed regularly with rodent diet containing 0.74%

calcium, 0.15% magnesium and 0.74% phosphorus. The non-

fluoride supplemented group (control) received distilled water and

the fluoride-supplemented group received 10 ppm sodium fluoride

water solution (0.52mM/1NaF). The body weight, feed and fluid

consumption were monitored everyday for 4 weeks. On day 28

following an overnight fast, the rats were euthanized with CO
2

anesthesia. After confirmation of euthanasia by eye color and lack

of respiration, the mandibular bone and femur were dissected.

The samples were immersed in 4% paraformaldehyde solution in

preparation for histological analysis.

Histomorphometry

     The fixed mandibles and femur bones were decalcified with

10% EDTA solution for 3 weeks. The specimens were embedded

in paraffin blocks in a routine manner, sectioned longitudinally

into 4 m thickness and stained with hematoxylin and eosin. The

stained sections were observed under light microscopy and

analyzed by using the Bioquant Image Analyzer (R and M

Biometrics, Nashville, TN, USA). The amount of new bone,

mineralized cartilage and the cartilage/bone ratio were measured

at the metaphysis beside chondro-osseous junction of femur and

expressed in percentages.

Results

Clinical growth and mineral consumption

     The animals were monitored daily during the entire 4-week

experimental period. None of the experimental animal died. No

clinical difference was observed in both groups. The mean initial

weight, weight gained, feed and fluid consumptions were

determined for both groups and statistically analyzed. There was

no significant effect of fluoride observed clinically. All data were

represented as ±S.E.M. (Table 1).

Histology and histomorphometry

     The trabeculae showing mineralized cartilage in fluoride-

supplemented group were wider and thicker compared to the

control group (Fig. 1). Few mineralized cartilage within the cortical

bone was also observed (Fig. 2). Histomorphometric analysis of

the endochondral ossification of the femur showed that the amount

of new bone was higher in the control group compared to the

fluoride- supplemented group. On the other hand, the amount of

mineralized cartilage was higher in fluoride-supplemented group

than in the control group. The cartilage/bone ratio was higher in

   Control      Fluoride supplement

   Initial weight (g)              121.6 ±   2.7     124.2 ± 4.9
   Weight gained (g)             210.2 ± 19.4     220.8 ± 19.9
   Feed consumption (g)     1162.2 ± 65.8   1256.0 ± 70.1
   Fluid consumption (ml)    665.1 ± 56.6     683.7 ± 33.7
   Fluoride consumption    0.0 ± 0.0       2.09 ± 0.03
   (mg/kg bw/day)

Table 1. Comparison between the control and fluoride-supplemented group

Data were obtained from the means of ±S.E.M of eight rats per group.

       Control      Fluoride  supplement

  New bone/ total area         56.2±3.5     46.0±4.6*
  Mineralized cartilage/ total area   18.0±1.7     24.9±5.0*
  Cartilage/ bone ratio         32.6±3.1     52.6±5.8**

Data were obtained from the means of ± S.E.M of eight rats per group.
* P<0.05 vs. control    **P<0.01 vs. control

Table 2. Histomorphometrical analysis

Fig. 1a Fig. 1b

Fig. 2a

Fig. 2b

Fig. 2. Light micrographs of the cortical bone of control (a) and fluoride-
supplemented group (b). Few mineralized cartilages were observed within
the cortical bone in fluoride-supplemented group (H and E).

Fig. 1. Light micrographs of femur showing endochondral ossification in
control group (a) and fluoride-supplemented group (b). Mineralized
cartilage trabeculae in fluoride-supplemented group are wider than the
control group (H and E).
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fluoride-supplemented group compared to the control group. Table

2 shows the results of the histomorphometric analysis of both

groups. No significant change on tooth structures was seen in

fluoride-supplemented group (data not shown).

Discussion

     The effect of fluoride on bone and tooth mineralization has

been well recognized. Fluoride is only one of the few known agents

that can stimulate osteoblast proliferation and increase new mineral

deposition in cancellous bone. Fluoride incorporation into the bone

increases the size and thus decreases the solubility of the bone

apatite crystals1). It has been used clinically for the prevention

and treatment of osteoporosis although controversies still exist.

Therapeutic future for sodium fluoride in osteoporosis lies with

early administration and low-dose regimens in which toxic levels

are avoided and mineralization is not impaired12).

     In this study, histomorphometric analysis of endochondral

ossification showed that fluoride supplement increased the amount

of mineralized cartilage. During endochondral ossification,

hypertrophic chondrocytes alter the matrix they produce by adding

type X collagen and fibronectin to enable it to become mineralized

by calcium carbonate. It has also been recognized that resorption

of hard tissue is mandatory for bone growth and remodeling13).

The fluoride was incorporated in the early stage of bone

development and that was during endochondral ossification. The

incorporation of fluoride affected the mineralization of cartilage

by increasing the cartilage mass.

     Although there was an increased in the amount of mineralized

cartilage, the amount of new bone was reduced histologically and

histomorphometrically. The reduction in the amount of new bone

may be due to the delay in the deposition of mineralized bone

matrix following the death of the chondrocytes. This result

coincided with previous reports that bone mineralization is delayed

by fluoride14). Fluoride may stimulate bone formation but it also

prolongs the time period of mineralization15). This was also

reported in one study where in high fluoride intake caused

osteomalacia and diminished bone strength in rats16). The evidence

also indicates that fluoride produces bone mineral with intrinsically

weaker material properties than normal mineral. This could be

related to one study where in fluoride may have some effects on

the organic matrix like in the post-translational assembly of the

glycosaminoglycan chains which may be an influential factor in

the mineralization process17). Fluoride can augment the rate of

mineral deposition by reducing the solubility of precipitating

fluoridated apatites18).

     It has been reported that treating both rats and rabbits with

fluoride was found to decrease bone strength despite increases in

bone mass and bone volume fraction19). Also, high fluoride intake

had no effect on trabecular bone volume but instead increased the

amount of unmineralized osteoid particularly in older rats20).

Although lesser amount of new bone mass in fluoride-

supplemented group was obtained in this study, clinically, there

was no difference between the two groups. Unfortunately bone

quality assessment was not done.

     Furthermore, some mineralized cartilage was seen in cortical

bone of diaphysis in the fluoride-supplemented group. These

results indicate that fluoride may affect the absorption of

mineralized cartilage and bone as well as bone formation. Several

possibilities have been inflicted for the effect of fluoride on the

absorption of bone. It has been demonstrated that fluoride-treated

bone is more resistant to resorption than untreated bone21). The

direct effect of fluoride to osteoclast is not well understood. In

culture study, it showed a decrease in pit depth and inhibition of

osteoclastic movement in the presence of fluoride22). This is more

likely to be consequence of a more stable fluoride- treated bone

than any direct inhibitory effect of fluoride on osteoclasts.

     In conclusion, 10 ppm fluoride supplement in drinking water

caused changes in the calcified cartilage and mineralized bone in

young rats.
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