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Rational use of fluorides in caries
prevention

A concept based on possible cariostatic mechanisms
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The aim of this review has been to suggest that future fluoride preven-
tive programs should be based on what is at present known about the
possible cariostatic mechanisms of fluoride. The relative role of en-
amel fluoride in caries prevention has become increasinglK questioned
during the last two decades. No significant relationship has been de-
monstrated between caries experience of the individual and fluoride
content of the enamel. Furthermore, the fluoride content in surface
enamel between teeth developed in low and «optimal» fluoride areas
is too small to explain any significant effect on dissolution rate of the
enamel. As the major explanation for the cariostatic effect of fluoride
must therefore be sought in its local effect on the oral environment, the
possible effects on plaque colonization, composition and metabolic
activities are discussed.ql"he effect of even low concentrations of fluo-
ride in the liquid phase on enamel dissolution is described, and it is
concluded that the major cariostatic effect of water fluoridation, fluo-
ride tooth paste and mouth rinses can probably be ascribed to regular
increases in fluoride ion activity in the oral fluids. The effect of high
concentrations of topical fluoride solutions is thought to be a result of
a slow dissolution of calcium fluoride deposited in initial caries lesions,
whereby an increased fluoride ion concentration is maintained locally
for longer periods of time. Finally, the clinical consequences of these
considerations are described.
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Despite the effort of half a century to  genic mechanisms behind both dental

elucidate how fluoride works in caries
prevention, it is striking that no definite
answer has yet been given (for review
see 7). Thus, the questions raised by
Dean (14) in his excellent report on en-
demic fluorosis and its relation to den-
tal caries still remain unanswered. This
may not be so surprising, however, if it
is acknowledged that the basic patho-
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and skeletal fluorosis are obscure as
well (13, 22).

The observation that ingested fluo-
ride interfere with the mineralization
pattern in both enamel and dentine in a
very similar way (23) indicate that the
understanding of the cariostatic poten-
tial of fluoride may be closely associ-
ated with current attempts to disclose
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the basic principles in biological miner-
alization.

Because of this uncertainty about the
cariostatic mechanisms of fluoride con-
siderable effort has been spent on clini-
cal trials in which the effects of a var-
iety of fluoride regimes have been tes-
ted (5, 18, 19, 20, 47). It is generally
accepted that topical fluoride programs
exhibit a somewhat lower caries per-
centage reduction than does water fluo-
ridation, but obviously little concern
has been given to the fact that the effect
of different rinsing solutions appear si-
milar irrespective of great variations in
fluoride concentration, fluoride ion ac-
tivity, pH etc. of the solution (37). Ra-
ther than testing the effect of variations
in these parameters on caries incre-
ments in costly clinical trials, it seems
benificial to reconsider what is at pre-
sent known about possible mechan-
isms.

THE MOST POPULAR CONCEPT

Until recently most caries preventive
programs using fluoride have aimed at
incorporating fluoride into the dental
enamel. The relative réle of enamel
fluoride in caries prevention is now be-
ing increasingly questioned, and based
on rat experiments (41) and reeva-
luation of human clinical data (44), it
appears to be of minor importance.
Therefore it is generally accepted that
more than one mode of action may be
involved (4, 45). As mentioned above,
the most common belief is that fluoride
should be incorporated into the enamel
in order to reduce caries by forming hy-
droxyfluorapatite, which is more resist-
ant to acid dissolution (28).

This concept is based on the findings
that teeth formed in communities with
1.0-1.5 ppm fluoride in the water sup-
plies have about 50 % less caries than

expected (2, 3, 15). Such teeth have an
increased fluoride content in the sur-
face enamel (9, 29). It was natural,
therefore, to consider this as a cause-
and effect-relationship (10), as it was
further shown that apatite crystals in
bone formed under the influence of
fluoride appeared more perfect (64),
and clinically the enamel was con-
sidered better or «optimally» mineral-
ized (48).

FLUORIDE IN ENAMEL

The fluoride concentration in the bulk
of enamel is relatively low and reflects
fluoride incorporated during enamel
formation. The concentration depends
on the amount of fluoride ingested
from various sources such as water,
food or fluoride supplements (11). The
much higher concentrations in the
outer 30-50 um enamel surface is ac-
quired mainly during the postsecretory
phase of enamel formation prior to
tooth eruption (60).

The concentration in surface enamel
varies depending on depth of sampling,
sampling technique, age of the tooth,
and may vary from area to area over
the surface of the tooth (11, 12, 20, 28,
30, 45, 51, 61, 62, 65, 66, 68). It is a
general trend, however, that the length
of the preeruptive maturation phase in-
fluences the amount of fluoride ac-
quired. Thus, deciduous teeth from a
fluoride area contain much less fluor-
ide in the surface enamel than the per-
manent teeth from the same area, and
even less than permanent teeth devel-
oped in a low fluoride area (45). Conse-
quently it is important to consider that
the effect of systemic fluoride on caries
prevalence in the primary dentition is
of similar magnitude as that of the per-
manent dentition, irrespective of
amount of incorporated fluoride dur-
ing tooth formation (57).
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RELATIONSHIP BETWEEN ENAMEL
FLUORIDE AND CARIES

It is an interesting fact that the differ-
ence found in fluoride concentration of
surface enamel between permanent
teeth from low and optimally fluor-
idated areas is so limited (9, 29, 30, 39,
45); it is extremely difficult in this way
to explain the 50 % reduction of caries
observed in communities with about 1
ppm F in their water supplies. Much
emphasis has during the years been put
on the acid resistance of hydroxyfluor-
apatite, but it is noteworthy that com-
plete substitution of hydroxyl ions in
human enamel corresponds to a fluor-
ide content of 3.7 %. However, even in
severely fluorosed human enamel such
a complete substitution is never achiev-
ed as less than Y of the hydroxyl ions in
the outer enamel have been replaced by
fluoride (50). In human enamel formed
in areas with 1-1.5 ppm F- in the water
we are operating with much smaller
concentrations as the substitution
amounts to only 10 % corresponding to
about 3,000 ppm of fluoride in the
outer enamel.

The insignificant role played by such
small amounts of incorporated fluoride
in the tissue is illustrated by obser-
vations in vitro when teeth formed in
«low» and «optimal» fluoride areas
developed exactly similar lesions after
continuous exposure to an acidified
gel. Interestingly enough this finding
was reproduced following removal of
the outer fluoride rich surface enamel
in both groups of teeth (30). With this in
mind it is not surprising that it has
hitherto been difficult to demonstrate
any clear-cut inverse relationship be-
tween fluoride content of surface en-
amel and dental caries (16, 49, 51, 53,
56).

These considerations thus raise
doubt as to the validity of the concept
of caries prevention being a simple

function of enamel fluoride concen-
tration. Finally, it should be empha-
sized that Brudevold, McCann & Gron
(10) and Brown, Gregory & Chow (6)
have concluded that the rate of acid so-
lubility is of little importance in pro-
tecting the tooth against caries.

STUDIES SHOWING A PREDOMIN-
ANTLY TOPICAL EFFECT OF FLUO-
RIDE

All these observations combined ex-
plain why the cariostatic effect of topi-
cal fluoride regimes are found without
any concommitant increase of fluoride
concentration in sound enamel (8).
Thus, frequent fluoride mouthwashes
(67) or chewing of fluoride tablets (54)
gave rise to a distinct caries reduction
without significant increase in fluoride
concentration in sound buccal enamel.
In addition DePaola et al. (17) found
an almost similar caries reduction after
daily use of ammonium or sodium fluo-
ride rinses containing 1,000 ppm F-,
despite the fact that NH4F deposited
considerable amounts of fluoride in the
enamel during the experimental period
opposite to NaF.

It is thus obvious that the cariostatic
effect of any sort of fluoride treatment
should be sought in its effect on the
local environment surrounding the
tooth surface.

This concept is not in contradiction
with clinical data from fluoridated
areas as these collectively indicate that
waterborn fluoride is particularly effec-
tive during the periods in life were ca-
ries develop (47). It is a general im-
pression that certain surfaces receive
selective protection from water fluori-
dation (3). Unfortunately this state-
ment has to some extent overshadowed
the observation that the distribution
pattern of caries within the mouth in
areas with different concentrations of
fluoride in the drinking water is in prin-
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cipal maintained (47, 48). This main-
tenance of the basic decay attack pat-
tern within the mouth in optimally
fluoridated areas thus suggests that
fluoride predominantly exerts its effect
through its capacity to interfere with
the post-eruptive environment rather
than through an inherent fluoride fac-
tor of the enamel.

Finally, the importance of fluoride
being present in the oral fluid during
caries active periods can be seen from
the results obtained when water fluori-
dation or topical fluoride treatment is
discontinued (26, 27, 42). If an individ-
ual is still in a caries active phase an
increased number of lesions will ap-
pear.

THE EFFECT OF FLUORIDE ON
DENTAL PLAQUE

When considering the topical effect of
fluoride in caries prevention, it is natu-
ral to look at how it affects dental pla-
que. In principle, fluoride may inter-
fere with plaque colonisation, plaque
composition and/or metabolic activi-
ties within the microbial deposits.

Based on clinical data it has been
claimed that children from fluoride
areas accumulate less plaque than do
children from low fluoride areas. Lab-
oratory tests have indicated that fluo-
ride incorporated into the apatitic lat-
tice changes the adsorption selectivity
of enamel for specific aminoacids and
salivary macromolecules (46). Further-
more, it has been suggested that fluo-
ride present in the liquid phase might
desorp protein and bacteria from hy-
droxyapatite (52). However, controlled
studies in humans have shown that high
concentrations of fluoride, whether
present in enamel or in oral fluids, do
not change rate and/or composition of
early plaque formation (32, 59).

Very little is known about possible
effects of fluoride on microbial com-
position of plaque, but a comprehen-
sive microbiological study of predo-
minant plaque flora of children expo-
sed to high and low water fluoride con-
centrations was unable to detect any
significant difference (33).

There is no doubt, however, that
fluoride may interfere with bacterial
metabolism (24, 31). That this may be
of clinical significance has been con-
vincingly shown by Shields & Miihle-
mann (55). A slight increase in fluoride
ion concentration (0.10-1,9 ppm) was
sufficient to almost prevent a simulta-
neous saccharose-induced pH drop in
4-6 day old plaque. Furthermore, it
may be of importance that plaque
microorganisms are able to accumulate
fluoride intracellularly at low pH (63).
The significanse of these findings are
not yet fully understood, but it is temp-
ting to believe that the effect on plaque
metabolism may contribute to the ca-
riostatic effect of fluoride.

A POSSIBLE EXPLANATION OF THE
PREDOMINANT CARIOSTATIC
EFFECT OF FLUORIDE

In order to understand how fluoride
may exert its effect on dental caries, it
is necessary to have in mind that the
clinically detectable caries lesion is a
result of innumerable pH drops in the
dental plaque covering the enamel.
The enamel surface is not chemically
inactive or inert, but is constantly sub-
jected to exchange reactions with the
oral fluid. At caries susceptible sites the
marked fluctuations in pH will bring
about frequent dissolution and repreci-
pitation of minerals. The authors of the
present paper suggest that the major
reason for the cariostatic effect of fluo-
ride can be ascribed to its ability to in-
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fluence these processes even at very low
(0.2-1 ppm) concentrations by facilitat-
ing calcium phosphate precipitation.

This is in accordance with Brude-
vold, McCann & Gron (10) who came
to the conclusion that the role of fluo-
ride in caries prevention can be ascri-
bed to its unique ability to induce apa-
tite formation from solutions of cal-
cium and phosphate. Saliva in itself is
an excellent solution for reminerali-
zation (I, 24, 34), but fluoride treat-
ment significantly increases the rate of
remineralization as shown by von der
Fehr, Loe & Theilade (21).

‘It is remarkable that only traces of
fluoride (0.2 ppm) are required in a
solution with calcium present at pH 4.2
to reduce markedly the rate of disso-
lution of enamel (43). Furthermore,
Joost Larsen, von der Fehr & Birkeland
(38) showed that addition of low con-
centrations of fluoride (0.1-1.0 ppm)
into a liquid at pH 5.0, which is satu-
rated with respect to hydroxyapatite
and in contact with this solid, gives rise
to a rapid formation of fluorapatite. A
low fluoride ion activity in the liquid
was thus able to reduce the amount of
calcium and phosphate dissolved. The
authors concluded that the theory of
the solubility reducing effect of fluor-
ide and the theory of remineralization
can to some extent be considered to be
two aspects of the same process.

What appears to be important in re-
ducing the solubility of the enamel is
the fluoride ion activity in the oral fluid
rather than a high content of fluoride in
enamel. These results, based on simple
chemical experiments, explain why
fluoride accumulates in cervical en-
amel below dental plaque with age (51,
62). Consequently, surface enamel
fluoride at caries susceptible sites may
simply be an indicator of the environ-
mental conditions at the plaque-enamel
interface lifelong.

In consequence the cariostatic effect

of water fluoridation, salt fluoridation,
fluoride toothpaste and mouth-rinses
can be ascribed to the regular (daily or
weekly) increase in fluoride ion activity
in oral fluid.

Topical application of high concen-
trations of fluoride (2 % NaF, 8 % SnF,
APF, etc.) gives rise to formation of cal-
cium fluoride on normal enamel. As
this salt is soluble in saliva, it gradually
dissolves, and thereby an increased
fluoride activity is observed in oral
fluid up to 24 hours after treatment. It
has recently been shown that the fluor-
ide concentration in saliva 2 and 4
hours after treatment is sufficient to in-
crease remineralization of dental en-
amel significantly; more than does nor-
mal saliva (36). In areas where carious
lesions are at different stages of
development, calcium fluoride may ac-
cumulate deep in the porous enamel
(40) whereby a prolonged effect in the
micro-environment of the lesions may
persist for days, weeks or even months.

Recently, Koulourides et al. (35)
have shown that enamel which had
been made porous for 8 days prior to
fluoride treatment exhibited higher re-
sistance to an intraoral cariogenecity
test for 4 weeks than did fluoride
treated normal enamel. Whether this
should be considered as an indication
of increased resistance of the early en-
amel lesion as suggested by these au-
thors, or rather as an excellent example
of a prolonged effect of fluoride release
from a calcium fluoride reservoir in the
porous enamel, should be further in-
vestigated.

CONCLUSIONS
Based on these considerations it is ob-
vious that fluorides used in caries pre-
vention may in reality be considered as
an outstanding method for caries treat-
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ment at subclinical and clinical levels.
As a direct consequence any method
which places particular emphasis on in-
corporation of bound fluoride into
dental enamel during formation may
be of limited value. Therefore, there is
limited scientific data to support the as-
sertion that systemic fluoride treatment
should be initiated from shortly after
birth. During the first years of infancy
mothers are overwhelmed by several
other health preventive measures. Con-
commitant with the eruption of pri-
mary molars instruction in oral hygiene
and reasonable dietary habits with li-
mited intake of fermentable carbohy-
drates should be initiated together with
various types of fluoride treatment.

The choice of fluoride program(s)
will then depend on the dental health
system (numbers and categories of
health personnel), attitudes to water
fluoridation in the community and so-
lid data on caries prevalence and inci-
dence in the population.

That topical fluoride programs toge-
ther with daily use of fluoride tooth-
paste is not to be considered as a sec-
ond class type of caries treatment as
compared to water fluoridation is
clearly demonstrated by the results ob-
tained in the Danish Child Dental
Health Program (58). In Fig. 1A & B the
development in DMF-S between 1973
and 1980 is seen in a water fluoride
area (1.5 parts/10°F") and in two low
fluoride areas (<0.4 parts/10°F")
among Ist and 9th grade children.
Child dental health service has been
operating in all three areas for more
than 20 years.

Based on our present knowledge ob-
tained from epidemiological studies,
clinical trials, microbiologic and clini-
cal studies, laboratory experiments and
theoretical physico-chemical consider-
ations, considerable evidence is avail-
able to substantiate the assertion that
fluoride, even in low concentrations, is

1. GRADE
4 3 2 1
s T T —
1973} BALLERUP NATIONAL HVIDOVRE VORDINGBORG
1975f
1980F
Fig. 1 A
9. GRADE
18 16 14 12 10
T . : . ; .
1973" BALLERUP HVIDOVRE
1975k VORDINGBORG
1980}
Fig. | B

Fig. 1 A and B. Development in DMF-S 1973 —
1980 in a F-area (Vordingborg, 1.5 parts/10°F-)
and in two low F areas (Ballerup and Hvidovre,
< 0.4 parts/10°F~) among 1st grade children (A)
and 9th grade children (B). The number of chil-
dren examined each year is approximately 380
(Vordingborg), 960 (Ballerup) and 700 (Hvi-
dovre). In addition Fig. 1 A indicates mean num-
ber of DMF-S for the entire nation. Data origi-
nate from the Danish Child Dental Health rec-
ording system (58).

necessary in the oral fluids to obtain
maximum caries inhibition. The rela-
tive significance of fluoride bound in
the enamel remains uncertain. There-
fore continuous or frequent supple-
mentation to oral fluids is mandatory,
particularly in cases of increased cario-
genic challenge at any age.
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