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Abstract Theaim of this paperwasto critically review the
current role of community waterfluoridation in preventing
dental caries.Original articles and reviews publishedin
English language from January 2001 to June2006 were
selected through MEDLINE database.Other sources were
taken from the referencesof the selected papers. For the
past 50 years community water fluoridation has been
consideredthe milestoneof cariesprevention and as one
of the major public healthmeasures of the 20th century.
However, it is now accepted that the primary cariostatic
actionof fluoride occursaftertootheruption.Moreover, the
caries reductiondirectly attributable to water fluoridation
have declined in the last decades as the use of topical
fluoride had become more widespread, whereasenamel
fluorosis has been reportedas an emergingproblem in
fluoridated areas.Severalstudiesconducted in fluoridated
andnonfluoridatedcommunitiessuggestedthatthis method
of delivering fluoride may be unnecessary for caries
prevention, particularly in the industrialized countries
where the caries level has became low. Although water
fluoridation maystill bea relevantpublic health measure in
poor and disadvantaged populations, the use of topical
fluoride offers an optimal opportunity to prevent caries
amongpeopleliving in both industrialized and developing
countries.

Keywords Waterfluoridation. Systemic fluoride. Caries
prevention . Fluorosis. Topicalfluoride. Oralhealth

Introduction

Community water fluoridation (CWF) is the additionof a
controlled amount of fluoride to the public water supply
with the intent to preventdentalcaries in the population.
The recommendedfluoride concentration rangesfrom 0.7
to 1.2 part per million (ppm), depending on the climatic
temperature and water intake in that area [6, 31]. The
effectivenessof CWF in preventing carieshas beenwell
establishedandin 2001theCentersfor DiseaseControland
Prevention (CDC) recognized fluoridation as one of the
major public healthmeasuresof the 20th century [6]. The
early studies reportedthat reductions in cariesexperience
attributableto fluoridation rangedfrom 50 to 70% [5]. By
the mid-1980s,however, the relative effectivenessof CWF
has declined,whereasthere has been an increasein the
prevalence of fluorosis [5, 23]. Moreover, in the last
decadessomeEuropeancountries adoptingCWF interrup-
ted it [13, 19].

Theaim of this paperwasto critically review thecurrent
role of CWF in preventingdental caries. The historical
developmentof fluoridation,the impactof topical fluorides
in the relative effectivenessof CWF, and the emerging
problem of fluorosis in fluoridated communities were
analyzed.Original articlesandreviewspublishedin English
language from January 2001 to June2006 were selected
through MEDLINE database(key words: Water fluorida-
tion/systemic fluoridation and caries prevention, Water
fluoridation andoral health,Waterfluoridation andfluoro-
sis, Water fluoridation and topical fluoride). Othersources
weretakenfrom the referencesof the selectedpapers.
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Caries prevention and community water fluori dation:
an historical perspective

At the beginningof the 20th century, the Americandentist
Frederick McKay marked thestart of thewaterfluoridation
research [30, 35]. He noticed that many of his patients,
native of Colorado Springs (CO), had distinctive brown
stainson their teeth,which in turn were highly resistantto
caries lesions.McKay observed the samepeculiarstains,
which he describedasÒmottled enamelÓ, in othercommu-
nities of the United States of America (USA) [5, 29, 30].
Thesefindings led him to suspect that a substancein the
drinking water was responsible for the brown stainsand
their high resistance to caries.At the beginningof 1930s,
water analyses conducted by the chemist H. V. Churchill
identified fluoride as the etiological agentof the Òmottled
enamelÓ disorder, later called enamel fluorosis for the
causative factor [5, 29, 30]. During thatperiod, H. Trendley
Dean, a USA Public HealthService scientist,wasprompted
to start a seriesof epidemiological investigationsto testthe
hypothesis that increasedfluoride concentration in water
supplies was associatedwith a reductionin caries preva-
lence[5]. This inverse relationwasconfirmed in a further
investigation conducted in Colorado, Illinoi s, Indiana, and
Ohio (the so-called 21-City Study) [5, 29]. Dean also
observed that theprevalenceof fluorosiswaslow (i.e., 10Ð
12%) at fluoride levels up to 1.0 ppm in drinking water,
with mostof the fluorosisbeingof a very mild nature.On
the other hand, when the fluoride in drinking water
exceededthat level, prevalenceand severity of fluorosis
beganto rise[5, 29]. Theseresults providedtheimpetusfor
theinitiation of CWF programsin theUSA andCanada[6].

In 1945,Grand Rapids(MI) became the first city in the
world to adjust the fluoride level to 1 ppm in the public
watersupply [5, 29]. In the sameyear, two towns, Aurora
(IL), which was naturally fluoridated (1.4 ppm), and
Muskegon (MI), as control, wereincludedin an important
clinical studyon the effectsof water fluoridationon caries
[5, 19]. A furtherstudystartedat Newburghwith Kingston
as the control city (NY). In 1946, surveys began at
Evanston with Oak Park (IL) as control, and at Brantford
with Sarniaas control and Stratfordwhich was naturally
fluoridated (Canada,Ontario) [5, 29]. After 6 years of
observation, Dean reportedthat the caries experience of
childrenliving in Grand Rapids during the period of water
fluoridation had declined by almost half compared to
Muskegon (control town) and had similar levels to those
seenin Aurora (naturally fluoridated town) [9]. Moreover,
after conducting sequential cross-sectional investigations
over13Ð15 years,a cariesreductionof 50Ð70%wasfound
in childrenliving in the fluoridatedcommunities [5]. In the
following years,asa resultof theselong-term community
studies,waterfluoridation was introducedin the USA and

in a number of countries throughout the world, like
Australia, New Zealand,Singapore, Israel, United King-
dom,andIreland[6, 19, 29].

In the USA, sincethe 1950s,the so-calledantifluorida-
tionists resisted the idea and practice of CWF. That
movementrepresentedthestart for manyorganizationsthat
in the last decadesopposedthe addition of fluoride in
public water system.Their principal reasons of contrast
included the freedom-of-choice issue and the potential
dangerousnessof fluoride to humanhealth [8, 31]. Several
diseases, including cancer, DownÕs syndrome, and an
increasein fractureratehave beenlinked to CWF, but, to
date,no evidence is available to support claimsof harmful
effects [28, 29, 31]. Nowadays, a number of countries,
particularly in Europe, do not adopt artificial water
fluoridation schemes or discontinued them as fluoridation
can be viewed as a violation of medical ethics (silico-
fluoridesusedin water fluoridation are unlicensedmedic-
inal substances) and human rights (silicofluorides are
administeredto largepopulationswithout informedconsent
or medicalsupervision) [8, 13, 19].

Water fluorid ation in the world

It is estimatedthatover300 milli on peoplein 39 countries
worldwide live in areaswherewatersuppliesarefluoridat-
ed[3, 29]. In theUSA, over170million people(67%of the
population) currently benefit from artificially fluoridated
water [31]. Apart from the USA, other countriesemploy
CWF schemes, like Canada,Brazil, Argentina, Columbia,
Chile, Australia, New Zealand,Malaysia, Israel, andcities
like Hong Kong andSingapore [13, 17, 19, 29].

Based on the experienceof overseas countries, CWF
startedalso in Europe,but the Europeancountrieswhere
CWF is actually in forcearethe Republicof Ireland(71%
of the population covered) [37], GreatBritain, and Spain
(only 10%of thepopulation covered)[29]. Somecountries
started with water fluoridation to interrupt it later (the
Netherlands,Sweden, East Germany, and Finland), other
countries (Switzerland,Hungary, France,West Germany,
andDenmark)neverstartedit or preferreddifferentfluoride
vehicles (i.e., salt) [13, 19]. Austria, Belgium, France,
Norway, andItaly areinsteadconvincedthat fluoridationis
agoodhealth measure,butno decisionregarding it hasever
beenmade[13, 19]. CWF is not beingcurrently adopted in
Italy becausein a number of areasthroughout the country,
wateris naturally fluoridated,reaching theoptimal level for
caries prevention [13]. Another important reason is a
sustainedexpansion of the use of bottled water, with a
wide rangeof fluoride concentration, which is almost the
majorsourceof drinking water in this country[16].
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Role of water fluori dation in cariesprevention: current
key issues

Systemic vs topical effectof fluoride

A dogmahas existed for many decades, that fluoride acts
mainly preeruptively with its incorporation into the hy-
droxyapatite crystals, leading to the formation of fluorapa-
tite, a lesssoluble enamel apatite[12]. Researchover the
last 20 years, however, haschangedour understanding of
this concept[6, 12, 15, 23]. A number of studiesshowed
that the differences in fluoride concentration in surface
enamel betweenpermanent teeth from low-fluoride and
fluoridated areaswere minimal, whereasan inverse rela-
tionship between fluoride levels in enamel surface and
caries experiencewas not found [12, 15]. Severallabora-
tory investigations have clearly demonstrated that the
presence of low levelsof fluoride (0.03 ppm or higher) in
saliva and plaque fluid reduces the rates of enamel
demineralizationduring the cariesprocess and promotes
the remineralizationof earlycaries lesions[11, 12, 15]. On
the other hand, the level of fluoride incorporated into
enamel by systemic ingestion was proved to have no
significanteffect in preventing/reversing caries [11]. More-
over, the reexamination of clinical/epidemiological data
from early and recentCWF studiessupported the current
view that the cariostatic effect of fluoride is almost
exclusively posteruptive and the mechanism of action is
topical [12, 15, 23]. A person living in a fluoridated
community, in fact, may increase this level to about
0.04 ppm several timesduring the day [23]. In addition, it
has beenfound that fluoride may also affect oral plaque
bacteria by the interferencewith acidproduction [3, 6, 11].
The implications of these concepts are that frequent
exposure to low concentrationof fluoride in theoral cavity
is the most important factor in preventing/controlling
caries; on the otherhand, the anticaries effectsof systemic
fluoride arerecognizedto be minimal [6, 11, 23, 38].

The impact of fluoride-containingproducts

In the past decades, a number of authors focused their
attention on caries trendof thecommunitiesthatinterrupted
water fluoridation in comparison to communities without
waterfluoridation (Kuopio and Jyvaskyla, Finland; Chem-
nitz and Plauen,Germany;Tiel and Culemborg, Holland;
La Salud, Cuba) [1, 5, 15, 19, 21, 23]. In these
communities, during the years of water fluoridation, a
caries reduction hadbeenobserved,but after the cessation,
caries prevalencedid not rise,remainedalmost thesameor
even decreased further [15, 21, 23]. These findings do
indicate that the interruption of CWF had no negative
effectson cariesprevalence.

Several epidemiologic studieshave also demonstrated
that cariesreductions directly attributable to water fluori-
dationhavedeclinedin thelastdecades. In theUSA, by the
mid-1980s, caries levels in the permanent dentition of
children living in fluoridated areaswas only 18% lower
compared to childrenliving in nonfluoridatedareas[5]. In
the sameyears(1979Ð1980), the caries reduction attribut-
able to CWF was 8Ð37% (mean:26.5%)amongthe USA
adolescents [5]. Recent differencesin caries prevalence
betweenfluoridatedand nonfluoridatedcommunities have
beenconfirmedto be muchsmallerthan in the past[6, 9,
19, 23, 26]. Moreover, in mostEuropeancountries,where
CWF hasneverbeenadopted,asubstantialdeclinein caries
prevalence has been reported in the last decades,with
reductionsin lifetimecariesexperienceexceeding75%[26].

The main reasonfor the declinein the caries prevalence
in industrializedcountries is recognizedto be the introduc-
tion of fluoridatedtoothpaste in the early 1970s[6, 9, 11,
26, 29]. The diminishing benefit from CWF hasbeenalso
attributed to the largeuseof the other fluoride-containing
products, including mouthrinse, dietary supplements,and
professionally applied or prescribed gel, foam, or varnish
[6, 26]. The useof topical fluoride results in an additional
caries reduction beyondwhat is provided by CWF [36].
When theseproducts are used, in fact, fluoride can be
retainedfor 2Ð6 h in saliva and plaqueat concentration
which can havea significant effect on enamel demineral-
ization/remineralization [11, 23, 24]. Fluoride toothpaste
and mouthrinse have shown to reducethe prevalenceof
caries by 24Ð26%, insteadof CWF that nowadaysreduces
caries trend by 15% [32, 36]. Specific reduction in caries
rateshasbeenestimated to be 26Ð28% for gel and foam,
and46% for fluoride varnish [6, 36].

Waterfluoridation and socioeconomic dentalhealth
inequalities

Although caries prevalenceis in constantdecrease in the
westernworld, caries still remainsa major public health
problem for the vast majority of individuals living in
developing countries and for the populations with low
socioeconomic statusin developedcountries[9, 17, 20, 26].
Somestudiesin the United States,Britain, Australia, and
New Zealandsuggested that fluoridation may reducethe
inequalities of dentalhealthbetweensocialclasses[4, 18,
33], but, to date,there is limited evidence to support the
view that fluoridationreducedthedisparities in caries [27].
Most of the improvements in childrenÕs dental health, in
fact, are attributable to the widespread availability of
fluoride-containing toothpastessince the 1970s[6, 9, 11,
26, 29]. Other factors such as socioeconomic status,
lifestyle, food habitscanalsoaffect the incidenceof caries
that cannot be predictedby fluoridation alone[10, 34].
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Nevertheless,for underprivileged groupsin both devel-
opingand developedcountries,thesafetyandeffectiveness
of water fluoridation has been endorsed, even in recent
years, by international and national agencies and dental
associations throughout the world [6, 17, 29, 31, 32]. It
mustbe noted,however, that the WHO World Oral Report
2003recommended the developmentof affordablefluoride
toothpastefor usein developingcountries [32]. WHO also
emphasizedthe importanceof updatingcurrent information
on the cost-effectivenessof CWF against a background of
the now universal useof fluoride toothpastes[32].

Fluorosis: an emerging problem in fluori dated
communities

Fluorosis occursasa resultof long-termintake of fluoride
during the preeruptive development of teeth. It is a
hypomineralization of enamel characterized by an increased
surface andsubsurfaceporositycausing opacity, pitting or
staining of the enamel [3, 6, 31]. At a level of 1 ppm
fluoride in domestic water supplies, the prevalence of
fluorosis hasbeenestimatedto be approximately51%,but
mostof the fluorosisis of a very mild natureand it is not
generally noticedby the public [3, 6]. In the last decades,
therehasbeena trendtowardan increasein theprevalence
of fluorosis in the USA and other western countries
adopting CWF [3, 6, 7, 14, 37]. A recentsystematicreview
concluded that fluorosis of aesthetic concern affected
12.5%of residentsin fluoridatedcommunitiesin theUnited
Kingdom [28]. It is important to emphasize,however, that
fluorosis, whetherof aesthetic concernor not, is the first
visible sign of an excessive intake of fluoride during the
period of enamelformation.

A major risk factor in fluorosis is the inappropriateuse
of fluoride toothpaste in young children who may not be
able to expectorateit adequately [2, 3, 6, 14]. In addition,
somerisk of increasingfluorosismay be attributedto the
ingestion of powdered infant formula reconstituted with
fluoridatedwater(in fluoridatedareasonly) [3, 22, 25, 35].
Foodsandbeveragesprocessedin fluoridatedareas,aswell
as the bottled waterswith high fluoride concentration,can
be significant sources of ingested fluoride for young
children [3, 22, 25, 35]. Furthermore, the use of dietary
fluoride supplements during the first 6 years of life is
associated with a significant increase in the risk of
developing fluorosis[2, 3, 6, 7, 31, 35].

To limit individual exposure to dietary fluorides, in
recentyearstherehavebeena number of recommendations
for sharply reducing fluoride supplementschedules,partic-
ularly in fluoridated communities [2, 6, 25, 29, 31, 38].
Similarly, the proper use of fluoride delivery systems,
which operateposteruptively has been increasingly sup-

ported by public healthorganizationsand scientific dental
associations[6, 23, 31, 38]. It hasalso beenproposed to
lower the fluoride level in watersupplies to between0.6 to
0.8 ppm; such measure, according to the Forum on
Fluoridation 2002, would reduce the risk of fluorosis,
without significantchanges in caries prevalence[3].

Conclusions

For the past50 years, CWF hasbeenconsideredthe most
cost-effectivemeasurefor the control of caries at the
community level [5, 6]. However, it is now accepted that
systemic fluoride plays a limited role in cariesprevention
[12, 38]. Several epidemiologic studies conducted in
fluoridatedandnonfluoridatedcommunitiesclearlyindicat-
ed that CWF may be unnecessaryfor caries prevention [1,
5, 15, 19, 21, 23], particularly in theindustrialized countries
wherethe caries level has becamelow [16, 21]. Moreover,
the evidence of an increased prevalence of fluorosis,
particularly in fluoridated areas,needsto be considered
[3, 22]. Nevertheless, water fluoridation may still be a
relevant public health measure in populations where oral
hygieneconditionsarepoor, lifestyle results in ahigh caries
incidence,andaccessto a well-functioning oral health care
systemis limited. Instead,topicalfluorideoffersanoptimal
opportunity to preventdentalcariesamongpeopleliving in
bothindustrializedand developing countries,andtheuseof
fluoride-containing products, particularly the toothpaste,
needsto be maintainedandexpanded[6, 17, 32, 36, 38].
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