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Abstract – Dental caries is a bacterially based disease that progresses when acid
produced by bacterial action on dietary fermentable carbohydrates diffuses into
the tooth and dissolves the mineral, that is, demineralization. Pathological factors
including acidogenic bacteria (mutans streptococci and lactobacilli), salivary dys-
function, and dietary carbohydrates are related to caries progression. Protective
factors which include salivary calcium, phosphate and proteins, salivary flow, and
fluoride in saliva can balance, prevent or reverse dental caries. Fluoride works
primarily via topical mechanisms which include (1) inhibition of demineralization
at the crystal surfaces inside the tooth, (2) enhancement of remineralization at
the crystal surfaces (the resulting remineralized layer is very resistant to acid at- Key words: carbonated apatite; dental caries;

fluoride; remineralizationtack), and (3) inhibition of bacterial enzymes. Fluoride in drinking water and in
fluoride-containing products reduces tooth decay via these mechanisms. Low but John D. B. Featherstone, Department of
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Although the prevalence of dental caries has de-
clined markedly over the last 20 years in most
countries in the western world the disease is still a
major problem for both adults and children. The
change in the mean decayed, missing and filled
surfaces in permanent teeth (DMFS) is illustrated
in Table 1A by results from four surveys carried
out in the United States (1–4). Standard errors
corresponding to Table 1A show no difference be-
tween the last two columns. The DMFS means are
grouped for ages 5–11 years and 12–17 years. The
reduction in decay since the early 1970s is clear.
Further, the percentage caries-free children rose
during the same period (Table 1A). The 1986–87 re-
sult that over 50% of children (over 5–17 years of
age) in the United States were caries free was wide-
ly publicized to indicate the caries problem was
essentially solved. This statement is unfortunately
far from reality. Although approximately 50% were
caries free on average for the overall age range (5–
17 years), it can readily be seen that approximately
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70% of the 12–17-year-olds still had caries. This
continues to be borne out by the latest NHANES
III survey (1). Further, when the latest available
data (1) are examined by individual ages, 51% of
12-year-olds were caries free but only 21% of the
17-year-old group were in this category. Approxi-
mately 25% of children and adolescents in the 5–17
age range accounted for 80% of the caries experi-
enced in the permanent teeth. By age 17, however,
40% of the population accounted for 80% of the
caries. Approximately 10% of the 5–17-year age
range had 5–9 DMFT (decayed, missing or filled
permanent teeth). Recent smaller epidemiologic
studies indicate, however, that the decline in caries
has not continued during the 1990s and that it may
have leveled out (5). These data clearly show that
caries continues to be a major problem, that it in-
creases markedly in the teenage years and that we
need an improved approach to prevention and
therapy.

Dental caries in adults also continues to be a



Featherstone

Table 1A. Mean DMFS and percentage of children caries free (permanent teeth) in four national surveys in the USA (1–4)

Age range NCHS NIDR NIDR NHANES III
(years) 1971–74 1979-80 1986–87 1988–91

5–11 years Mean DMFS 3.0 2.0 1.2 0.9
5–11 years % caries free 44 58 70 74
12–17 years Mean DMFS 10.4 6.8 4.7 4.4
12–17 years % caries free 10 17 27 33

Table 1B. Mean DFS (decayed and filled surfaces), mean DMFS (decayed, missing and filled surfaces) in dentate US adults,
1988–91 (6), and mean number of permanent teeth for dentate adults (75)

Age range (years) 18–24 25–34 35–44 45–54 55–64 65–74 75π

Mean DFS 9.9 16.5 23.3 29.4 29.2 30.8 25.1
Mean DMFS 11.5 23.6 39.5 57.7 69.5 73.1 80.9
Mean . teeth 27.1 26.0 24.3 21.8 19.3 18.9 16.0

major problem as illustrated by a recent survey in
the United States (6). The recently published
NHANES III study (6) included the US adult oral
health status over all age ranges. Table 1B shows
the trend for marked increase in caries experience
with age. The 18–24-, and to a lesser extent 25–34-,
year age groups had the benefit of caries-reducing
influences such as fluoride toothpaste during their
teenage years (Table 1A), but they still demon-
strated substantial levels of decay. Further, 93.8%
of dentate adults (all ages, 18–74π) had evidence
of treated or untreated coronal caries. Caries obvi-
ously continues to be a major problem in the adult
population.

The reasons for the reported reductions in decay
during the last 20 years illustrated in Table 1A are
difficult to determine precisely, but there is good
evidence that the almost universal use of fluoride
products such as dentifrice (toothpaste), fluoride
mouthrinses, and fluoride topicals in the dental of-
fice has been a major contributor (7, 8). Earlier re-
ductions in dental caries of 40%–70% had resulted
from the fluoridation of public water supplies in
many communities (9–12).

Until recently the major caries-inhibitory effect of
fluoride was thought to be due to its incorporation
in tooth mineral during the development of the
tooth prior to eruption. This supposed mechanism
of action was behind public health efforts and indi-
vidual caries-preventive regimens such as the use
of fluoride supplements prescribed for children to
‘‘strengthen’’ the teeth during their development.
There is now overwhelming evidence that the pri-
mary caries-preventive mechanisms of action of
fluoride are post eruptive through ‘‘topical’’ effects
for both children and adults, including (a) inhibi-
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tion of demineralization, (b) enhancement of re-
mineralization, and (c) inhibition of bacterial activi-
ty in the plaque (13–19). The purpose of the present
paper is to review the mechanisms of action of
fluoride with specific reference to the effect of low
levels of fluoride in the fluids in the mouth and to
relate this information to the use or misuse of the
so-called ‘‘fluoride supplements’’.

The caries process

The basic process of dental decay is simple in con-
cept, as first described over 100 years ago. The
teeth are covered by bacteria which constitute the
dental plaque (20, 21). Certain of the bacteria in
dental plaque, such as the mutans streptococci
(which includes Streptococcus mutans and S. sobri-
nus) and lactobacilli are acidogenic. That is, they
produce acids when they metabolize fermentable
carbohydrates (12, 20, 21). These acids, such as lac-
tic, acetic, propionic and formic acid, can dissolve
the calcium phosphate mineral of the tooth enamel
or dentin (22–34). If this process is not halted or
reversed, the carious lesion progresses, eventually
leading to a cavity. Any fermentable carbohydrate
such as glucose, sucrose, fructose, or cooked starch,
can be metabolized by these bacteria with the evo-
lution of organic acids (e.g., acetic, lactic, propion-
ic) as by-products (25). The acids diffuse through
the plaque and into the porous enamel (or dentin
if exposed), dissociating to produce hydrogen ions
as they travel (23, 26). The hydrogen ions readily
dissolve the mineral, freeing calcium and phos-
phate into solution, which can diffuse out of the
tooth. This is demineralization, or loss of mineral
as illustrated in Fig. 1.
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Fig 1. Schematic representation of acid production by plaque
bacteria, followed by demineralization of tooth mineral.

Dental caries of the enamel is first observed clini-
cally as a so-called ‘‘white spot lesion’’. This is a
small area of sub-surface demineralization, beneath
the dental plaque. The lesion appears white because
the loss of mineral changes the refractive index com-
pared with that of the surrounding translucent
enamel. The body of the sub-surface lesion may
have lost as much as 50% of its original mineral and
often has an ‘‘apparently intact surface layer’’ over
it (27). The surface layer forms by remineralization
(redeposition of mineral) as the calcium and phos-
phate ions diffuse or travel out of the tooth into the
overlying plaque fluid (the fluid between the bacte-
ria in the plaque). The process of demineralization
continues each time carbohydrate is taken into the
mouth and metabolized by the bacteria. The saliva
(see below) plays numerous roles including buf-
fering (neutralizing) the acid and providing miner-
als that can replace those dissolved from the tooth
during a demineralization challenge. This replace-
ment of mineral is called remineralization as de-
scribed further below (17, 18, 22).

The nature of tooth mineral

The enamel and dentin of a tooth are composed
of millions of tiny mineral crystals embedded in a
protein/lipid matrix. This combination of inor-
ganic and organic components provides two com-
plementary hard tissues with sufficient hardness
and strength to perform the normal functions of
teeth. Hydroxyapatite does not occur during the
formation of tooth mineral. Instead, the mineral of

Table 2. Approximate composition of enamel and dentin by % weight and by % volume

Enamel Dentin
Tissue
component % by weight % by volume % by weight % by volume

MineralΩcarbonated hydroxyapatite 96 85 70 47
Protein/lipid 1 3 20 33
Water 3 12 10 20
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enamel, dentin and bone is best described as a
highly substituted carbonated apatite (28–30).
The mineral is related to hydroxyapatite
{Ca10(PO4)6(OH)2}, but is much more soluble in
acid, is calcium deficient (calcium replaced by sodi-
um, magnesium, zinc, etc.) and contains between
3% and 6% carbonate by weight, mostly replacing
phosphate ions in the crystal lattice (28–35) (Table
2). Enamel, dentin and bone mineral can be ap-
proximately represented by the simplified formula:

{Ca10-x(Na)x(PO4)6-y(CO3)z(OH)2-u(F)u}

The substitutions in the hydroxyapatite crystal lat-
tice (the arrangement of atoms and ions in the crys-
tal) occur as the mineral is first laid down during
tooth development, with the carbonate {CO3} ion
in particular causing major disturbances in the reg-
ular array of ions in the crystal lattice (36, 37). Dur-
ing demineralization the carbonate is preferentially
lost and during remineralization it is excluded. The
calcium-deficient and carbonate-rich regions of the
crystal are especially susceptible to attack by the
acid hydrogen ions during demineralization as has
been shown by several investigators. High resolu-
tion lattice imaging, which images crystals almost
to atomic resolution (viewed at about
2 000 000¿magnification), was used to illustrate
the appearance of hexagonal holes in the early
stages of enamel crystal dissolution in dental car-
ies, which coincided with the calcium-deficient and
carbonate-substituted regions of the crystal (36–39).

If the OHª ion in pure hydroxyapatite is com-
pletely replaced by a fluoride ion (Fª) the resulting
mineral is fluorapatite {Ca10(PO4)6F2} which is very
resistant to dissolution by acid. The solubility dif-
ferential is shown schematically in Fig. 2.

In summary, dental mineral is readily dissolved
by acid unless it can be protected in some way as
described below. Remineralized enamel mineral
has a composition more resembling a blend of hy-
droxyapatite and fluorapatite and is therefore
much less soluble than the original mineral.

The crystals of enamel are about 40 nm in dia-
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Fig. 2. Schematic representation of the acid solubility ranking
of dentally relevant minerals (18).

meter (about 1/1000 of a hair’s breadth), are ap-
proximately perpendicular to the tooth surface,
and are clustered into enamel rods about 4–5 mm
in diameter (40). The tiny gaps or pores between
the crystals are filled with protein, lipid and water,
and allow the passage of small molecules such as
lactic acid and ions such as hydrogen and calcium.
Mature enamel contains about 1% protein and lipid
by weight (3% by volume), and about 12% by vol-
ume of water, providing about 15% by volume of
diffusible space. Enamel and dentin are best
thought of in terms of volume percentage of each
component (Table 2) rather than weight percen-
tage, in order to give a much clearer picture of the
volume fraction (water and proteins) of the tissue
available for diffusion of ions and molecules in and
out of the tooth. As demineralization progresses
the mineral is removed, making the carious enamel
more and more porous (27).

Fluoride mechanisms of action

Fluoride inhibits demineralization when
present in solution
Sub-surface sound enamel generally contains fluo-
ride at levels of about 20–100 ppm depending on
the fluoride ingestion during tooth development
(41). Teeth which develop in a fluoridated drinking
water area have a fluoride content toward the
higher end of this range. The outer few microme-
ters of enamel can have F levels of 1000–2000 ppm
(41). Several investigators have shown that fluoride
in the solution surrounding the carbonated apatite
crystals is much more effective at inhibiting demin-
eralization than fluoride incorporated into the crys-
tals at the levels found in enamel (18, 42).
Featherstone and co-workers (14, 18, 42, 43) found
no measurable reduction in synthetic carbonated
apatite (3% CO3 by weight, comparable to dental
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enamel mineral) solubility with about 1000 ppm F
incorporated. Very importantly, this means that
fluoride incorporated during tooth mineral devel-
opment at normal levels of 20–100 ppm (even in
fluoridated drinking water areas or with the use of
fluoride supplements) does not alter the solubility
of the mineral. Even at higher levels such as 1000
ppm in the outer few micrometers of enamel there
is no measurable benefit against acid induced dis-
solution. Only when fluoride is concentrated into
a new crystal surface during remineralization (see
below) is there sufficient to alter solubility benefi-
cially. However, in laboratory experiments as little
as 1 ppm in the acid solution reduced the dissolu-
tion rate of carbonated apatite to that equivalent to
hydroxyapatite (14). Further increases in fluoride
in the acid solution in contact with the carbonated
apatite mineral surface decreased the solubility rate
logarithmically. These results indicate that if fluo-
ride is present in the solution surrounding the crys-
tals it is adsorbed strongly to the surface of carbon-
ated apatite (enamel mineral) crystals acting as a
potent protection mechanism against acid dissolu-
tion of the crystal surface. So, if fluoride is present
in the plaque fluid at the time that the bacteria gen-
erate acid it will travel with the acid down into the
sub-surface of the tooth, adsorb to the crystal sur-
face and protect it against being dissolved.

Fluoride present in solution at low levels
amongst the enamel crystals can markedly inhibit
dissolution of tooth mineral by acid (14, 18). This
fluoride comes from ‘‘topical’’ sources such as
drinking water, and fluoride products, as described
below. The fluoride incorporated developmentally
into the normal tooth mineral is insufficient to have
a measurable effect on acid solubility (18, 44).

Fluoride enhances remineralization
As the saliva flows over the plaque its buffering
components (bicarbonate, phosphate and peptides)
neutralize the acid produced by the bacteria and
the pH rises back towards neutral (Fig. 3), at least
when there is normal salivary function. This slows
down and stops the sub-surface dissolution of the
mineral.

Further, the saliva is ‘‘supersaturated’’ with
calcium and phosphate providing a driving force
for mineral to go back into the tooth (18, 45). If
the chemistry is right at the partially demineralized
crystal surface within the lesion then a new surface
grows on the crystal. The partially dissolved crys-
tals act as ‘‘nucleators’’ for remineralization. Fluo-
ride acts to speed up this remineralization process
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Fig. 3. Typical pH curve in dental plaque (normal) following
the ingestion of fermentable carbohydrate, characterized by
a fall in pH due to generation of plaque acids and return to
neutral due to buffering by salivary components. Typical
pH-time curves for a xerostomic subject and a normal subject
with a sugar-free test are shown for comparison.

Fig. 4. Schematic representation of the demineralization and
remineralization processes which lead to remineralized crys-
tals with surfaces rich in fluoride and of low solubility.

by adsorbing to the surface and attracting calcium
ions. The newly formed veneer will preferentially
take up fluoride from the solution surrounding the
crystals and exclude carbonate (18). Consequently
this ‘‘veneer’’ will have a composition somewhere
between hydroxyapatite and fluorapatite as il-
lustrated previously (Fig. 2). Fluorapatite contains
approximately 30 000 ppm F. The new surface will
be ‘‘fluorapatite-like’’ in its properties so that the
crystal will now behave like low solubility fluor-
apatite rather than the high solubility carbonated
apatite of the original crystal surface (14). Fluoride
speeds up this process, acting to bring calcium and
phosphate ions together, and is preferentially in-
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cluded in the chemical reaction that takes place,
producing a lower solubility end-product. This
process is shown schematically in Fig. 4.

In summary, with respect to remineralization,
fluoride present in solution from topical sources
therefore enhances remineralization by speeding
up the growth of a new surface on the partially
demineralized sub-surface crystals in the carious
lesion. The new crystal surface veneer is fluorapa-
tite-like with much lower solubility than the origi-
nal carbonated apatite tooth mineral. Subsequent
acid challenges must be very strong and prolonged
to dissolve the remineralized enamel.

The overall process of demineralization and re-
mineralization can be represented by the solubility
diagram in Fig. 5. Each of the curved lines repre-
sents the position vs pH where enamel mineral
(most soluble), hydroxyapatite (HAP) and fluor-
apatite (FAP) will dissolve as the pH falls (14, 18).
The vertical axis represents the amount of com-
bined calcium and phosphate that can be in solu-
tion as derived from published solubility products.
Since this is a negative logarithm then more
calcium and phosphate dissolve as the position
moves up the graph. Any set of conditions above
each line is supersaturated and may precipitate
down to a less soluble mineral form. Anywhere be-
low each line is undersaturated and in this case
mineral must dissolve.

Fig. 5. Solubility isotherms (TCa and TP are total calcium and
phosphate concentrations in solution, respectively) for
enamel (dotted line), hydroxyapatite (solid lineΩHAP) and
fluorapatite (dashed lineΩFAP) illustrating the log depen-
dent ranking of solubility. The arrows trace initial demineral-
ization starting from the surface of a sound enamel crystal
as the pH falls during a caries challenge, and the subsequent
remineralization as the pH rises. In the presence of low levels
of fluoride (e.g., 0.1 ppm F in this example) a remineralized
veneer of fluorapatite-like mineral forms on the original crys-
tal remnants (as illustrated in Fig. 4).
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Fluoride inhibits plaque bacteria
Several workers have investigated the possible ef-
fects of fluoride on oral bacteria (19, 46, 47). Per-
haps the most significant findings in several labo-
ratories are that fluoride cannot cross the cell wall
and membrane in its ionized form (Fª), but can
rapidly travel through the cell wall and into the
cariogenic bacteria in the form of HF (19, 46, 47).
HF forms from Hπ and Fª ions as the bacteria pro-
duce acids during the metabolism of fermentable
carbohydrates. So, as the bacteria produce acid the
pH falls (Fig. 3). A portion of the fluoride present
in the plaque fluid then combines with hydrogen
ions and rapidly diffuses into the cell, effectively
drawing more HF from the outside and so on (Fig.
6). Once inside the cell the HF dissociates again,
acidifying the cell and releasing fluoride ions
which interfere with enzyme (enolase) activity in
the bacterium. Under these circumstances fluoride
is trapped in the cell and the process becomes cu-
mulative.

In summary, fluoride from topical sources is
taken up by the bacteria when they produce acid,
thereby inhibiting essential enzyme activity. This is
the third ‘‘topical’’ mechanism of action of fluoride
against the progression of dental caries.

The role of low levels of fluoride in
saliva and plaque fluid

Over 20 years ago Brown and co-workers predicted
that low concentrations of fluoride would enhance
remineralization (48). Laboratory studies using a
pH-cycling model that simulates the demineraliza-
tion and remineralization aspects of the caries pro-

Fig. 6. Schematic representation of fluoride entering a bacteri-
al cell in the form of HF at lower pH values, dissociating,
and thereby providing Hπ and Fª ions inside the cell.
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cess showed that when levels of 0.03 ppm fluoride
or higher were incorporated in the mineralizing so-
lution (artificial saliva in the model) remineraliza-
tion was enhanced (14, 49). This laboratory model
was developed to mimic caries progression around
orthodontic brackets in vivo (49, 50). As the fluoride
concentration increased remineralization increased
with an optimum being achieved at about 0.08
ppm or above in the calcium phosphate mineraliz-
ing solution. Further, the relationship between the
logarithm of the fluoride concentration in the min-
eralizing solutions and the degree of protection af-
forded against caries-like attack was linear. The
clinical implication of this finding is that small in-
creases in the background level of fluoride in saliva
and plaque fluid could provide important caries
protection via enhancement of remineralization.

Studies have shown that when fluoride products
including dentifrice, rinse and gels are used they
cause an initial high concentration of fluoride in
the saliva and that this falls off with time as the
fluoride is cleared from the mouth (51, 52). Very
importantly, fluoride can be retained at concentra-
tions in the saliva between 0.03 and 0.1 ppm for 2–
6 hours depending on the product and the individ-
ual subject (51, 52). In the case of xerostomic sub-
jects, because of very low saliva flow, elevated
levels of fluoride are maintained in the mouth for
many hours (53). Studies by Zero and co-workers
showed that a 0.05% sodium fluoride mouthrinse
(225 ppm F) used for 1 min could give elevated
fluoride levels in saliva for 2–4 hours and in plaque
for much longer times (52). O’Reilly & Featherstone
showed that demineralization around orthodontic
brackets in vivo could be completely eliminated by
the combination of a fluoride-containing dentifrice
and a 0.05% NaF rinse daily (50), and Meyerowitz
and co-workers found the 0.05% NaF rinse very ef-
fective in xerostomic subjects (54).

Earlier studies prior to the universal use of fluo-
ride dentifrice reported differences in salivary
fluoride concentrations between fluoridated and
non-fluoridated communities with values in the
range of 0.005–0.01 ppm F. Recent clinical studies
(conducted in the late 1980s) which investigated
possible caries risk factors in 7–12-year-old chil-
dren in the United States (55, 56) reported mean
baseline fluoride concentrations in saliva of 0.02–
0.04 ppm in both fluoridated and non-fluoridated
drinking water areas with the fluoride concentra-
tion being related to caries status rather than drink-
ing water concentration (56). Subsequent similar
studies in the 1990s again reported no differences



Fluoride and dental caries

between mean salivary fluoride levels in 7–12-year-
old children living in fluoridated and non-fluori-
dated communities, with means about 0.05 ppm F
in each (57, 58). In the same study, in which the
caries status of the subjects was assessed every 6
months, it was reported that after 2 and 4 years, in
this longitudinal caries risk assessment study ‘‘chil-
dren with high individual salivary fluoride (Ø
0.075 ppm) were more frequently caries free
(P∞0.02)’’ (57, 58).

The caries balance

Caries progression vs reversal is a delicate balance
between the factors described above, namely a bac-
terially generated acid challenge and a combina-
tion of demineralization inhibition and reversal by
remineralization (59). The balance between patho-
logical factors (bacteria and carbohydrates) and
protective factors (saliva, calcium, phosphate,
fluoride) is a delicate one which is tipped either
way several times daily in most people.

Microbiological components
The importance of mutans streptococci (MS)
(which includes S. mutans and S. sobrinus) in the
development of dental caries has been reviewed
extensively (12, 20, 21, 60, 61). Numerous cross-sec-
tional studies in humans have shown that there is
a strong trend for greater numbers of MS and lacto-
bacilli (LB) in saliva or plaque to be associated with
a high level of caries (20, 56, 60, 62–64). Longitudi-
nal studies have shown that an increase over time
in numbers of MS and LB is associated with the
caries onset and progression (55, 65, 66).

Chemical components
As described above the large decline in caries
prevalence in the United States and other western
countries over the past 20 years has been attributed
in part to the widespread use of fluoride products
and fluoride-containing dentifrices in particular (7,
8, 44). Further, there is considerable evidence that
the cariostatic effects of fluoride are, in part, related
to the sustained presence of low concentrations of
ionic fluoride in the oral environment (18, 44).
There is also abundant evidence that low concen-
trations of fluoride decrease the rate of enamel de-
mineralization and enhance the rate of remineral-
ization (14, 18, 44, 67–70). Remineralization of early
lesions also requires calcium and phosphate, which
are primarily derived from saliva and plaque fluid.
Several laboratory studies have indicated that the
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driving force for remineralization is the degree of
supersaturation of the mineralizing fluid (saliva in
the mouth) with respect to fluorapatite, hydroxy-
apatite, or both (14, 17, 18, 67, 71, 72), and that this
is related to the fluoride concentration in the oral
fluids.

Caries is best depicted as an ever-changing bal-
ance between pathological and protective factors
(18, 22, 59), as illustrated in Fig. 7.

Clinical implications – fluoride
delivery systems

Fluoride therefore must be considered as one of
several protective factors (59). Obviously it is a key
one and small adjustments can tip the caries bal-
ance illustrated in Fig. 7 one way or the other, lead-
ing to caries arrestment, reversal, or progression.
The frequent delivery of fluoride to the surfaces of
the teeth is a very important factor as described in
detail above. The topical effects of fluoride are
over-riding, and the systemic incorporation of
fluoride in the tooth mineral is unfortunately not
of major benefit (18, 44). This means that we must
use this information to deal more effectively with
caries in both adults and children. It is well estab-
lished that fluoride in drinking water reduces den-
tal caries, but does not eradicate it. Fluoride in the
drinking water provides fluoride at levels in the
mouth which can inhibit demineralization and en-
hance remineralization, and tip the caries balance
towards protection, provided the challenge is not
too great (Fig. 7). Again, as described above, the
concentration of fluoride in dental enamel and den-
tin provided by fluoridation of drinking water or
by natural fluoride levels at about 1 ppm is insuf-
ficient to provide protection against caries. The
mechanism of action of fluoride in the drinking
water is therefore as a topical delivery system. The
role of systemically incorporated fluoride is of very
limited value.

Fluoride-containing products such as dentifrice,

Fig. 7. Schematic diagram of the balance between protective
and pathological factors in caries.
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mouthrinse and topically applied gels provide car-
ies-preventive benefits via the topical mechanisms
described above. The effects are all via the mecha-
nisms of inhibition of demineralization, enhance-
ment of remineralization and action on the bacte-
ria. In the case of high bacterial challenge and/or
xerostomia or salivary dysfunction, then even high
levels of fluoride therapy may be insufficient to
balance the effect of the pathological factors, and
caries progresses. In each individual person there
will be some level of challenge beyond which
fluoride is insufficient to swing the balance. Fluo-
ride products used frequently can maintain sali-
vary fluoride levels in excess of 0.03 ppm, thereby
providing marked caries protection. The biggest
problem with the home-use products of course is
the need for patient compliance on a daily basis.

Fluoride ‘‘supplements’’ and caries
prevention

For all the reasons described above the so-called
fluoride supplements (tablets, lozenges and drops)
should not be thought of as providing a dietary
supplement that will automatically protect against
caries by providing added benefit but rather as a
supplement to ‘‘inadequate water content of fluo-
ride’’. This is not the case. To be effective against
caries fluoride ‘‘supplements’’ should be thought
of as a means to supplement the topical mecha-
nisms of fluoride action and not the (minimal) sys-
temic action of fluoride. This was illustrated very
clearly by Stephen and co-workers (73) who pro-
vided fluoride tablets to children in Scotland to ei-
ther swallow or hold in the mouth (sucking or
chewing). The groups that dissolved the fluoride in
the mouth and thereby ‘‘applied’’ fluoride topically
had dramatic caries reductions (approximately
80%) in comparison to the tablet swallowers. If
used, then fluoride supplements should be pre-
scribed with instructions to chew or suck in order
to provide a caries-protective benefit.

It has been suggested that when fluoride tablets
are swallowed, the fluoride returned via the plas-
ma to the saliva may be sufficient to provide a
‘‘topical’’ benefit. Examination of work by Ekstrand
and co-workers (74) shows that after ingestion of a
fluoride tablet only a transient elevation of fluoride
in the plasma occurs and that the levels which ap-
pear in saliva as a result of a once a day fluoride
tablet ingestion are unlikely to have much, if any,
topical benefit. This further illustrates the need to
use fluoride supplements directly as a fluoride
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topical delivery mechanism if they are to be effec-
tive.

Summary and conclusions

(1) The anti-caries effects of fluoride are primarily
topical for children and for adults.

(2) The mechanisms of action of fluoride are (i)
inhibition of demineralization at the crystal sur-
faces, (ii) enhancement of remineralization at the
crystal surfaces, and (iii) inhibition of bacterial ac-
tivity.

(3) The systemic benefits of fluoride are minimal.
(4) Therapeutic levels of fluoride can be achieved

from drinking water and topically applied fluoride
products.

(5) If used, fluoride ‘‘supplements’’ should be
employed as a ‘‘topical’’ delivery system by chew-
ing or sucking tablets or lozenges for the maximum
possible time before swallowing.
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