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front in which mineral deposition on the collagen 
fibers has not yet proceeded to its limit (9). Another 
significant observation is that the collagen fibers 
are of smaller diameter as compared to the nor­
mal condition of smooth bundles of large diameter. 

The endosteal surface of normal bone shows 
deep lacunae and sharp edges on the resting 
surface and in the actively resorbing areas (Fig. 6). 
Some areas in which resorption has ceased (or is 
proceeding very slowly) present shallow and rather 
poorly defined lacunae (Fig. 7). Again in the area of 
active resorption the skeleton of individual collagen 
fibrils is seen clearly. In areas in which resorption 
has ceased the surface tends to be very smooth, 
and it is therefore not possible to recognize 
collagen fiber orientation (Fig. 7). The endosteal 
surface of the bone from fluoride-treated animals is 
characterized by the obliteration of most of the 
resorbed areas with newly deposited collagen 
fibers which are irregularly oriented (Fig. 8). 

Electron microprobe x-ray analysis revealed that 
the periosteal and endosteal surfaces of both 
normal bone and that from fluoride-treated animals 
generated an energy spectrum indicating that 
these regions are composed mainly of phosphorus 
(Ka = 2.01) and calcium (Ka = 3.69). The ratio of 
CaKa to PKa was determined for each sample, and 
it was found that the periosteal and endosteal 
surfaces of "fluoride-treated" cortical bone had a 
higher CaKa/PKa ratio than the normal control 
bone (Table I). 

Chemical analysis of cortical bone reveals a 
significant increase in calcium content after 8 
months of fluoride treatment (Table II). Whereas 
the total phosphorus content of "fluoride-treated" 
cortical bone was not changed by the fluoride 

Fig. 5 Scanning electron micrograph of " flouride·treated " 
cortical bone (periosteal surface) showing irregularlY'arranged 
collagen bundles with rough texture. x2000. 

Fig. 6 Scanning electron micrograph of normal cortical bone 
(endosteal surface) showing both resorbing (RO) and resting (RT) 
areas. x1088. 

Cortical bone of rabbits fed fluoride 

in the diet, the Ca/P ratio showed a higher value in 
"fluoride-treated" than in normal bone. These 
findings are in agreement with the electron 
microprobe x-ray analysis of endosteal and 
periosteal surfaces. Data on the fluoride content of 
bone showing a significant increase after 8 months 
of fluoride ingestion have already been reported 
by us (10). 

Discussion 

The unmineralized collagen fibers found in the 
resorbed areas may be due to the presence of high 
concentrations of glycosaminoglycans. The 
presence of high concentrations of sulphated 
glycosaminoglycans, which are potent inhibitors of 
mineralization, has been demonstrated in bone (9, 
10, 11). Removal of glycosaminoglycans is a 
prerequisite for mineralization of collagen fibers. 
Hence the presence of high concentrations of 
glycosaminoglycans may be the reason for poorly 
mineralized collagen fibers. • 

The change in the morphology of the collagen 
fibers and the matrix may possibly be due to 
reduced cross-link precursors (12) of collagen and 
collagen biosynthesis (13). Hence reduced 
collagen cross-links and biosynthesis along with 
the significant increase in glycosaminoglycans 
may be one of the reasons for gross morphological 
changes in "fluoride-treated" bone. However, it is 
not clear whether these changes in bone surfaces 
are a compensation for the increased resorption 
rate induced by fluoride ingestion reported by 
Weinmann and Sicher (14), or are associated with 
a markedly increased osteoblastic activity similar 

Fig. 7 Scanning electron micrograph of normal cortical bone 
(endosteal surface) showing both actively resorbing area (ARO) 
and slowly resorbing area (SRO). x2300. 

Fig. 8 Scanning electron micrograph of " fluoride·treated " 
cortical bone (endosteal surface) showing resting (RT) and newly 
laid down collagen fibers in resorbed areas (RO). x1088. 
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Table I Results ' of electron microprobe x-ray analysis of 
cortical bone from rabbits fed sodium fluoride and from 
untreated controls. 

Control (5)" 
Experimental (5) 

Endosteal 
Surface 

1.67 
207 

Periosteal 
Surface 

1.72 
1.80 

• Values expressed are the ratio of Cak"/PK" 
•• Numbers in parenthesis indicate the number of experiments 

carried out. 

Table II Results' of chemical analysis of normal and " fluoride­
treated " cortical bone. 

Calcium Phosphorus Calc ium 
Mean + S.D. Mean + S.D. Phosphorus 

Cont rol (5)" 25.6 + 1.6 10.2 + 1.2 2.51 
Experimental (5) 28.9 + 2.3'" 10.5 + 1.5 2.75 

• Data expressed as mg % of dry defatted bone. Numbers in 
parenthesis indicate the number of experiments carried out. 

have ingested fluoride . This observed 
hypomineralization could be explained on the basis 
of the fact that the OH- pOSition in the crystal 
lattice is filled by F- ion , with an equivalent amount 
of P03 ion escaping to balance the charge (20). 
Another possibility is that electrical neutrality is 
maintained by a loss of the hydrogen which in low 
Ca/P apatite is found as a bond between oxygens of 
adjacent P04 groups. 

On the other hand , the mere presence of 
calcium fluoride is likely to cause the abnormally 
high Ca/P rati o found in " fluoride-treated bone", 
although the presence and the exact nature of the 
compound has not been established either by x- ray 
diffraction or by electron diffraction studies. It 
could however, ex ist as a calcium-rich organic 
complex with proteoglycans and glycosaminogly­
cans which have been shown to increase the bone 
of in fluoride-treated animals (10,11). Such a 
complex may be the explanation for the increase in 
Ca/P ratio found in the present investigation . 

• 

•• P< 0.05 significantly differs from cont rol. Acknowledgements 

to that described by Schenke et al. (15). 

The increase in CaKcdPKa ratio observed by 
electron microprobe x-ray analysis of periosteal 
and endosteal surfaces, and in the Ca/P ratio 
observed by chemical analysis of whole bone 
powder, as an accompaniment to the increased 
fluoride concentration, is in agreement with 
previous studies (16,17). The increased Ca/P ratio 
can be explained by the fact that high fluoride 
concentration favours the transformation of 
amorphous calcium phosphate , which has a low 
Ca/P ratio, into crystalline apatite, which has a high 
ratio (16). Increase in crystal size may also be 
associated with an increased Ca/P ratio (18,19). 

Although the enhanced Ca/P ratio indicate 
hypermineralization of the matrix , the results 
obtained from SEM studies suggest hypominer­
alization of the collagen fibers in animals which 
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