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Aim. The aim of our study was to chronologically analyse various public health measures of fluoride use in caries
prevention.

Methods. We systematically searched the PubMed database on the preventive role of fluorides in public health,
published from 1984 to 2014. The search process was divided into four steps, where inclusion and exclusion
criteria were defined. Qualitative methodology was used for the article analysis. In the research process, the
described forms of F use, diversity of the described F agents, and the observed population group were analysed.

Results. In our systematic review, 40 relevant reviews were revealed. Fluorides have been used in many
different forms, but only a few studies showed their significant role in public health. Water fluoridation was
the most important public health measure. In the recent decades, the number of studies on topical fluorides is
constantly rising. The most extensively described topical forms of fluorides are professionally applied fluoride
agents and fluoride toothpaste for home-use. The use of fluoride containing toothpaste in caries prevention is a
safe and successful public health measure (PHM) if their use is widespread, and it is recommended for all. The
results on other topical forms of fluorides are insufficient to be suggested as an important PHM.

Conclusions. The role of fluorides in public health prevention has changed in accordance with the knowledge
about the fluoride cariostatic mechanism. Previously the most important pre-eruptive effect of fluorides was
supplemented by the post eruptive effect. Abundant evidence exists to show the effectiveness of systemic and
topical fluorides.

Namen. Namen nase raziskave je bil kronolosko analizirati razli¢ne nacine javnozdravstvene uporabe fluoridov
pri preventivi kariesa.

Metode. Sistematicno smo pregledali pregledne clanke v bibliografski bazi PubMed, ki so bili objavljeni v
obdobju od leta 1984 do leta 2014. Iskalni proces je potekal v stirih fazah, v katerih smo dolocili vkljucitvene
in izkljucitvene kriterije za dolocitev ¢lankov za koncno analizo. Za analizo ¢lankov smo uporabili kvalitativno
metodologijo. V procesu analiziranja smo se osredotoCili na razlicne oblike in nacine uporabe fluoridov, jih
opisali ter opredelili uporabo fluoridov in pomen za populacijo, v kateri so bili uporabljeni.

Rezultati. V nasem sistemati¢nem pregledu smo analizirali 40 preglednih ¢lankov. Opisane so Stevilne oblike
uporabe fluoridov, vendar le nekatere raziskave poudarjajo javnozdravstveni pomen. Fluoridiranje pitne vode
je najpomembnejsi javnozdravstveni ukrep. Povecalo se je Stevilo raziskav, ki proucujejo topikalne fluoride.
Najvec raziskav opisuje profesionalne pripravke s fluoridi in kreme za zobe s fluoridi za domaco uporabo.
Uporaba kreme za zobe s fluoridi je varen in uspesen javnozdravstveni ukrep v preventivi kariesa, zato ga
priporocamo za celotno populacijo. Rezultati o drugih oblikah topikalnih fluoridov so nezadostni, zato jih ni
mogoce oznaciti kot pomembne javnozdravstvene ukrepe.

Zakljucki. Vloga fluoridov se je spremenila v skladu z znanjem o njihovem delovanju. V preteklosti
najpomembnejsemu preeruptivnemu delovanju se je pridruZilo razumevanje o posteruptivnem ucinku
fluoridov. Obstajajo jasni dokazi o ucinkovitosti tako sistemskih kot topikalnih fluoridov.
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1 INTRODUCTION

Caries is a widespread oral disease (1). The prevention
of caries with fluoride/s (F) has been proven to be an
effective public health measure (PHM), and it is considered
to be one of the ten greatest achievements of PH in the
20th century (2).

Fluorides are salts of the chemical element fluorine (3).
People can be exposed to F in various ways: through air,
soil, water, or beverages (1).

Black and McKay first recognised the preventive effect
of F in Colorado Springs at the beginning of the 20th
century (4). In 1931, Churchill identified a higher
concentration of F in Colorado Spring’s water (5). This
discovery encouraged Dean to perform several population
interventions with water fluoridation (WF) to prevent
caries at the population level (6). His work served as a
basis for decades of population caries prevention by
using WF. Systemic F had been widely recommended
until the 1970s, when the new concept of understanding
caries and F anticariogenic action was introduced (7). It
was established that F controls caries mainly through its
topical effect (3, 8). The topical mechanism is achieved
either with systemic F or with topical F. In contrast, WF
is @ major factor in preventing pit and fissure caries, the
most common site of tooth decay (9, 10).

According to the described historical facts, F are still
divided into two groups according to their form of action,
namely: systemic and topical (local). Systemic F (F water,
milk or salt, F supplements as tablets, drops or lozenges)
are ingested and incorporated into tooth enamel during
tooth development. They also provide some topical
protection of already erupted teeth as a reservoir of F
in oral mucosa and saliva (12). Topical F (F toothpaste,
mouthwashes, varnishes, gels, foams, slow-release F
devices) reduce demineralisation of the enamel, promote
remineralisation, and disable the metabolism of the
bacteria in dental plaque (8, 11).

After nearly 100 years, F remains an important research
subject. The availability of many different forms of F
in the modern developed world and their cumulative
preventive effect are among the most urgent topics in
dentistry.

The aim of our study was to chronologically analyse
various PH F uses in caries prevention.

2 METHODS
2.1 Search Strategy

We systematically searched the PubMed database on the
preventive role of F in PH, published from 1984 to 2014.
The search was conducted in February 2015, and revised
in September 2015.

The search process consisted of four steps (Figure 1),
namely:

1. Abasic search with included Medical Subject Headings
(MESH): fluorides, dentistry, community health. We
specified the search by reviewing the articles that
also included the following words in the title or
abstract: caries and preventive or prevention (Step

1).

2. The first screen was performed using the following
three inclusion criteria: full text availability; written
in English; narrative review or systematic review or
meta-analysis as the type of the articles (shorted:
reviews) (Step 2).

3. In the second screen, the article selection was
narrowed down by reading abstracts from the
selected reviews in the first search (Step 3).

a. We only included articles with the main theme
of the preventive/community health role of F.
We excluded reviews about the mechanism of
action, F-containing materials, dental fluorosis,
and the effect of F on bone remodelling, caries
management with other chemical products or
sealants.

b. Since none of the seven reviews published before
1984 met the criteria for inclusion, we determined
the observed window of time as being from 1984
until the present.

4. After the second screen selection, three assessors
independently read full-text articles and confirmed
or declined the inclusion. Twenty-eight reviews
met all our inclusion criteria, and further data
were extracted and analysed. The hand-search of
the bibliography resulted in the inclusion of twelve
reviews (Step 4).

2.2 Data Description

Qualitative methodology was used for the article analysis.
In the first step, the relevant articles were extracted in
the form of a specifically designed table: the described
forms of F use (systemic, topical or both), diversity of the
described F agents, and observed population group. In the
second step, we summarised the main results on various
uses of F as preventive agents over the previous 30 years.

3 RESULTS
3.1 Search Strategy

According to the described search strategy, 40 relevant
articles were read in full (Figure 1).
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Figure 1. According to the described search strategy,
40 relevant articles were read in full (Figure 1).

In terms of content, articles were analysed according to
the described F preventive agent(s) (Table 1).

3.2 Analysis by Periods of Observation

We arranged the reviews into three periods according to
publication dates (Figure 2).

of reviews
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Figure 2. The number and substantive set of reviews about
the preventive role of fluoride according to the
publication date (PubMed, 1984-2014).

Nineteen different F interventions were observed in the
selected reviews. The representation by their described F
agents in caries prevention is shown in Figure 3 (systemic
use) and Figure 4 (topical use).
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Figure 3. The number of reviews on systemic fluorides in the
observed periods according to the form of use and
publication time (F - fluoride/s).

Table 1. Results of the reviews by year of publication and
described form of the use of F preventive agents
(PubMed, 1984-2014).

First author, Review W T S M | P V G R D To Co

year of type
publication
Sheiham, 1984 NR o o o . o

Hargreaves, 1990 NR .
Horowitz, 1990 NR

Manji, 1990 NR o o o .
Lewis, 1994 NR »

Levy, 1994 NR o o

Johnston, 1994 NR o o
O’Mullane, 1994 NR e o

Bowen, 1995 NR . .

Limeback, 1999 NR
Marinho, 2002 MA
Marinho, 2002 MA
Marinho, 2003 MA .
Marinho, 2003 MA
Twetman, 2003 MA

Warren, 2003 NR o o o o o

Axelsson, 2004 SR .
Fejerskov, 2004 NR o .
Marinho, 2004 MA .
Marinho, 2004 MA .
Petersson, 2004 MA .

Twetman, 2004 SR .

Yeung, 2005 SR .

Bonner, 2006 SR o
Griffin, 2007 SR e .
Pizzo, 2007 SR .

Ismail, 2008 SR .

Kumar, 2008 NR o o o o .

Pessan, 2008 SR .
Espelid, 2009 SR e o

Marinho, 2009 SR . e o o o o
Toumba, 2009 SR .
Carvalho, 2010 SR .

Walsh, 2010 MA .

Wong, 2011 SR .

Lam, 2012 NR o o o o o
Petersen, 2012 NR o o o o o o

Marinho, 2013 MA .

Chong, 2014 SR .
Moyer, 2014 SR o o .

Legend: NR - narrative review; SR - systematic review; MA -
meta-analysis; W - water fluoridation, T - fluoridated tablets,
drops, lozenges; S - fluoridate salt; M - fluoridate milk;

| - ingested fluorides in food, drinks or as dental agents; P -
toothpaste with fluorides; V - fluoride varnishes; G - fluoride
gels; R - fluoride mouthwashes/mouth rinses; D - slow-release
fluoride devices; To - topical fluorides in general; Co -
combination of various fluoride agents.
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Figure 4. The number of reviews on topical fluorides in the
observed periods, according to the form of use and
publication time (F - fluoride/s).

In Figure 5, we arranged the reviews according to the
observed population. Eight reviews did not specify the
group of interest according to age. In terms of using
different F interventions, systemic F were observed in
all age groups, but for the analysis of topical effects in
adults and the elderly, the data were too limited or non-
existent.

Now of reviews

children and adolescents adults elders age not defined

Age group
Figure 5. The distribution of the reviews about the preventive
role of F according to the observed population
group.

3.3 Results of Contents by Periods
3.3.1 The Period between 1984 and 1993

In the first observation period, only four relevant reviews
were published. None of them focused on the topical
F only and among the topical F agents; only Sheiham
described toothpaste and mouth rinse (13). Hargreaves
(14) and Manji (15) mentioned the possibility of topical
F, but also warned about their insufficiently researched
effects. All four reviews describe WF as an effective PHM
of prevention of caries with 27-35% decline in caries
prevalence in the exposed population, in comparison to
the unexposed (13-16). The use of topical F (toothpaste,
mouthwash) was reported to reduce the incidence of
caries, especially during teeth eruption (13, 15).

Horowitz reported a lack of evidence on the combined
use of systemic and topical F (16). He also reported that
the use of topical products had helped to produce caries
reduction in areas without WF and, thus, diminished the
absolute differences in caries prevalence between WF
and non-WF areas (16).

Nevertheless, Hargreaves emphasised the lack of
knowledge in recommending different F agents according
to the age and development of the individual for maximum
effect with minimum risk (14).

3.3.2 The Period between 1994 and 2003

Between 1994 and 2003, twelve relevant reviews were
published. Four described systemic F; six described
topical F; and the remaining two described both forms
of use.

Levy (17) presented a new concept of prevention with F:
the concept of optimal intake of F. Limeback reported
that extensive use of systemic F might have masked the
topical action of systemic F (18). Moreover, he wrote that
the topical action could be even more important than the
systemic effect (18).

More than 50 years of experience with water fluoridation
showed a reduction in the burden of caries among the
exposed population in many countries (19). Differences
in DMFS (decayed, missed, filled surfaces) were smaller
than in the past; therefore, Lewis estimates WF as a
relevant PHM in poor communities, but unnecessary
in countries with low prevalence of caries (20). As an
alternative, considerably less known or studied systemic F
interventions were proposed (F supplements, fluoridated
salt, milk or sugar) (17, 19-22).

Studies on F supplements revealed significant limitations:
poor patient compliance and inappropriate prescription
(17, 22).

When designing prevention programmes or individual
counseling regarding F, the total intake of F should be
taken into account, which also means taking into account
F ingested with food, drink and oral care products
(accidental) (17, 22).

During this period, several authors described the
effectiveness of topical uses of F. Gels were the favourite
choice of the operators (23). Their estimated efficiency
was 21-26% in a population unexposed to other F
treatments (24). The prevented fraction (PF) of F varnishes
and F mouthwashes was high in primary and permanent
deciduous teeth, although no significant association was
found between the estimates of D(M)FS PFs and baseline
caries or background exposure to F (25-27).

The reviews and meta-analysis confirmed that the effect
of fluoride toothpaste is higher with higher F concentration
and frequency of use (21, 28, 29). Moreover, Twetman
found only limited evidence for anti-caries differences
between low-fluoride and standard toothpaste (28).
To summarise, they all concluded that the preventive
action of F toothpaste when brushing every day in young
permanent teeth was based on strong evidence (28, 29).
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3.3.3 The Period between 2004 and 2014

We identified 21 reviews published in the last decade.
Systemic F were described in four reviews, topical F in
eleven reviews, and seven reviews included both.

In spite of rising numbers of evidence-based reviews on the
importance of the topical effect of F, systemic F remained
an important anti-cariogenic measure, especially in terms
ofcost-effectiveness (30). In 2006, over 300 million people
in 39 countries lived in WF-supplied areas (31).

F milk and F salt had shown some preventive effect,
but they are difficult to prescribe in correctdoses, and
scientific evidence for assessing their effect is insufficient
to draw conclusions (30, 32-35).

Nevertheless, of all systemic F, the safety and efficiency
of F supplements seem to be an issue of some debate
among professionals (36). Reduction in caries increment
differs a lot between different age groups, and in terms of
the duration of action, proper supervision and motivation.
The most popular form of professionally applied F agents
in the reviews was F varnishes. The lack of evidence-
based studies makes it impossible to determine whether
the concentration in the varnish affects its prophylactic
activity (37-39). There is a moderate benefit in preventing
future caries with F varnish application in all children
starting at the age of eruption of primary teeth (40, 41).
F varnish is appealing for PH programmes, because it is
easily incorporated (30, 37).

The two reviews mentioned F tooth-mousse and F gels as
alternative forms of professionally applied F agents (33,
38).

In countries where F toothpasteis wide spread, it is the
most relevant and accessible method of topical F (38,
42). More than 500 million people around the world use F
toothpaste, and its effectiveness is well documented (34,
38, 42).

The efficiency of F toothpaste is increased with supervised
brushing, a higher concentration of F, frequent use, and
in higher-risk patients (29, 30, 33, 43). The evidence of
the combined use of F toothpaste and another F agent
remains limited; however, simultaneous use results in
caries reduction compared with F toothpaste use alone
(34, 38, 44-46). In comparison with gels or mouthwashes,
toothpaste appears to have similar effectiveness for
caries prevention in children (46).

Weekly rinsing under supervision has been proved to be
effective and even an alternative to operative applied or
unsupervised home use of F (30, 33). For the relatively
new F agents, slow-release F devices, only a few studies
are available, but they have shown a caries reduction
capacity (47-50).

Although children and adolescents are still usually the
population of interest, Griffin found that fluorides are
effective among all adults, and the implementation of
fluoride programmes should also serve this population
(51).

4 DISCUSSION

The prevention of caries with F has been a significant PH
intervention since it started with the implementation of
F in drinking water. In our study, we have presented the
shift from the traditional to the modern understanding of
F use in caries prevention.

Since 1984, when the first review of literature about
PH fluoride prevention was conducted, fluorides have
remained one of the milestones of caries prevention.
Nevertheless, the recommendations and PH programmes
have changed, and the number of published reviews about
F prevention in the field of PH is constantly increasing.

In the first observed decade (1984-1993), the main points
of interest were systemic F. In the second decade (1994-
2003), only half of the reviews were about systemic F. In
the latest decade, only a minority of the reviews focused
on systemic F, with half of the reviews during 2004-
2014, describing topical F as a PHM. Most of the research
on F prevention was done in groups of children and
adolescents. It is thought that F use in caries prevention
is also an important measure among adults and especially
among the elderly.

In 2004, Fejerskov described the shift from “caries
resistance concept” to understanding caries to be a
multifactorial disease, following the ecological shift in
the tooth-surface biofilm (7).

At first, only WF seemed to be a major PHM, but in
recent decades, topical F, especially widespread and very
efficient F toothpaste, are considered as possible PHM,
especially in populations with low caries increment.

Although all the reviews agree that community WF is
safe and effective in caries prevention, its role has
been combined with the use of topical F as PHM. WF is
cost saving and still recommendedby the US Community
Preventive Services Task Force (41) and recent guidelines
(52-54). Even in an era with a widespread availability
of fluoride from other sources, studies prove that water
fluoridation continues to be effective in reducing dental
decay (55, 56). WF is believed to be a major factor in
preventing pit and fissure caries, the most common
site of tooth decay (9, 10). Maximal caries-preventive
effects of water fluoridation are achieved by exposure
to optimal fluoride levels both pre- and post-eruptively
(55). Moreover, the latest Cochrane review on WF from
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2015, concluded that there is insufficient information
to determine the effect of stopping water fluoridation
programmes on caries prevalence (57).

The post-eruptive effect became more important with
the decreasing severity of caries attack (58). Efforts of
the PH preventive programme for oral health should be
directed towards the maintenance of a permanent low
concentration of fluoride in the mouth in as many people
as possible (3). Even the current guidelines recommend
fluoride toothpaste as the basic fluoride regimen for the
majority of European communities (52).

In Slovenia, the level of F in the water supply is below
0.2 ppm (59), which is below the level of significance
for WF. In addition, artificial fluoridation has never been
implemented. In the 1970s, the topical application of a
2% sodium fluoride in school-age children (7-15 years)
was introduced, which was changed, in the 1980s, to the
application of aminofluoride gel and the widespread use
of toothpaste with fluoride (60). Today, preventive dental
care in Slovenia follows updated guidelines on the use
of F in Europe (52). We wish to (re-)establish a modern,
scientific-based collective approach to F use in caries
prevention, which is currently, unfortunately, based on
the commitment of individuals or smaller professional
groups, working in dental (prevention) offices.

Our article presents the F use in caries prevention through
the perspective of PH. Independently of the described
form of F use, we highlighted the most significantfindings
about all forms of F use in order to give the reader the best
perspective on the field. A comprehensive knowledge on
fluorides is described. At the same time, the comprehensive
approach to our topic is also a restriction. We chose to
limit our study to review articles; consequently, we could
not assess the strength of evidence-based facts for each
form of use.

Our review showed that the use of F in caries prevention
is very active. It is important to improve the evidence
ability for different forms of use, and to research the
cumulative effects of using different forms of F. The effect
of different F agents should be measured in various ages
and social environments. Furthermore, the need for the
systematic use of F in societies with low caries prevalence
should be scientifically assessed. More research should
also be done in the older population groups, not focusing
only on children and adolescents.

5 CONCLUSION

In contrast to traditional systemic forms of F as PHMs,
nowadays, the use of topical F is becoming the primary
approach. As the operative treatment of caries is very
expensive, and F has proven to be efficient in caries
reduction, it remains recommended as the standard

for caries prevention. At the same time, it is necessary
to promote oral health also at other levels (good oral
hygiene, healthy nutrition, regular check-ups, being
included in oral preventive programmes).
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