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Fluoride: its role in dentistry§

Abstract: In spite of decades of research on fluoride and the recognition 
of its role as the cornerstone of dental caries reduction in the last fifty 
years, questions still arise on its use at community, self-applied and pro-
fessional application levels. Which method of fluoride delivery should be 
used? How and when should it be used? How can its benefits be maxi-
mized and still reduce the risks associated with its use? These are only 
some of the challenging questions facing us daily. The aim of this paper 
is to present scientific background to understand the importance of each 
method of fluoride use considering the current caries epidemiological 
scenario, and to discuss how individual or combined methods can be 
used based on the best evidence available.

Descriptors: Fluorides, Topical; Dental Caries; Toothpaste; Water.

Understanding dental caries and  
the fluoride effect

Since the 60’s, caries has been understood as a multifactorial disease, 
caused by a complex interplay of bacteria, diet, and the host itself.1 This 
view of the disease was the basis for the proposal of many preventive 
philosophies still in use nowadays, based on the treatment of the disease 
itself, and not of the sequelae of the disease (the cavities). Although the 
concepts brought up by pioneer studies on the multiple factors involved 
in caries disease changed the paradigm of caries and moved Dentistry to 
a higher level of quality in patient care, in order to understand how fluo-
ride could interfere with the caries disease, we must leave the prominent 
“Keyes diagram” behind and move forward to a deeper understanding 
of the biological and social factors involved in the disease.

Using a broader definition to understand the disease,2,3 dental car-
ies can only occur if a necessary factor is present: biofilm accumulation 
on the teeth. But the presence of biofilm is not sufficient for the disease 
to develop; fermentable carbohydrates must also be present so that acid 
can be produced in the restricted environment of the biofilm, inducing 
mineral loss from the underlying tooth structure. The exposure to sugar 
can thus be considered a determinant factor in dental caries disease, es-
pecially if it occurs at a high frequency (e.g. more than 6 times/day4). If 
the sugar is sucrose, bacteria in the biofilm are able to not only produce 
acids, but also synthesize extracellular polysaccharides – sugar polymers 
that enhance the biofilm cariogenicity by changing its diffusion and ad-
herence properties.5,6

Other determinant factors in the development of the disease are sali-
va and fluoride. Both have significant, positive effects on the reduction of 
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mineral loss, by either clearing out the fermentable 
substrates and acids or buffering the latter, in the 
case of saliva, or else enhancing mineral precipita-
tion back on teeth, in the case of fluoride. Fluoride 
can only exert its effect if it is free, soluble in the 
aqueous oral environment (biofilm fluid or saliva).7 
As such, fluoride will physicochemically induce min-
eral precipitation on the tooth structure in the form 
of fluorapatite; this can happen while demineraliza-
tion is occurring within the biofilm milieu (an effect 
called reduction of demineralization), or after acids 
have been cleared from the biofilm or the biofilm 
itself was removed (the so-called enhancement of 
remineralization).8,9 Thus, fluoride deposited on the 
tooth mineral must be regarded as a consequence of 
reduced mineral loss occurring in the presence of flu-
oride, and not the goal of its preventive action. Such 
concepts as “fluoride strengthening teeth”, “increas-
ing the resistance of teeth to acids” and “reducing 
the acid produced by bacteria”, although theoreti-
cally reasonable, are no longer accepted as clinically 
relevant to the reduction of caries associated with 
fluoride use.7,10 In other words, fluoride is not able to 
affect biofilm accumulation (necessary factor) and 
the production of acids from its exposure to sugars 
(determinant factor), but will chemically reduce the 
mineral loss induced by the combination of these 
two factors, through the precipitation of a fluoridat-
ed mineral on teeth. How to maximize this effect, 
by using fluoride from different methods of delivery, 
will be the focus of the next sections in this paper.

Although the factors mentioned so far are suf-
ficient to the understanding of the biological fac-
tors involved in the caries disease, others can be 
discussed. The type of substrate on which the pro-
cess is happening, either enamel or dentine, from 
permanent or deciduous teeth, can also determine 
the clinical outcome. Dentine is more soluble than 
enamel11 due to a higher content of mineral con-
taminants which increase its solubility (e.g. carbon-
ate), and a less organized crystal structure. With 
age, tooth roots can be exposed to the oral cavity 
due to physiological or pathological (i.e. periodontal 
disease) conditions, and root caries can develop in 
patients whose enamel caries were under control. In 
this case, the discussion moves to the strength of the 

fluoride necessary to control root caries (to be dis-
cussed later in this paper). Deciduous enamel also 
has a higher susceptibility to dissolution than per-
manent enamel,12 and the use of fluoride by young 
children can be discussed not only in the view of its 
preventive action, but also with respect to the risk of 
fluorosis development in teeth being mineralized in 
early childhood. 

Besides the necessary and determinant factors 
involved, the multifactorial nature of dental caries is 
also influenced by social factors, which can modify 
the disease outcome. Access to oral health promo-
tion, not only by stressing the value of adequate diet, 
oral hygiene habits and access to fluoride, but also 
considering the relative importance given to teeth 
by populations of different cultural and economical 
backgrounds, is a challenge continuously faced by 
health administrators. 

Strengths and limitations of 
fluoride mechanisms to control 
caries

The mechanism by which fluoride controls caries 
has been clearly elucidated in the last decades of the 
last century.7 Fluoride available in the ionic form in 
the oral cavity is able to counterbalance the mineral 
losses caused by acid production in the biofilm, by 
inducing the precipitation of the less soluble mineral 
phase fluorapatite in the tooth structure. Perhaps 
the great effect of fluoride to control caries is based 
on the concentration needed for it to exert its effect: 
when fluoride is present at concentrations as low as 
1 µM (approximately 0.02 ppm F), the oral fluids 
(saliva, plaque fluid) are supersaturated with respect 
to the mineral phase fluorapatite. Thus, even when 
available at very low concentrations in the mouth, 
fluoride can induce the precipitation of minerals on 
teeth. This effect, occurring every day, results in 
delayed mineral loss and prolongs the time needed 
for caries lesions to be clinically observed – or even 
maintains the mineral loss at subclinical stages for 
the whole life of an individual.

The local effect of fluoride is also desirable when 
considering that it is needed where the caries disease 
is occurring, i.e., the oral cavity. Thus, using fluoride 
in the right concentration (a very low concentration 
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is needed as explained above), at the right place (the 
oral cavity) and at the right time (available continu-
ously in a mouth where the disease is happening) 
favors its effect to control caries. The many meth-
ods of fluoride delivery that will be discussed here 
are meant to supply the oral cavity with this ion and 
thus reduce the progression of lesions.

However, the limitations of the anticaries effect 
of fluoride need to be considered. Fluoride does not 
interfere with the factors responsible for the disease, 
namely biofilm accumulation and sugar use. The 
antibacterial effect of fluoride in the concentrations 
remaining in the oral cavity, predominantly below 
10 ppm, cannot affect bacterial metabolism.10 Also, 
once a great mineral loss has occurred, and the clini-
cal signs are already visible (e.g. a white spot lesion), 
fluoride is not able to replenish the porous area in-
side the enamel with minerals, but will help impair 
the process, resulting in the arrestment of the caries 
lesion progression. The white spot will eventually 
have a shiny surface, as a result of surface polishing 
and remineralization in the presence of fluoride, but 
the white aspect, from the porous areas underneath, 
will partially remain.8

Methods of fluoride use
The first mechanism proposed to explain fluo-

ride action was based on its incorporation into the 
mineral structure, reducing the dissolution of this 
structure due to the lower solubility of the mineral 
fluorapatite when compared to hydroxyapatite. This 
mechanism was later shown to be incorrect, since 
the overall substitution of fluorapatite in the mineral 
of teeth did not exceed 10%, and could not be re-
sponsible for the tremendous reduction in the caries 
rate observed in the presence of fluoride. Although 
more than 30 years have passed since the effect of 
fluoride was recognized as a result of its presence 
in a soluble, ionic form in the oral cavity,7 the mis-
taken first interpretation of how fluoride works still 
makes the adequate use of fluoride methods a chal-
lenge. The best example is the classification of the 
methods of fluoride use as “systemic” or “topic”. 
Not only is this classification wrong, considering 
that the use of fluoridated water aims to deliver flu-
oride to the oral cavity (“topical effect”), and not 

to strengthen teeth that are formed during its use 
(“systemic effect”), but it also makes it difficult to 
understand how, when and in which form fluoride 
should be administered. Hence, it is urgent that we 
leave the classification of “systemic” and “topical” 
forms of fluoride use behind, and consider that all 
methods of using fluoride eventually aim at deliver-
ing fluoride to the oral cavity, so that it can exert its 
effect on caries control.13,14 Thus, the different ways 
of using fluoride should be classified according to 
the strategy used to deliver fluoride to the oral cav-
ity: community-based, individual, professional or 
the combinations of these.

Community-based methods of 
fluoride use

Of all methods tested so far to deliver fluoride 
according to a community-based approach, fluori-
dated water is by far the most successful. Based on 
more than 50 years of research attesting its effec-
tiveness and safety,15 fluoridated water is the best 
method of delivering fluoride on a population basis. 

The mechanism by which fluoridated water con-
trols caries is not different from what has already 
been explained in this paper. The particularity 
of this method is that fluoride is ingested, and re-
turns to the oral cavity through saliva secretion, via 
the salivary glands. The main implication of this 
mechanism of action is that for fluoridated water 
to be efficacious, it must be ingested continuously. 
There is no measurable additional effect of having 
teeth formed under the exposure to fluoridated wa-
ter, but only of having teeth continuously bathed by 
fluoride-enriched saliva. Since the concentration of 
fluoride needed to control caries is within a micro-
molar range, a small increase in fluoride concentra-
tion in saliva of people living in a fluoridated area 
(about 0.02 ppm F), when compared to those living 
in a non-fluoridated area (about 0.01 ppm F),16 has a 
tremendous effect.

Another misinterpretation of the benefits gained 
by fluoridated water is to think that only by drink-
ing fluoridated water will the benefit be available. In 
fact, when fluoridated water is used to cook meals, 
it increases their fluoride concentration, thus mak-
ing fluoride available by the ingestion of food pre-
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pared with fluoridated water. The benefit of cooking 
rice and beans with fluoridated water was discussed 
in a recent paper.17 It should also be noted that while 
rice and beans cooked with fluoridated are being 
chewed, a 4-fold increase in fluoride concentration 
in saliva is observed before swallowing (unpublished 
data); the prolonged effect is achieved by low con-
centrations returning to the mouth via saliva.

Individual methods  
of fluoride use

Among the individual methods of fluoride de-
livery (fluoride toothpastes and rinses), the use of 
fluoride toothpastes is by far the most important 
because it combines the use of fluoride with the me-
chanical removal of the biofilm. There is unequivo-
cal evidence that fluoride toothpastes are efficient to 
control caries18 and have played an important role in 
the caries decline observed in both developed19 and 
developing countries.20

When fluoride toothpastes are used, a high con-
centration of fluoride is maintained in the mouth 
(saliva, biofilm fluid) for some minutes. In saliva, 
fluoride concentration takes 1 or 2 hours to reach 
the baseline, pre-brushing values.21,22 In the biofilm, 
increased fluoride values are maintained even 10 
hours after brushing when fluoride toothpastes are 
used on a regular basis.23,24

It has recently been shown that the enrichment 
of remnants of plaque not removed by brushing 
with fluoride from toothpastes is primarily responsi-
ble for its anticaries effect.25 This means that brush-
ing with fluoride toothpastes is able to protect not 
only the cleaned surfaces (from which the biofilm 
was removed), but also the surfaces the toothbrush 
did not reach. This idea may explain why brushing 
with a non-fluoride toothpaste, although effective in 
controlling periodontal inflammation, is not able to 
significantly reduce caries; to do this, the toothpaste 
must have fluoride.26 In other words, toothbrushing 
with fluoride toothpaste controls caries by removing 
the biofilm from easily accessible surfaces, and by 
enriching the unremoved remnants of biofilm with 
fluoride. This has been the basis for the recommend-
ed use of fluoride toothpastes aiming at improving 
oral health.27

There has been some debate on the effective-
ness of fluoride toothpastes based on their fluo-
ride concentration. Toothpastes containing 1,000-
1,500 ppm F (also named conventional fluoride 
toothpastes) have proven highly effective to con-
trol caries, by many high-quality, randomized and 
controlled studies conducted in the last decades.18 
Toothpastes with increased fluoride concentration 
(e.g. 5,000 ppm F) have been launched aiming to 
control root caries, considering that dentine is more 
caries-prone than enamel. There is some evidence 
that these toothpastes are more effective than the 
conventional ones in such cases,28 but a review of 
the literature on this subject is still lacking.

On the other hand, regarding low fluoride con-
centration toothpastes (e.g. 500 ppm F), a significant 
number of studies and systematic reviews of the lit-
erature have been published in the last few years. In 
a systematic review published in 2003, Ammari et 
al.29 concluded that more studies were necessary to 
address the effect of 500 ppm F toothpastes, and that 
lower concentrations (e.g. 250 ppm F) were clearly 
not as effective as the conventional toothpastes to 
control caries. A clinical study published in 200830 
brought some light to this subject, by demonstrating 
that low fluoride and conventional toothpastes were 
equally effective to control caries in caries-inactive 
children, but low fluoride toothpastes used by car-
ies-active children resulted in an increased number 
of incipient lesions after one year, while the conven-
tional one could control the appearance of new le-
sions. This was further explained by a recent study31 
showing that low F toothpastes are not able to con-
trol caries under a high cariogenic challenge (bio-
film accumulation and exposure to sucrose 8 times/
day). The lower fluoride availability in the biofilm 
fluid and solids, either soon after or 10 to 12 hours 
after the use of a low fluoride toothpaste, may ex-
plain these results. A recent systematic review of the 
literature32 confirmed that the effectiveness of fluo-
ride toothpastes is proven in conventional strength 
formulations, but not in low fluoride ones.

Professional methods  
of fluoride use

Some fluoride products are restricted to use by 
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the dental professional; this is the case of high-con-
centration gels and varnishes, and also of fluoride-
releasing dental materials.

When a high-concentration fluoride product, 
such as a fluoride gel (from 9,000 to 12,300 ppm 
F) or varnish (22,500 ppm F), is applied on teeth, 
in addition to the transient increase in fluoride con-
centration in the oral cavity, a reaction occurs be-
tween the soluble fluoride in the product and the 
tooth mineral resulting in the precipitation of fluo-
ridated minerals (calcium fluoride-like deposits and 
fluorapatite). Fluorapatite is incorporated within the 
crystal lattice, and will not dissolve into the oral 
cavity. However, the calcium fluoride-like deposits 
may serve as a fluoride reservoir, slowly dissolving 
and releasing fluoride into the saliva or to the fluid 
phase of the biofilm accumulated on the teeth. The 
fluoride released from the calcium fluoride to the 
biofilm fluid would act by inhibiting demineraliza-
tion and enhancing remineralization, and this seems 
to be the main effect of professional fluoride appli-
cation.33

There is significant evidence showing that preven-
tive programs based on professional fluoride applica-
tion are effective to control caries in populations,34 
irrespective of the product used. Thus the design for 
a preventive program based on professional fluoride 
application, including reapplication frequency (tri-
monthly, semi-annually, annually) and risk groups 
to be included in the program, should be based on 
the capabilities of the professionals involved and on 
the amount of resources available. 

To supply the oral cavity with a source of slow 
release of fluoride is also the aim of fluoride-releas-
ing dental materials. Increasing evidence suggests 
that caries around restorations is not the result of 
“secondary caries” progressing from carious tis-
sue left under the restoration, but rather of the oc-
currence of a new lesion adjacent to the previous 
one.3 The use of fluoride-releasing materials could 
thus control the development of this “new lesion” 
adjacent to a previous restoration. In fact, biofilms 
formed on glass ionomer restorations are enriched 
with fluoride released from them, and the resulting 
inhibition of demineralization around these resto-
rations has been confirmed.35 However, systematic 

reviews of the literature have failed to confirm the 
greater benefit of glass ionomers, when compared 
to composite resin, to reduce caries around restora-
tions.36 This may be caused by the use of additional 
methods of fluoride delivery, which could diminish 
the effect of one method evaluated alone. 

Combination of methods  
of fluoride use

The main doubts concerning fluoride use come 
from the combination of methods of delivery. It can 
be challenging to decide which combinations should 
be made regarding either individual or community 
recommendations. Most of these doubts come from 
the difficulty in understanding the mechanism of ac-
tion of each method of fluoride use (which are es-
sentially the same: the mechanism of action of the 
fluoride ion itself) and how it supplies fluoride to the 
oral cavity, already discussed in the previous sec-
tions.

As a general consideration, both fluoridated wa-
ter and fluoride toothpaste should be recommended 
to all individuals.37,38 This recommendation is based 
on the plentiful data supporting their effectiveness 
to control caries. It can even be considered that the 
low caries prevalence observed nowadays is the re-
sult of the continuous use of these two methods of 
fluoride delivery by many populations.

Additional methods can be recommended for pa-
tients at a high risk for caries.37,38 These may include 
professional fluoride application and the use of fluo-
ride releasing dental materials. It should be noted 
that there is evidence that the regular use of fluoride 
toothpaste (i.e. 3 times/day) is able to achieve a level 
of inhibition of enamel demineralization that cannot 
be improved if a professional fluoride application is 
combined.23 Although professional application is 
able to reduce enamel demineralization, when it is 
associated with regular use of fluoride toothpaste no 
significant improvement of the effect of both is ob-
served. This result was confirmed by a review of the 
literature on the combination of methods of fluoride 
use versus fluoride toothpaste alone.39 The same 
was observed when restorations of glass ionomer 
and composite resin were tested against the use of 
non-fluoride or fluoride toothpaste.24 Although the 
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glass ionomer showed a significant effect in reduc-
ing enamel and dentine caries around restorations 
when a non-fluoride toothpaste was used, a similar 
effect was observed for the composite resin used 
with fluoride toothpaste.24,40 The concomitant use 
of the effective fluoride toothpaste may explain why 
some studies fail to demonstrate the clinical effec-
tiveness of glass ionomers to control caries around 
restorations.36

Taken as a whole, these results suggest that when 
fluoride toothpaste is being used on a regular ba-
sis, no additional method of fluoride use is recom-
mended. However, in such situation caries would be 
under control. On the other hand, patients with ac-
tive caries wouldn’t be using fluoride toothpaste on 
a regular basis, and for them there is strong recom-
mendation for using an additional fluoride source 
(Table 1).

Also, recent data show that, for dentine, the 
combination of fluoride toothpaste and topical fluo-
ride application can be more effective than the use 
of either alone.41 This should be further studied, but 
could be additional evidence that the amount of flu-
oride needed to control dentine caries is higher than 
that for enamel caries.

Balancing the benefits (caries 
control) and risks (fluorosis 
development) of using fluoride 
from toothpaste

The important role of fluoride toothpaste to con-

trol caries in young children has recently been em-
pirically questioned in view of an expected increase 
in the prevalence of dental fluorosis in young popu-
lations. This is an important issue that cannot be ad-
dressed without further discussion of some points.

First of all, balancing the benefits and risks of 
fluoride use is a continuous challenge. In all coun-
tries experiencing caries decline in the last decades, 
fluoride was (and still is) being used in some way. 
Thus, it should be accepted that fluoride may be 
necessary to maintain the low prevalence of caries 
observed nowadays.

On the other hand, since pioneer studies on wa-
ter fluoridation have demonstrated its effectiveness 
and safety, it has also become clear that some degree 
of fluorosis would be present.42 The fluoride concen-
tration to be added to water supplies was then cal-
culated to result in the best anticaries benefit that 
could be achieved while maintaining fluorosis at low 
levels and low prevalence. Thus, it should be noted 
that the history of fluoride use to control caries is 
linked to the acceptance that it could provoke mild 
alterations on the enamel being formed during its 
ingestion.

The use of fluoride from toothpaste by young 
children, resulting in the ingestion of additional flu-
oride, is the main focus of the growing paranoia on 
fluorosis. Although the use of fluoride toothpaste by 
young children can be considered a risk factor for 
dental fluorosis,43 a recent review of the literature44 
showed that the evidence pointing to the conclu-

Method of delivery
Community-

based
Individual Professional Recommendations

Fluoridated water X
Recommended to all 

individuals; no restrictions

Fluoride toothpaste 
(1,000-1,500 ppm F)

X
Daily use recommended to 

all individuals; young children 
should use a small amount

Fluoride rinses 0.2% NaF 0.05% NaF
According to caries risk or 

activity, restricted to children 
aged 6 or higher

Fluoride gel, varnish X
According to caries risk or 

activity, at the community or 
individual levels

Combinations of 
methods

According to caries risk or activity, at the community or individual levels

Table 1 - Recommendations 
on fluoride use37,38
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sion that starting the use of fluoride toothpaste in 
children under 12 months of age may be associated 
with an increased risk of fluorosis is weak and un-
reliable, and, even for older children, the evidence 
is equivocal. Additionally, the recommendation that 
children under the age of 2-3 years use non-fluoride 
toothpastes is not supported by any scientific study. 
From many papers on fluoride mechanisms (cited 
throughout this paper), it is clear that the anticaries 
effect is completely lost by the use of non-fluoride 
toothpaste, and the use of low-fluoride formulations 
is also subject to criticism, as previously discussed. 
Moreover, there is not a single study showing that 
this recommendation will keep children free of fluo-
rosis, or even reduce its risk, considering that other 
sources of fluoride are available.

The best recommendation on the use of fluoride 
toothpastes by young children, considering the bal-
ance of benefits and risks, is that a small amount of 
dentifrice should be used. For example, by recom-
mending the use of 0.3 g of toothpaste per brushing 
(similar to the size of a pea), the amount of fluoride 
ingested would still fall within the safe limit con-
sidering fluorosis risk involving aesthetic issues.45 
Calculations on the risks and benefits of fluoride 
toothpaste use by young Australian children showed 
that the use of a high amount of toothpaste and the 
habit of eating or licking the toothpaste resulted in 
an increased risk of fluorosis, without a significant 
improvement in anticaries benefits.46 In fact, since 
the anticaries effect of fluoride is concentration-de-
pendent (the concentration of free fluoride in the 

mouth), and the fluorosis risk is dose-dependent (the 
dose of fluoride circulating in the blood according 
to the child’s weight), a reduction in the amount of 
toothpaste used by young children would reduce the 
risk of dental fluorosis without significantly affect-
ing its anticaries benefit.47 It is thus a recommenda-
tion that can be made for all children, irrespective 
of their social or caries-risk status.

Additionally, studies have shown that the level 
of fluorosis caused by the association of fluoridat-
ed water and fluoride toothpaste is very mild, and 
a recent review of the aesthetic perceptions of den-
tal fluorosis and the associated oral health-related 
quality of life48 showed that mild fluorosis may even 
be associated with an improved perception of oral 
health, probably due to the lower prevalence of car-
ies in such populations.

Conclusions
1. Fluoride is still considered the best strategy to 

control caries at either the community or indi-
vidual levels.

2. Water fluoridation and fluoride dentifrice should 
be recommended for all individuals.

3. Fluoride rinse, professional fluoride application 
and fluoride-releasing dental materials may be 
considered complementary methods of fluoride 
delivery.

4. Fluoride may be used to control caries with ef-
ficiency and safety regarding general health or 
dental side-effects such as fluorosis.
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