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This article discusses the possible cariostatic mechanisms of the action 
of fluoride. In the past, fluoride inhibition of caries was ascribed to 
re duced solubility of enamel due to incorporation of fluoride (F–) into 
the enamel minerals. The present evidence from clinical and labora-
tory studies suggests that the caries-preventive mode of action of fluo-
ride is mainly topical. There is convincing evidence that fluoride has a 
major effect on demineralisation and remineralisation of dental hard 
tis sue. The source of this fluoride could ei ther be fluorapatite (formed 
due to the incorporation of fluoride into enamel) or calcium fluoride 
(CaF2)-like precipitates, which are formed on the enamel and in the 
plaque after application of topical fluoride. Calcium fluoride deposits 
are protected from rapid dissolution by a phosphate –protein coating 
of salivary origin. At lower pH, the coating is lost and an increased dis-
solution rate of calcium fluoride occurs. The CaF2, therefore, act as an 
efficient source of free fluoride ions during the cariogenic challenge. 
The current evidence indicates that fluoride has a direct and indirect 
effect on bacterial cells, although the in vivo implications of this are 
still not clear. Conclusion. A better understanding of the mechanisms 
of the action of fluoride is very important for caries prevention and 
control. The effectiveness of fluoride as a cariostatic agent depends on 
the availability of free fluoride in plaque during cariogenic challenge, 
i.e. during acid production. Thus, a constant supply of low levels of 
fluoride in biofilm/saliva/dental interference is considered the most 
beneficial in preventing dental caries.
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Introduction
The use of fluoride in dentistry is one of the 
most successful preventive health measures 
in the history of dental care. However, the 
mechanism of fluoride action is still not 
clearly understood. The cariostatic effect of 
fluoride was first discovered in relation to 
the natural fluoride content of drinking wa-
ter. Later, supplementation of public water 
supplies with controlled levels of fluoride 
was the first approach, involving the use of 

fluoride for caries control. In the middle of 
the previous century, it was generally be-
lieved that fluoride had to be incorporated 
into dental enamel during development. 
This would lead to the formation of enamel 
with reduced solubility. This is usually re-
ferred to as the systemic cariostatic effect 
of fluoride (1). Many clinical trials were de-
signed to prove the systemic mode of action 
(2-4). Additionally, laboratory analyses re-
vealed that fluoride concentration in surface 
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enamel was higher in teeth that developed 
under the influence of water fluoridation (5). 
A hypothesis evolved which suggested that 
fluoride helped to make the enamel crystal 
“more perfect“, and therefore less acid sol-
uble. Le Geros et al. (6) performed a physi-
cochemical investigation of enamel from 
deciduous teeth. They found that enamel 
from children who had been subjected to 
prenatal fluoridation exhibited more homo-
geneous and less extensive patterns of acid-
etching, denser crystal populations in intra-
prismatic regions, larger prism dimensions, 
greater total mineral density, a higher degree 
of crystallinity, smaller a-axis dimensions, 
more fluoride and less carbonate contents. 
However, in vitro studies revealed that the 
reduction in enamel solubility by pre-erup-
tive incorporation of fluoride is minor and 
therefore it is unlikely that the fluoride in-
corporated into enamel plays an important 
role in the observed caries reduction (7, 8). 
Also, in some studies no significant corre-
lation could be established between dental 
caries experience and enamel fluoride con-
centration (9, 10).

The topical effect of fluoride was demon-
strated by Bibby et al. (11), who compared 
the caries-preventing efficacy of fluoride 
lozenges, intended to be sucked, with coated 
fluoride pills intended to be swallowed in a 
group of 5 to 14-year-old children. In the 
group using lozenges fewer carious lesions 
developed compared to the group using 
pills. They concluded that the caries reduc-
tion was the result of fluoride acting on the 
external surface of the teeth, because the loz-
enges were in contact with teeth much more 
than pills which were swallowed. This study 
provided clear evidence that the mechanism 
of the action of fluoride is mostly post-erup-
tive. Later, topical fluoride agents were in-
troduced to provide fluoride to individuals 
in non-fluoridated areas. In a large number 
of studies, topical fluorides have been shown 
to be effective in caries prevention (12). In 

the 1980s, the concept was established that 
fluoride controls caries lesion development, 
primarily through its topical effect on de- 
and remineralisation processes taking place 
at the interface between the tooth surface 
and the oral fluids (13, 14). This concept was 
established after very elegant in situ studies 
described by Øgaard et al. (15). They placed 
human and shark enamel (composed almost 
of pure fluorapatite) in a removable appli-
ance and covered them with orthodontic 
bands to allow plaque accumulation. Mi-
croradiographic analyses revealed that cari-
ous lesions were formed in both substrates. 
However, fluoride supplementation, in the 
form of mouth rinses, inhibited lesion devel-
opment. This observation has indicated that 
structurally bound fluoride is not very ef-
fective in inhibiting demineralisation, while 
fluoride in solution (NaF solution) leads to 
a high degree of protection. Furthermore, 
a randomized, double blind, longitudinal 
study, testing the caries - preventing efficacy 
of prenatal fluoride supplementation in chil-
dren up to age 5, failed to support the hy-
pothesis that prenatal fluoride has a strong 
caries preventive effect (16). When fluoride 
was first introduced in caries prevention, 
water fluoridation was followed by a decline 
in caries, while interruptions in fluoridation 
were followed by increasing caries levels. 
However, the latest decades have shown a 
significant caries decrease despite the fact 
that there was poor water fluoridation (17, 
18). The authors proposed that one of the 
reasons might be the availability of other 
fluoride-containing products, e.g. fluoride 
dentifrices.

The results of more recent epidemiologi-
cal and laboratory studies can be summa-
rized by stating that post-eruptive (topical) 
application of fluoride plays the dominant 
role in caries prevention (1). However, this 
concept does not invalidate the “systemic” 
methods of fluoridation. The recent studies 
have shown a beneficial pre-eruptive effect 
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of water fluoride on caries control. The use 
of fluoridated water until eruption only has 
a greater effect than the use only between 
eruption and age 15 in all categories of sur-
faces on the first molar, especially in pit and 
fissure surfaces (19, 20). 

The present article discusses the current 
concept of the mechanisms of the fluoride 
cariostatic effect, an understanding of which 
is necessary for promotion of caries control.

The composition of enamel and dentine

The dental hard tissue consists of inorganic 
and organic materials in different quantities. 
Highly calcified enamel has approxi mately 
85% mineral by volume, or ganic material 
3% and 12% water by volume (1). Histologi-
cally, enamel is composed of so called prisms 
or rods, each being composed of clusters of 
small crystallites. The spaces between the 
prisms and the crystallites are filled with wa-
ter and organic material (protein and lipids), 
and form the diffusion pathways for acids, 
mineral components, and fluoride ions (21). 
The solid phase of enamel consists mainly of 
crys tallized calcium phosphate, which per-
sists in different forms (mainly as hydroxy-
apatite and some less stable forms such as 
dicalcium phosphate dihydrate (DCPD), 
brushite or octacalcium phosphate (OCP). 
The mineral component of human dental 
enamel is basi cally a calcium-deficit car-
bonate hydroxyapatite. Carbonated calcium 
hydroxyapatite is more soluble than cal-
cium hydroxy apatite, particularly in acidic 
media (14, 22, 23). The pure hydroxyapatite 
[Ca10(PO4)6(OH)2] allows the incorporation 
of many ions that fit into the crystallite struc-
ture and aff ect its solubility. The substitution 
in the hydroxyapatite crystal occurs during 
de velopment with carbonate, magnesium, 
fluoride, etc. Fluoride improves the qual ity 
of mineralized tooth tissues in general, by 
reducing the relative amounts of car bonated 
apatite. The reaction between hydroxyapa-

tite and low concentrations of fluoride has 
been postulated to be an ionic exchange, 
in which fluoride replaces and assumes the 
positions of the hydroxyl ions in the crys-
tal lattice structure. The replacement of hy-
droxyl groups with the smaller fluoride ions 
should result in a more stable apatitic struc-
ture. If the OH- ion in the pure hydroxy-
apatite is completely replaced by a fluoride 
ion (F-) the result ing mineral is fluorapatite 
[Ca10(PO4)6F2]. However, pure fluor apatite 
can practically never be found. Only 10% of 
the hydroxyl groups can be substituted by 
fluoride in the surface enamel (24). 

The main mineral phase of permanent 
dentin is also hydroxyapatite. Dentine con-
tains (by volume) 47% apatite, 33% organic 
components and 20% water. The crystal-
lites have much smaller dimensions than 
those found in enamel, which makes den-
tine more susceptible to caries attack than 
enamel. Smaller crystallites dissolve faster 
when placed in an under-saturated solution. 
The organic matrix is mainly composed of 
collagen. It forms the backbone of dentine 
and serves as a template for the deposition 
of apatite crystallites within the collagen he-
lix. Dental caries is a biochemical process 
characterized initially by the dissolution of 
the mineral, which in turn exposes the or-
ganic matrix to breakdown by bacterial-de-
rived enzymes, as well as by the host derived 
enzymes (e.g. metalloproteinase) present in 
dentine and saliva (1, 25).

Caries development

Over 100 years ago, dental caries was de-
scribed as localized, progressive destruction 
of the tooth initiated by acid dissolution of 
the outer tooth surface. In the presence of 
fermentable carbohy drates, organic acids 
are produced by pla que microorganisms, 
which colonize the tooth surface. The ac-
ids (i.e. lactic, pyruvic, acetic, propionic, 
butyric) can dissolve the calcium phos phate 
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mineral of the enamel or dentine (demin-
eralisation) (26). This concept evolved as 
the foundation for our current knowledge 
of caries aetiology. Dental caries is the net 
result of consecutive cycles of de- and rem-
ineralisation of dental tissues at the interface 
between the biofilm (plaque) and the tooth 
surface, with demineralisation being caused 
by production of acids through oral bacte-
ria after sugar consumption. The acids dif-
fuse through the plaque into the pores of 
the sound enamel surface, releasing hydro-
gen ions, which can dissolve the underly ing 
enamel. The dissolved mineral ions, calcium 
and phosphate will then back-diffuse into 
the surface layer and induce the precipita-
tion of the mineral phases in this region. At 
the same time, some of the dissolved miner-
al ions will diffuse out of the enamel surface 
into the oral environ ment. It is known that 
incipient or small carious lesions (“white 
spot lesions”) in human enamel consist of a 
subsurface area of demineralisation with an 
overly ing, apparently intact, surface zone. It 
is considered that the enamel surface layer is 
a result of reprecipitation of minerals (rem-
ineralisation) dissolved from the subsurface. 
The leaching of calcium and phosphate from 
enamel can cause col lapse of the tooth struc-
ture and the formation of a cavity. Demin-
eralisation and remineralisation can be con-
sidered a dynamic process, characterized by 
the flow of cal cium and phosphate out of 
and back into the enamel (27).

The saliva plays an important role, in-
cluding buffering (neutralizing) the acid 
and providing minerals that replace tho se 
dissolved from the tooth during deminer-
alisation challenge. The enamel surface is in 
constant contact with saliva, which is con-
sidered to be saturated with certain calcium 
phosphate salts, thereby main taining the in-
tegrity of the enamel sur face. It was found 
that, within physiologi cal pH limits, the 
salivary content of calcium and inorganic 
phosphate was sufficient to supersaturate 

the saliva with respect to hydroxyapatite. 
The protective factors, which include sali-
vary calcium, phosphate and proteins, sali-
vary flow, and fluoride in saliva, can balance, 
pre vent or reverse dental caries (26).

When a biofilm covers the enamel sur-
face, it reduces the access of saliva to the 
tooth. The relevant fluid phase in this case is 
the biofilm fluid, which, under resting con-
ditions, is also supersaturated with respect 
to the enamel. This would favour remineral-
isation of previously demineralized enamel 
or promote the formation of supragingival 
calculus (1). However, when the oral fluids 
become unsaturated with respect to the apa-
tites e.g., caused by a pH drop, a change in 
apatite composition may oc cur. In the pH 
range below about 5.5, the oral fluids are 
unsaturated with respect to hydroxyapatite, 
which therefore may dissolve. The low fluo-
ride concentrations prevailing in oral fluids 
under physiologi cal conditions will ensure a 
concurrent supersaturation with respect to 
fluorapatite, theoretically in the pH range 
of about 5.5 - 4.5, so that dissolution of hy-
droxyapatite competes with simultane ous 
fluorapatite or mixed fluorohydroxyapatite 
formation. Consequently, hydroxyapatite 
dissolves from the subsurface and fluorohy-
droxyapatite forms in the surface layers (28).

Inhibition of demineralisation 

The highest fluoride concentrations in 
enamel are found in the surface. They are 
usually around 1,000-2,000 ppm in non-
fluoridated areas and 3,000 in fluoridated 
areas. Sub surface enamel generally contains 
fluo ride at levels of about 20-100 ppm, de-
pending on fluoride ingestion during tooth 
development. These levels are far below 
those able to confer expressive reduction 
on the solubility of hydroxyapatite (26). 
Based on solubility data, the thermody-
namic solubility product constant (Ksp) of 
fluorapatite is only slightly less than that of 
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hydroxyapatite (28). Concentrations of fluo-
ride found in shark enamel are many times 
higher than those typically found in human 
enamel, but even so they were unable to in-
hibit demineralisation completely (15). On 
the other hand, it has been observed that 
low concentrations (up to 1 ppm) of fluo-
ride in a solution can reduce and even in-
hibit enamel demineralisation (24). It was 
shown that inhibition of demineralisation is 
a logarithmic function of the fluoride con-
centration in a solution (14).. These results 
indicated that if fluoride is present in the 
solution surrounding the crystals (enamel 
fluid) it is adsorbed strongly to the surface of 
carbonated apatite crystals acting as a potent 
protection mechanism against acid dissolu-
tion of the crystal surface. When the entire 
crystal surface is covered by adsorbed fluo-
ride (FA), it will not dissolve upon a pH fall 
caused by bacterial-derived acids. Crom-
melin et al. (29) observed that fluorapatite-
coated hydroxyapatite dissolved largely the 
same as fluorapatite, although the hydroxy-
apatite in a hydroxyapatite and fluorapatite 
mixture dissolved the same as hydroxyapa-
tite. Therefore, significant protection could 
be obtained if all crystals along the acid ions 
diffusion pathway are coated with fluorapa-
tite. On the other hand, when the coating of 
FA is partial, the uncoated parts of the crys-
tal will undergo dissolution (30). Ten Cate 
and Duijsters (31) showed that the amount 
of mineral loss during demineralisation is a 
function of both pH and fluo ride concen-
tration. When the fluoride concentration 
in the solution is elevated the fluorapatite 
is correspondingly increased and it appears 
sufficient to prevent a car ies lesion from 
developing. While fluoride adsorbed to the 
crystal surface effectively protects the crys-
tal from dissolution, fluoride present in the 
solution (enamel fluid) is equally impor-
tant, since the higher the concentration of 
fluoride in enamel fluid (FL), the higher the 
probability that it adsorbs and protects crys-

tal (1). Thus, to interfere in the dynamics of 
dental caries formation, fluoride must be 
constantly present in the oral environment. 
Demineralisation of enamel is inhibited by 
concentrations of fluoride in the sub-ppm 
range (21). Frequent low-level applications 
of fluoride are more effective than high-dose 
applications a few times a year, because FL 
and thus FA are maintained high with fre-
quent applications (30). 

Enhancement of remineralisation

The acids produced by the plaque bacteria 
diffuse through the plaque into the enamel 
and dissolve minerals (calcium, phosphate 
and fluoride) wherever there is a susceptible 
site. If minerals diffuse out of the tooth and 
into the oral environment, then deminerali-
sation occurs. If this process is reversed, the 
mineral is reabsorbed into the tooth and the 
damaged crystals are rebuilt, we then have 
remineralisation. The role of fluoride in the 
remineralisation process was found to be 
rather complex. Fluoride acts by inhibiting 
mineral loss at the crystal surface and by en-
hancing this rebuilding or remineralisation 
of calcium and phosphate in a form more re-
sistant to subsequent acid attack (32). Over 
30 years ago Brown et al. (33) predicted that 
low concentrations of fluoride would en-
hance remineralisation. Traces of fluoride in 
a solution during dissolution of hydroxyapa-
tite will make the solution highly supersatu-
rated with respect to fluorohydroxyapatite. 
This will speed up the process of reminerali-
sation. Fluoride will adsorb to the surface of 
partially demineralized crystals and attract 
calcium ions. Koulourides (34) demonstrat-
ed that acid-softened enamel, rehardened 
by fluoridation, ac quired significant sec-
ondary resistance to acid attack, developing 
so-called “acqui red resistance”. The acquired 
fluoride en hances both remineralisation and 
demineralisation resistance. 

Kata Rošin-Grget et al.: Fluoride mechanisms
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Role of fluorapatite and calcium fluoride

There are three principle forms of flu oride 
ion reactivity with apatite:
1) Iso-ionic exchange of F- for OH- in apa-

tite:
 Ca10(PO4)6(OH)2 + 2F- → Ca10(PO4)6F2 + 

2OH-

2) Crystal growth of fluorapatite from su-
persaturated solutions:

 10 Ca2+ + 6PO4
3- + 2F- → Ca10(PO4)6F2

3) Apatite dissolution with CaF2 formation:
 Ca10(PO4)6(OH)2 + 20F- → 10 CaF2 + 

6PO4
3- + 2OH-

The first two reactions may occur dur ing 
long-term exposure to low fluoride levels 
in the solution (such as between 0.01 and 
10 ppm F) from either systemic or latent 
topical sources. These reactions result in 
fluoride incorporation that, in a tradi tional 
sense, would be defined as “firmly” bound 
fluoride, since it is part of the apatitic struc-
ture. This fluoride present in the solid phase 
is also known as fluorohydroxyapatite or 
“systemic“ fluoride. With the increasing flu-
oride concentration, an additional che mical 
reaction with the formation of signifi cant 
amounts of calcium fluoride (CaF2 or “CaF2-
like“ material) begins to dominate. Fluoride 
concentrations rang ing from 100-10,000 
ppm F are required to produce CaF2 as a re-
action product (often called Fon). These con-
centrations are present in topicals, such as 
professional gels and varnishes, or over the 
counter toothpastes and mouth rinses (35). 

As early as in 1945, Gerould (36) repor-
ted that calcium fluoride was a major prod-
uct on enamel when teeth were ex posed to 
high concentrations of fluoride. It is visible 
by scanning with an electron micro scope 
(SEM) as small globules on the sur face of 
fluoridated teeth. The globular precipitates 
on the enamel are more homogeneous when 
the fluoride concentration of the applied 
solution is higher (37). The globular struc-
ture of the calcium fluoride is thought to be 

due to the incorporation of phosphate dur-
ing its for mation on the tooth surface (38), 
since pure calcium fluoride is cubical rather 
than spherical. For a long period the gen-
eral view was that the formation of calcium 
fluoride on enamel is unfavour able, because 
calcium fluoride is soluble in saliva to the 
same extent as in water (39). The oral flu-
ids are unsaturated with re spect to calcium 
fluoride, thus this salt dissolves whenever it 
is exposed to sali va (40). However, several 
studies have shown that calcium fluoride is 
quite insoluble in saliva at neutral pH, and 
that it can persist on the tooth surface for 
weeks and months after topical application 
of fluo ride (41-43).The resistance of calcium 
fluo ride is presumably caused by adsorption 
of secondary phosphate (HPO4

2-) to cal-
cium sites in the surface of calcium fluo ride 
crystals and by pellicle proteins at neutral 
pH. At lower pH, as during a car ies attack, 
primary phosphate will be the dominant 
phosphate ion species (H2PO4

-), which is 
unable to inhibit the dissolution of calcium 
fluoride. Thus, fluoride ions re leased during 
cariogenic challenges are due to the reduced 
concentration of second ary phosphate ions 
at acid pH. The re leased fluoride is subse-
quently built into hydroxyapatite through 
dissolution/reprecipitation reactions. After 
a caries attack, the calcium fluoride globules 
are again stabilized by adsorption of proteins 
and secondary phosphate (44). Calcium 
fluo ride thus constitutes a pH-controlled 
res ervoir of fluoride on the enamel. Calcium 
flu oride is contaminated with phosphate, 
not only on the surface, but also inside the 
crystal. This phosphate-contaminated cal-
cium fluoride is more soluble than pure cal-
cium fluoride, and may thus re lease fluoride 
at a higher rate than pure calcium fluoride 
(38). CaF2 formed at low pH contains less 
internal phosphate, and has been shown 
to be less soluble. This may be of clinical 
significance for fluoride applied topically a 
few times per year (41). The calcium fluo-
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ride formation, its resistance in the oral 
envi ronment and release of fluoride ions at 
low pH, explain the long-term effect of topi-
cally applied fluoride. It is suggested that the 
potential for formation of cal cium fluoride 
should probably be increa sed in topical fluo-
ride agents (45). Increased time of exposure, 
increased concentrati on, lowered pH, saliva 
and calcium pre-treat ment have proved to 
be effective means of increasing calcium flu-
oride deposition on enamel in vitro (46-49).

The antimicrobial action of fluoride

In spite of extensive literature on the antimi-
crobial effects of fluoride on oral microflora, 
today there is very little con sensus that the 
anticaries effect of fluoride is related to inhi-
bition of oral bacteria.

The current evidence indicates that fluo-
ride has a multitude of direct and indirect 
effects on bacterial cells, some of which may 
have a significant influence on the acid –pro-
ducing microorganisms in dental plaque (50). 
Fluoride exerts its effect on oral bacteria by 
direct inhibition of cellular enzymes (directly 
or in combination with metals) or enhancing 
the proton permeability of cell membranes in 
the form of hydrogen fluoride (HF) (51, 52). 

In order to provoke any antimicrobial ef-
fect, fluoride has to enter the bacterial cell. 
Fluoride diffuses into cariogenic bac teria in 
the form of HF (a weak acid, pKa 3.15). At 
lower external pH, more HF is formed and 
more of it diffuses into the cell. Once inside 
the cell, the HF dissoci ates into H+ and F-, 
because of the higher internal pH of cells, 
such as oral strepto cocci, than external. This 
continued diffu sion and dissociation leads 
to the accu mulation of fluoride in the cell 
and the acidification (accumulation of H+) 
of the cytoplasm. The result is a reduction 
in both the proton gradient and the enzyme 
activity. Current information indicates that 
fluoride ions within the cell interfere with 
the glycolitic enzyme (enolase) activ ity and 

proton-extruding adenosine tri phosphatase 
(H +/ATP-ase), which is in volved in the gen-
eration of proton gradients through the ef-
flux of protons from the cell, at the expense 
of ATP (53).Thus, fluoride effectively inhib-
its the car bohydrate metabolism of acido-
genic oral bacteria, including the uptake of 
su gars. In spite of these known effects, there 
is no general agreement that the antimicro-
bial effects of F contribute to the anticaries 
effect of fluoride (53, 54). 

Many investigators tend to dismiss the 
role of fluoride in the metabolic activ ity of 
bacteria, on the grounds that only large con-
centrations are effective, and that there are 
no differences in the Strep tococcus mutans 
populations in persons residing in fluori-
dated and in non-fluoridated areas (55). 
In addition, the wide spread use of tooth-
pastes, which have been responsible for the 
decrease in car ies prevalence over the last 
three deca des, has not resulted in a reduc-
tion in the number of the mutans strepto-
cocci (56). Lynch et al. (57) concluded that 
low levels of plaque and salivary fluoride, 
resulting from the use of 1,500 ppm fluoride 
toothpastes, are insufficient to have a signifi-
cant antimicrobial effect on plaque bacte-
ria. It seems that this effect is dependent on 
factors such as fluoride concentration and 
associated antibacterial components, such 
as fluoride counter ions (amine, stannous), 
preservatives, surfactants or antimicrobi-
als added specifically for that purpose (zinc 
salts, triclosan, essential oil extracts, etc.) 
(58). A single application of professionally 
applied topical fluoride at a high concentra-
tion, although transient, reduces the plaque’s 
ability to produce acid, but has little clinical 
signifi cance in controlling dental caries.

A recent review, however, concluded that 
fluoride concentrations, as found in dental 
plaque, have a biological action on critical 
virulence factors of S. mutans in vitro, such 
as acid production and glucan synthesis, but 
the in vivo implications are still not clear (51). 

Kata Rošin-Grget et al.: Fluoride mechanisms
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Conclusion 

Understanding the mode of action of fluo-
ride has an essential role in the further de-
velopment of products and programmes for 
caries prevention. In the past, the cariostatic 
effect of fluoride was attributed to the incor-
poration of fluoride in the hydroxyapatite 
crystal lattice and the reduced solubility of 
the so-formed fluoridated hydroxyapatite. 
Recent findings have altered this view. The 
current evidence from clinical and laborato-
ry studies suggests that the caries-preventive 
mode of action of fluoride is mainly topical. 
Specifically, fluoride continually present in 
the oral fluids affects the demineralisation 
and remineralisation processes. Fluoride 
present in the solution surrounding the 
crystals (enamel fluid) in a sub-ppm range is 
able to adsorb to the surface of the carbon-
ated apatite crystals, inhibiting deminerali-
sation. However, in the clinical situation, the 
optimum fluoride level to prevent caries de-
velopment is not known. When fluoride ions 
are present during remineralisation, they 
become incorporated in the apatite struc-
ture, forming fluor-hydroxyapatite mixed 
crystals, which are more resistant to future 
acid challenges. The formation of intraoral 
reservoirs capable of supplying ions for a 
prolonged period is crucial for the success 
of topical treatments. Fluo ride, which is re-
tained on the teeth after brief exposure to to-
pical fluoride agents or toothpastes, is retai-
ned as calcium fluo ride. Calcium fluoride is 
most likely the provider of free ions during 
cariogenic challenges. Calcium fluoride glo-
bules are protected from rapid dissolution 
by a phosphate -protein coating of salivary 
origin, which will open at low pH, when, 
incidentally, the fluoride is most needed. 
The fluoride present inside the solid ena-
mel is most likely of lesser importance than 
fluoride in solution. In fact, this fluoride is 
not effective until exposed, due to crystalli-
te dissolution. Upon post-eruption acidic 

challenge, “firmly“ bound fluoride would be 
released to the fluid phase, thus inhibiting 
demineralisation and enhancing reminera-
lisation. Evidence from cohort studies also 
supports fluoride’s systemic mechanism of 
caries inhibition, especially in the pit and 
fissure surfaces of permanent first molars. 
Some of the efficacy of fluoride is attributed 
to the effect on the plaque volume and me-
tabolic aspects of the plaque bacteria, altho-
ugh the in vivo implications of this are still 
not clear.
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