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Enamel fluorosis in rat’s incisor:
S.E.M. and T.E.M. investigation
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SUMMARY

Findings on the alterations taking place in the enamel have demonstrated that they are generally caused
by a daily use of highly fluoritic drinking waters.

According to that, the Authors have carried out an ultrastructural study on lower incisors of albino rats
after administering for 60 days water with a fluorine concentration five times the normal one.

The samples, studied under the S.E.M., showed a general slowing of both the deposition and the matura-
tion phase as well as the presence of some hypomineralized areas even after eruption.

All this suggested the possibility that the damages observed were not due to the direct effect of fluorine on
the enamel, but to the interaction between fluorine and ameloblasts.

The Authors have then carried out an ultrastructural study on the enamel organ using the S.E.M.

The results showed the presence of a well-evident endoplasmic reticulum, the lack in dense granules dur-
ing the secretion phase, the lack in ruffle ended webs during the modulation phase, and the mitochondrial
damage in the ameloblast.

All this could justify the slowing of the enamel mineralization caused by fluorine effect on the
ameloblasts.
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RESUME

Il a été démontré que des altérations de I’émail sont généralement dues a I’absorption quotidienne d’eaux
de boissons riches en fluor.

Les auteurs ont entrepris une étude ultrastructurale des incisives inférieures du rat ayant recu pendant
60 jours de ’eau dont la concentration en fluor est 5 fois supérieure a la normale.

Les échantillons étudiés en microscopie électronique a balayage ont montré un ralentissement global de la
déposition et de la phase de maturation ainsi que la présence de territoires hypominéralisés méme apres
I’éruption.

Toutes ces constatations suggerent la possibilité que les dommages observés ne sont pas dus a I’effet direct
du fluor sur I’émail, mais aux interactions entre le fluor et les améloblastes.

Les auteurs ont mené une étude ultrastructurale de I’émail en utilisant le microscope électronique a
balayage.

Les résultats ont montré la présence d’un réticulum endoplasmique bien apparent, ’absence de grains den-

ses au cours de la phase secrétoire, I’absence d’extrémités membranaires rugueuses au cours de la phase de
. 4 . . .

modulation, et des altérations des mitochondries dans les améloblastes.
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Enamel alterations can therefore be correlated with
ameloblasts alterations: in fact, the amelogenines
play a significant role in the nucleation of the
hydroxyapatite crystals while Ca** together with
PO, - complexes characterize their structure.

In the present study no quantitative evaluation of
enamel Ca** has been carried out. Nevertheless, in
previous X-ray microanalysis studies a decreased
Ca** and a variation of Ca/P (Magaudda, L. ez 4/,
1990) had been observed.

During the modulation phase, the cells are shorter
and are also separated by larger spaces if compared to

what observed during the secretion phase (Reith,
1970).

In the apical pole, a smooth terminal web always
alternates with a ruffle terminal web (Josephesen and
Fejerskov, 1977).

The smooth ended ameloblasts produce the
lysosomal enzymes that will be then secrete, in the
enamel matrix, by the ruffle ended ameloblasts in
order to degrade the organic component.

This latter will be transformed into small peptides
and then reabsorbed by the capillaries of the vascular
layer through the intercellular spaces.

Our findings indicate that, because of the effect of
fluorine the mayority of the ameloblasts show a
smooth terminal web.

In case of a ruffle terminal web, this is characterized
by not very deep invaginations.

It has been demonstrated that the fluorine inhibits
the enzymatic activity (Wiseman, 1970) and that,
before eruption, the quantity of organic matrix, in
the enamel treated with fluorine, is almost three

times the normal one (Den Bensten and Crenshaw,
1984).

Our findings, according to the above mentioned
literature, demonstrate that the decreased secretion
of lysosomal enzymes, induced by fluorine during
the maturation phase, reduces the organic matrix
reabsorbed by the vascular layer.

Since the almost complete reabsorption of both the
organic matrix and water is necessary in order that
the crystallographic processes may occur (Deakins,
1942; Suga, 1982) there is no doubt that the enamel
reaces the eruption not completely mineralized.

Our findings show that even after eruption, the
enamel is not completely mineralized. Furthermore,
our samples indicate that, both before and after erup-
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tion, there are still some areas in which an
incomplete aggregation of the interprismatic and
intraprismatic subunities is observable.

Since the morphological pattern of the mineraliza-
tion 1s the complete aggregation of the subunities, we
can affirm that the mineralization is still incomplete.

These results correspond to those obtained in
previous studies administering fluoritic pellet. A
close relation between the alterations of the
mineralization and the damages to the ameloblasts is
therefore evident. In fact, the secretion phase in
characterized by an increased cellular damage whose
peculiar aspects are the mitochondrial alterations and
the substitution of the endoplasmic reticulum for the
ergastoplasmic one.

All this leads to an inhibition of the synthesis of the
enamel proteins and to a reduction of the captation
and dismission of Ca** in the enamel matrix.

All these data clearly explain the slowing of the
fibrillization as well as the incomplete aggregation of
the rod subunities.

During the modulation phase, the cellular damages is
characterized by a reduction of the number of ruffle
ended ameloblasts and by a consequent reduced
dismission of the lysosomial enzymes.

This determines the reduced reabsorption of the
organic matrix and the incomplete aggregation of
both the prismatic and the interprismatic subunities.

CONCLUSIONS

Our findings have shown that it is possible to obtain
equal alterations of the mineralization process
administering fluorine either using fluoritic water of
fluoritic pellets.

In particular, we observed the slowing of the
fibrillization as well the slowing of the density phase,
of both the rod and the interrod, leading to the
presence of some hypomineralized areas after
eruption.

Furthermore, the alterations of the ameloblasts, e.g.
the mitochondrial damage, the presence of a well-
evident endoplasmic reticulum, the lack in dense
granules during the secretion phase and the rare ruf-
fle ended webs during the modulation phase, justify
the slowing of the enamel mineralization due to the
fluorine effect on the ameloblasts.

103








