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Abstract

The aim of the present study was to examine approx-
imal enamel surfaces in the scanning electron micro-
scope (SEM). Thirty premolars developed and erup-
ted in an 'optimally' fluoridated (1 ppm) community
had clinical indications of dental fluorosis and early
signs of dental caries corresponding to the approx-
imal contact area. The SEM-examination disclosed

a spectrum of posteruptive changes ranging from
isolated surface fractures to carious dissolution,
abrasion and calcified microbial deposits. Conclu-
sively, we found that teeth developed and erupted
in areas with fluoridated water undergo similar
posteruptive alterations due to prevailing environ-
mental conditions as reported in teeth from low
fluoride areas.
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Introduction

Addition of fluoride to the drinking water in
order to prevent dental caries has been based
mainly on the possible systematic influence of
fluoride during tooth formation. Thus the mech-
anisms of the cariostatic action of the fluoride
have been linked to 1) the improvement of the
apatite crystallinity, which is believed to de-
crease crystal solubility and reactivity (Driessens,
1973), 2) a higher mineralization of the enamel
surface by acquisition of fluoride during the pre-
eruptive maturation stage (Weatherell et al., 1977),
and 3) by changing the size and morphology of the
tooth crowns (Cooper and Ludwig, 1965; Aasenden
and Peebles, 1974; Goose and Roberts, 1979).

In the light of widespread use of water fluor-
idation, it is interesting that only one study has
compared the light microscopical features of approx-
imal 'white spot' caries lesions in fluorosed teeth with
those observed in teeth developed in a low fluoride
area (Kidd et al., 1981). Essentially these authors
found that the histological features were very simi-
lar, but they also noted a tendency towards enhan-
ced approximal wear in the fluorosed teeth. More
recently conducted scanning electron microscopical
(SEM) studies have deepened our understanding of
the ultrastructural surface changes preceding the
clinically visible 'white spot' lesion in teeth from
low fluoride areas (Thylstrup and Fejerskov, 1981;
Thylstrup and Fredebo, 1982; Haikel et al., 1983;
Thylstrup et al., 1983; Holmen et al., 1985).

It was therefore considered relevant to study
the extent to which similar subclinical changes can
be identified in teeth developed in areas with ele-
vated concentrations of fluoride in the water sup-
plies. This study describes the macroscopical and
SEM observations on approximal surfaces of human
premolars formed and erupted in children living in
an 'optimally' fluoridated community (1 ppm).

Materials and Methods

The material consisted of 30 randomly selected
human premolars extracted in 15-year-old children
who were undergoing orthodontic treatment. The
patients were all born and raised in a fluoridated
(1 ppmF ™) community in Winnipeg, Manitoba. Fol-
lowing extraction, the teeth were placed in a 5%
hypochlorite solution for 2 h in order to remove
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organic surface coatings. The specimens were then
rinsed in 3-4 batches of distilled sterile water for

48 h under constant stirring and subsequently
cleaned ultrasonically for 30 s. The teeth were
photographed using a stereomicroscope, dehydrated,
critical-point dried, evacuated to stable vacuum at
107® Torr (Edwards Model E 12E) and coated with a
5nm platinum layer (Nanotec-SEM preparation). The
specimens were kept under stable vacuum prior to
examination in the scanning electron microscope
(JEOL ISM -U3 SEM).

Results

All teeth were characterized by a diffuse red-
uction in enamel translucency without air-drying,
indicating dental fluorosis. According to the class-
ification system proposed by Thylstrup and Fejer-
skov (1978), these changes corresponded to score
3. In addition to the signs of dental fluorosis, a
wide range of approximal surface changes were
found corresponding to microbial stagnation areas
in the periphery of the interproximal contact area.

Detailed examination of these areas under the
stereomicroscope showed, in the majority of the
teeth (38 surfaces), localized areas with more dis-
tinct opacity (Figure 1). In contrast to the sur-
rounding enamel, these areas had a more dull
appearance. The enamel in the contact areas was
always translucent and shiny even after prolonged
air-drying. In the remaining 11 teeth it was only
possible to identify the characteristic transiucent
contact area at this level of examination.

Scanning electron microscopic examination

Examination at low magnification of the uner-
upted part of the approximal enamel surfaces dis-
closed a microanatomical variation identical to that
of normal teeth (Thylstrup and Fredebo, 1982;
Holmen and Thylstrup, 1984), ranging from reg-
ular smooth surfaces with hardly detectable peri-
kymata patterns (Figure 2a) to irregular wavy
perikymata patterns with rows of Tomes' process
pits. In addition, developmental irregularities such
as surface overlapping projections and focal holes
were to be found in all specimens. In contrast,
there were no signs of localized or focal loss of the
unerupted part of the surface. High-power magni-
fication of the unerupted enamel surfaces showed a
regular arrangement of crystals and crystal groups
which were characterized by their uniform, rounded
appearance (Figure 2b). The crystals and the
groups of crystals were separated by a distinct
network of spaces giving the impression of a very
porous microstructure of the unerupted part of the
enamel .

Examination in the SEM of a typical surface with
a marked approximal facet and localized dull-whitish
areas cervical to the facet, as macroscopically illus-
trated in Figure 1, shows marked surface abrasion
corresponding to the approximal facet area (AF, Fig-
ure 3). Occasionally larger parts of the outer sur-
face were fractured away in the facet area exposing
the interior enamel structure. The individual frac-
ture lines correspond to the striae of Retzius and
were often rounded. In the bottom of the cavity
the pattern of enamel rods can be discerned. In
addition, isolated microcavities were found in all
specimens especially corresponding to the periphery
of the abraded approximal facet (Figure 3). Detail-
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Figure 1: Approximal surface of maxillary premolar
with slight dental fluorosis and a well-defined 'white
spot' lesion.

ed examination of a smooth part of the facet (Figure
ba) showed exposure of rod and interrod areas, in
addition to more dense areas in which fine wear stri-
ations can be discerned. High power examination of
the dense areas (Figure 4b) showed groups of crys-
tals which seemed to have fused together. The
crystal arrangement was more irregular than obser-
ved on the unerupted part of the enamel (Figure 2b)
and localized loss of crystals was frequently obser-
ved (compare Figure 2b with 4b).

The bottoms of the cavities in the approximal
contact area were highly irregular, with crests and
valleys (Figure 5a). However, the most protruding
parts of the exposed surface appeared smooth, with
a crystal arrangement equivalent to that of the sur-
rounding dense enamel surface of the approximal
facet. In contrast, examination of the deeper and
more protected parts of the surface profile disclosed
loosely packed and highly irregularly arranged crys-
tals (Figure 5b).

Detailed SEM-examination of the dull-whitish
area cervical to the facet (Figure 6a) showed exten-
sive signs of surface dissolution as larger parts of
the outer microsurface were dissolved and fractured
away. Furthermore, the dissolution had made the
arcade-shaped rod peripheries more visible. Exam-
ination at the crystal level (Figure 6b) revealed
that the crystals had lost their regular arrange-
ment, uniform shape and size, which gave the im-
pression of more loosely bound crystals and crystal-
like material in this area. This observation was
very consistent and was thus seen in smooth areas
as well as in areas with developmental irregularities.

In specimens which appeared macroscopically
sound, it was possible without exception to observe
minute changes of the external microsurface cervical
to the interproximal facet. These changes were con-
sistent in the entire lesion area and similar to the
surface reactions observed in visible lesions with
partly dissolved individual crystals and disintegra-
tion of crystal groups.

In addition to the enamel surface findings, it
was common to encounter large amounts of calcified
microbial remnants in all specimens (Figure 7a).
They were obviously situated all over the erupted
approximal surfaces and it was possible to detect
the impressions of the formerly present bacteria.
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Figures 2a,b: Micrographs of an unerupted enamel
surface at different levels of examination. (a) Low
magnification showing a relatively smooth surface

layer and (b) detailed view of the uniform and in-
dividual crystals and crystal groups in this area.

Figure 3: Micrograph of the framed area in Figure
1. Note the flattened approximal facet (AF) with
localized losses of outer enamel surface (arrows)

in contrast to the lesion area (LA).

Figures l4a,b: Micrographs from the approximal
facet (AF) in Figure 3. (a) The surface is dom-
inated by wear (arrows show the fine wear-
striation) and a smoothening out of irregularities.
(b) Crystals and crystal groups from (a). Note
groups of tightly packed crystals separated by a
delicate network of spaces, and localized loss of
crystals (arrows).




High resolution examination of the calcified sub-
stance revealed crystal-like material in addition to
substances which, at this level of examination,
appeared structureless (Figure 7b).

Discussion

This study found that teeth from children
born and raised in an 'optimally' fluoridated area
had very mild signs of dental fluorosis indicating
a slightly enhanced subsurface porosity (Thylstrup
and Fejerskov, 1978) and were, therefore, not
more highly mineralized than teeth developed in
areas with a low fluoride content in the drinking
water. Furthermore, the SEM observations show-
ed that the external apatite crystals from the un-
erupted part of the enamel gave hardly any evi-
dence of being larger and more perfect than those
found in comparable areas of normal enamel after
application of identical preparation procedures and
SEM techniques (Holmen and Thylstrup, 1984;
Holmen et al., 1985). More important, the width
of the intercrystalline spaces gave no impression
of a more dense external surface layer than norm-
ally found in the SEM (Holmen and Thylstrup,
1984). It is obvious, however, that a more pro-
found analysis of this observation requires a de-
tailed and systematic quantitation of intercrystal-
line spaces.

With respect to the erupted part of the approx-
imal surfaces, it was possible in this study to dem-
onstrate initial subclinical caries dissolution as
well as manifest 'white spot lesions' including
macroscopically visible localized loss of the enamel
surface layer. The macroscopically observed dull-
whitish appearance of the areas cervical to the
approximal facet thus reflected the direct dissolu-
tion of the enamel surface as seenin the SEM which
has more recently been shown to be a character-
istic feature of active enamel caries lesions
(Thylstrup and Fejerskov, 1981; Thylstrup and
Fredebo, 1982; Haikel et al., 1983; Holmen et al.,
1985). In areas without such macroscopically
visible changes, particularly in the vicinity of
the facet area, the present study also demonst-
rated early signs of dissolution at the ultrastruc-
tural level of examination. It is therefore
reasonable to assume that these observations
corresponded to those previously reported on
stages of caries dissolution preceding the 'white
spot' lesions (Thylstrup and Fredebo, 1982;
Holmen and Thylstrup, 1984; Holmen et al.,
1985).

It is tempting to believe that the elevated
porous structure of the fluorosed teeth, in ad-
dition to demineralization prior to establishment
of interproximal contact, was responsible for the
observed enhancement of interproximal wear, as
also suggested by Thylstrup and Fejerskov (1978)
and Kidd et al. (1981). This hypothesis is sup-
ported by the presence of a multitude of localized
microcavities in the periphery of the approximal
contact areas being indications of extensive abra-
sion of the surface layer. The mechanical removal
of the surface in this area thus leads to exposure
of the underlying porous tissue which further pro-
motes interproximal wear.

In short, this study gives reason to believe
that teeth developed and erupted in children
living in a fluoridated area in principle show the
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Figures 5a,b: Detailed view of a microcavity
below the flattened approximal facet (AF) in Fig-
ure 3. (a) Note the highly irregular bottom
with relatively smooth crests (arrows).

(b) High resolution micrograph showing loosely
packed and irregularly arranged crystals and
crystal groups from the deepest part of the bot-
tom profile.

Figures 6a,b: (a) Surface features from the

lesion area (LA) in Figure 3. Note initial direct
dissolution of the external enamel surface (arrows).
(b) High power magnification of (a), illustrating
alterations in crystal arrangement and size com-
pared to Figure 2b.

Figures 7a,b: (a) Micrograph of calcified inter-
microbial substances. (b) High magnification of
the crystalline material between the impression -
of formerly present bacteria. |

same spectrum of structural changes previously
observed in teeth from low fluoride areas
(Thylstrup and Fredebo, 1982; Thylstrup et al.,
1983).

The present macroscopical and ultrastructural
results showed, therefore, that fluoride incorpor-
ated in the enamel during tooth formation as well
as the continuous presence in the oral fluids, did
not totally protect the enamel surface from the in-
itiation of caries development. The cariostatic
mechanism of fluoride in water fluoridated areas is
therefore merely related to an inhibition of lesion
progression. This assumption is in accordance
with more recent analysis of clinical data from
water fluoridated areas (Groeneveld, 1986).

In contrast to hitherto described SEM-find-
ings in approximal surfaces from non-fluoridated
areas (Thylstrup and Fejerskov, 1981; Thylstrup
and Fredebo, 1982; Thylstrup et al., 1983) this :
study demonstrated the presence of considerable
amounts of calcified microbial remnants equally
distributed on the surface.

It is interesting, therefore, that Houwink
and Backer Dirks (1966) found a slight increase
in clinically detectable calculus in areas with ele-
vated concentration of fluoride in the drinking
water. This phenomenon is presumably linked
to the elevated fluoride content in the oral fluids,
which has been noted in children residing in flu-
oridated areas, particularly after rinsing with
the fluoride-containing local water (Bruun and
Thylstrup, 1984).

The crystal-like material observed in this study
may therefore be a result of a complicated inter-
action of fluoride with the calcium/phosphate sys-
tem in the liquid phase surrounding the teeth.

The elevated tendency to plaque calcification may
presumably be of some importance in the matter
of cariostatic ability of fluoride as the fluoride
containing calcium phosphate deposits probably
act as a mineral reservoir and thereby reduce
the net-loss of mineral from the teeth during pH-
lowering.
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Discussion with Reviewers

S. Risnes: Is it necessary to critical-point dry
an enamel specimen from which the surface or-
ganic material has been removed?

Author: It is not absolutely necessary to critical-
point dry in this case, but we have learnt from
experience that if this process is omitted, it is
very difficult (if not impossible) and time consum-
ing to evacuate the specimens to stable vacuum
(1076 Torr) prior to the coating procedure. If
the specimens are still degassing, the coating
layer will become unevenly distributed on the sur-
face.

S. Risnes: How do you explain the patchy (with
distinct boundaries) loss of the microsurface
shown in Fig. 6a? Can the same phenomenon be
observed in Fig. 2a from the unerupted part?
Author: The patchy appearance of the micro-
surface is caused in the first place by caries de-
mineralization, subsequently by fracturing away
of this partly dissolved external microlayer,
presumably due to functional use (i.e. mastica-
tion). No, this phenomenon has not been ob-
served in the unerupted parts of the enamel sur-
faces. Occasionally unerupted enamel surfaces,
in teeth from low fluoride areas as well as from
areas with water fluoridation, display minor areas
with loss or absence of microsurface, which in low
magnification could offer points of resemblance
with the patchy pattern shown in Fig. 6a. How-
ever, high power magnification always reveals
large differences in crystal arrangement (compare
Fig. 2b with Fig. 6b) reflecting the differences
of the cause of this phenomenon. The explanation
for the absence of parts of the microsurface in un-
erupted enamel surfaces could be preparation
damage.
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