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Introduction

The role of tluorides in the control of dental caries repre-
sents one of the most successful stories in general public
health. However, as with many successful programs, this
success is not without cost, and it is a story which at times
has resulted in strong@motional debates within the dental
profession that have not always been based on scientific
evidence:

We will in this chapter base our views on what is cur-
rently known about the effects of fluorides on developing
and erupted teeth to derive at a rational way of advocating
the use of fluorides in contemporary populations. Fluoride
(F°) can have both beneficial and detrimental effects on the
dentition. The beneficial effect is due primarily to the local
(topical) effect of F- on the tooth surfaces whenever these
are covered by a biofilm after the teeth have erupted into thF
oral cavity (for mechanisms of action see later in this
chapter and also Chapter 9). In contrast, the detrimental
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effects of F~ are due to its systemic absorption during tooth
development, resulting in dental fluorosis, which is a
hypomineralization of the enamel the degree of which is a
direct reflection of F~ ingestion during tooth formation. If
we can maximize the intraoral exposure throughout life and
minimize systemic absorption during the period when the
dentition is developing, F- can be used to maximize the
benefits of fluorides in caries control whilst at the same
time minimizing the risk of fluorosis.

This chapter is divided into the following major
headings:

» Fluoride in caries prevention and control

» Cariostatic mechanisms of fluoride

« Dental fluorosis and metabolism of fluoride

o The effectiveness of fluorides in the control of dental
caries: evidence from systematic reviews

o Rational use of fluorides in caries control:
recommendations

Dental Caries: The Disease and Its Clinical Management, Third Edition. Edited by Ole Fejerskov, Bente Nyvad, and Edwina Kidd.
©2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
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Fluoride in caries prevention and control

It was in fact the detrimental effects of F~ on the appearance
of tooth enamel (dental fluorosis) that prompted the initial
detailed investigations and ultimately the discovery of its
anticaries benefits [73]. Probably black, discolored teeth
have been found as long as man has been living in areas
with elevated F~ content in soil and water. For example,
Galen (131=201 aDp) noted that dental caries ‘do not attack
teeth having a dark yellow colour, although orie would have
expected the contrary’ according to a translated text by late
professor D Lambrou from Thessaloniki.
But the association between F- and ‘mottled enamel; as it
was first designated, became clear in the beginning of the
20th century thanks to two American dentists:DrFredrick
MeKay and US Public Health Officer H Trendley Dean.
Subsequently, the positive association between elevated
exposure to F~ and decreased prevalence of caries cavities
became known. In Europe, however, Denninger in the latter
part of the 19th century prescribed calcium fluoride (CaF))
to children and pregnant women and observed ‘great bene-
fits’ to their teeth [28].

In 1901; McKay worked in Colorado Springs, Colorado,
USA, and noticed that some of his patients had what was
locally known as iColorado brown. stain. In subsequent
years he turned for help to Dr Greene Vardiman Black (see
Chapter 19), one of America’s most eminent experts on
tooth enamel. His histological investigation of the
condition ‘Mottled teeth. An endemic imperfection of the
enamel of the teeth heretofore unknown in the literature of
dentistry’ [17] drew the attention of the dental research
community to the condition. One thing that puzzled both
Black and McKay was that although mottled enamel was
clearly hypocalcified, and therefore theoretically more sus-
ceptible to decay, this did not appear to be case [119].
Coincidentally, Ainsworth [2] in England made a sirnilar
observation.
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These high levels were later confirmed in other t.ownsd ?Zlhere
mottled enamel occurred [34]. Thgse OPSCI’V&thns id not
establish a cause-and-effect relationship. However, Wh.en
McCollum et al. in 1925 reported that rats fed a (‘het with
added F developed hypomineralized teeth, the etiology of

mottled enamel was clearly established {117].
tic animal experiments and human

In the 1930s, systema d |
i i ical studies established both the association and
epldemmloglca n fluorides in drinking

cause-effect relationship betwee

waters and mottled enamel (since referred to as dental
fluorosis). The epidemiological studies were per.formed by‘ a
eam led by Dean [44, 47, 48] (Dean'ves also interested in
-the=apparent--an0malY- that although the enamel appeared to
be-hypomineralizedit didnot appear to be any more suscep-
tible'to decay. He initially undertook a small study involving
114 children who had used water containing 0.6-1.5 ppmF"
and found only 4% were caries free compared with 22% of
122 children in an area with drinking water containing 1.7-
2.5 ppmF~ [45]. A further larger study suggested that caries
experience i two cities: with- water supplies- containing 1.7
and 1.8 ppmE~ was ‘half-that of two similar adjacent cities
with-only 0:2-ppmi F-in the drinking water [49].

The association between the F~ level in the drinking
water and caries levels was then characterized in the 21 city
study’ (actually a series of studies [50, 51]. Children from
cities with natural F- concentrations in their drinking water
ranging from around zero up to 2.6 ppm were examined
and the results of this classic piece of epidemiological
investigation of both fluorosis and caries experience are
summarized in Figs 14.1 and 14.2 [46].

It became clear that the condition

4+ Questionable, very mild, mild,
moderate or severe

Very mild, mild, moderate
or severe
4 Mild moderate or severe

"2 Moderate or severe
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Mean DMFT

Drinking water ppm F

Figure 14.2 Mean number of decayed, missing, and filled teeth {DMFT) and
£~ concentration of the drinking water from the 21 city study [46]. (Public
domain.}

Dean’s index [43, 45, 46] classifies fluorosis as question-
able, very mild, mild, moderate, and severe. The prevalence
of subjects with lesions of any severity is about 50% at the
level of 1 ppmF- or less in the drinking water (Fig. 14.1).
However, it is also interesting to note that the less severe
forms of fluorosis {questionable and very mild) account for
most cases and there is a very clear dose-response relation-
ship between the F~ level in the drinking water and the
prevalence of fluorosis even at levels of F~ in the drinking
water below 1 ppm. Therefore, even at low levels of F~ in the
drinking water there was some risk attached to use of F~ (for
details, see later in this chapter).

The use of the term ‘questionable’ to describe the earliest
dlassification Jevel in Dean’s index has been the source of
much controversy over the years as the dental profession
has tried to eliminate this category, claiming that it reflected
avariety of other types of enamel changes not caused by F~.
However, Fig. 14.1 clearly demonstrates that there is a
strong dose-response relationship between this category of
defects and the F- concentration of the drinking water.
Moreover, ifn"1983, Myers reviewed the available literature
regarding the ‘questionable’ category of dental fluorosis
and demonstrated that it was & distinct entity-associated
with B [124].

The association between F- levels in the drinking water
and dental caries in the 21 cities is shown in Fig, 14.2. At the
time there was a dramatic reduction in caries as the F~ level
in the drinking water increased up to 1 ppm. Beyond this
level, the mean decayed, missing, and filled teeth (DMFT)
continued to decrease but at a much lower rate. At the level
of F* of 1 ppm the average number of decayed, missing, or
filled teeth had reduced by more than 50%. However, when
Studying this graph we should consider whether the
apparent plateau is an artefact of the recording method or

Population observed. The recording method was PMFT,
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but the average DMFT (see Chapter 4) is a very FF“de
t able to reflect sensitively
measure and by its nature no 1 records caries
changes at the lower end of the scale. It on‘y oty 3
when lesions have reached cavity level; as such, it is insensi
tive in identifying benefits in arresting engmel lesions. -

Dean gave much thought to the question O.f what might
constitute ‘the optimum level of F7 in drinking wat.er
supplies; that is, the concentration of F~ that wov.fld result in
maximum ‘caries protection’ while causing minimal dental
fluorosis. Based on his studies on ‘the minimal threshold of
chronic endemic dental fluorosis, Dean concluded that
‘4mounts not exceeding 1 part per million expressed in
térms of fluorine are of no public health significance’ [471.
As was stressed when dealing with Fig. 14.1, Dean’s personal
assessment ‘of no public health significance’ was not synon-
ymous with saying that no dental fluorosis occurs in the
population. Also, the relationships between perceptions of
dental appearance and oral health-related quality of life and
dental fluorosis were not assessed at that time. Nevertheless,
these- reflections resulted in- the widespread- adoption of
1-1.2 ppmF-inthe USA as an-‘optimal Jevel in the drinking
water-(for further discussion, see later).

The strong association between the F- level in the
drinking water and caries levels were based on cross-
sectional study designs. Therefore, in order to establish a
cause-and-effect relationship, intervention studies were
required, and these commenced in the Lake Michigan area
in 1944. Two towns were selected, Grand Rapids and
Muskegon; and baseline caries levels in children aged
4-16 years were recorded. In addition, caries levels were
recorded in Aurora, Illinois, an area with naturally occur-
ring F~ in the drinking water at the level of 1.4 ppm. At the
start of the study caries levels in the two Michigan cities
were similar [52]. F~ at the level of 1 ppm was then added to
the drinking water of the city of Grand Rapids in January
1945, and caries levels were recorded again after 6% years of
fluoridation. Ifi ‘mon=flueride’ Muskegor: the average
number. of teeth with decay experience was 5.7; compared
with 3.0 in ‘fluotidated” Grand Rapids [7). The study was
deemed so successful that it was decided to fluoridate the
drinking water of Muskegon. After 15 years of fluoridation
in Grand Rapids (Fig. 14.3) the number of teeth with cav-
ities had fallen from 12.5 in 1944 to 6.2 in 1959, a reduction
of approximately 50% [8]. Caries levels in Grand Rapids
were now very similar to those experienced in Aurora, the
naturally fluoridated city. This outcome was replicated in a
number of studies throughout the USA and a few in other
parts of the world. The Dutch Tiel-Culemborg studies by
Otto Backer-Dirks and his collaborators were of particular
importance [9] because the original data were available
decades later when the artificial fluoridation of the drinking
e s R e it

nfirmed the changed concepts on the
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Figure 14.3 Dental caries in Grand Rapids children after 10 and after 15
years of fluoridation (- ——— - ), in Grand Rapids before fluoridation (—) and
in the natural fluoride area Aurora (------- ).

Although it is hard to think how these original studies in
the USA could have been improved, some criticism can be
made of the approach taken by Dean and his coworkers.
Probably the most important is the possible bias introduced
by the fact that the F~ level of the site investigated was
known before the examinations were conducted (a problem
which of course has been present in most other studies of
the same kind). This might have resulted in a tendency to
underscore fluorosis in later studies in different parts of the
world, in particular when applying Dean’s classification
without including the ‘questionable’ category - or having
had examiners not trained in the diagnostic characteristics
of early signs of dental fluorosis. A similar bias could also be
made in relation to the caries studies and the benefits may

have been overestimated.

By the middle of the 20th century there was thus much
enthusiasm about the possibilities for caries prevention
using fluorides. During that periodsim Buropein particular,
the caries situation was overwhelming, with nunerous
tooth extractions amongst. children; so attempts to intro-
duce ‘the American concept’ of adding #* to-the water
supplies were made in a few countries as exemplified in
Holland. Similarly, it was introduced in Brazil. The concept
of an ‘optimum F~’ consumption was further advanced.

During these attempts, Hodge [91] presented the results

of logarithmic transformations of Dean and coworkers’ car-

ies data and averaged index values of Dean’s original scores
of dental fluorosis (Fig. 14.4). It is now appreciated that this

Grand Rapids 1944-5

~ Boy moving from
Grand Rapids to Aurora
at his 11 year birthday

DMFT

Aurora 1945-6

L e T T D

5 10
Age (years)

Figure 14.4 Dental caries in Grand Rapids before water fluoridation and in
he water supply. The dashed line indicates caries pro-

Aurora with fluoride in t _ :
gression in a boy moving from the non-fluoride to the fluoride area on his 11th

birthday [107]. Reproduced with permission of John Wiley & Sons.

way of manipulating data is inappropriate (see later and
Fig. 14.19). In a personal discussion (OF) with Hodge in
1982 he fully appreciated that, at the time, he was carried
away when making this transformation of the data.
However, from a public health point of view (and it appealed
to the layman) it gave rise to a very convincing plot of data
which indicated that children born and reared in areas with
a F content in water supplies below 1 ppm would only
experience a prevalence and severity of fluorosis that was
considered of ‘negligible biologic (aesthetic) significance’
Moreover, the mean caries experience recorded from the 21
city studies indicated that a maximum caries reduction was
obtained around the concentration of about 1-1.2 ppmF-
in water supplies (Figs 14.5 and 14.6), so the ‘optimum level
was determined as the level of concentration of F~ in water
supplies that gave maximum caries reduction while causing
minimal dental fluorosis of no concern from a public
health point of view. This estimate of the optimal water F-
concentration was subsequently used to determine the
f\mount of F- that should be given in other systemic F reg-
imens, s‘uch as tablets, vitamin drops, salt, and so on that
became introduced in populations where health authorities
would not allow artificial fluoridation of water supplies. For

dose considerations and consequences, see later in this
chapter.

The concept of thehnec‘essity% of ingesting F-

‘Lhe concept of the necessity of ingesting F~ was based

gn xﬂ}e belief that P~ exerted its anticariogenic effect pre-
qm;flani;}y by bgcom;ng:mco‘rporated into the crystals in
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jesion P,-(,grcssion. The mare porous an enamel surface,
{he deeper the porosities where Ca¥, may form. These
mac;céssible microporous environments in enamel caries
lesions may thus act ds reservoirs for CaF, for prolonged
eriods-(i.€ months) [22]. This slow-release mechanism
pmbabl)' explains  the caries-reducing effect  of
concentrated topical F~ treatments provided by dental
sersonnel.

We can conclude that to obtain a significant caries
reduction using F~ the ion has to be present in the oral
fuids at slightly clevated levels regularly during the day.
This may be obtained from water, toothpastes, and several
other vehicles - but remember, caries is not the result of
E deficiency. F alone is not sufficient to obtain maximum
caries cantrol (see Chapters 9 and 16). Because F~ in tooth-
paste is applied concomitantly with removal/disturbance of
the biofilms — if used appropriately, which is a major
obstacle — it is the best possible way of obtaining maximum
caries control. As will be apparent from the efficiency
considerations later in this chapter, other vehicles (anzi
protocols) may be chosen depending on the populations
you are serving. Therefore, there is not one — and only one -
program to be recommended to all individuals, and in all
conumunitics.

Dental fluorosis and metabolism of fluoride

In order to appreciate the clinical characteristics of dental
fluorosis, it is important to understand the underlying his-
tological features of the pathological changes in the tooth.
The earliest manifestation of dental fluorosis is an increase
in enamel porosity along the striae of Retzius [69]. With an
increased exposure to F during tooth formation, the
enamel exhihits an increased porosity in the tooth surface
along the entire toath surface (Fig. 14.10).

Figure 14.10 Ground sections of teeth examined in transm .
enamel. With increasing severity this zone of porosity extends deeper into the enamel (b)
along the entire tooth crown (¢) and in the cervical areas extends to t

{0

itted light. Notice how the early stages of dental fluorosis

This porosity, which isa result of a byp»(»n}jnera?ijtatx’().n
of the enamel, can be seen in microradwgmpl\s. 1@111}1) 1'1\
amel (Fig. 14.11)- Hypominemhmlxon is
very different from hypoplasia. The normal slrucu.lrc otrthc
enamel remains but the tissue is less well mineralized. [‘_\fu:
extent and degree of hypomineralization increases with
increasing ¥~ exposure during tooth develop'ment.' In
hurhans, the most severe forms of the hypommerahzed
lesion extend throughout the enamel almost to the enamel-
dentine junction in the cervical third of the crowns
(Fig. 14.10c), whereas in the occlusal two-thirds of the

the subsurtace ¢n

teeth the band of hypomineralization extends more than
halfway through the enamel. Such severely hypomineral—
ized enamel will be very fragile; hence, when the tooth
erupts, surface damage may occur due to mastication, attri-
tion, and abrasion (Fig. 14.12). Itis important to appreciate
that in humans Fhas not been documented to cause true

Figure 14.11 Microradiograph showing extensive hypomineralization of
fluorosed enamel deep to a well-mineralized surface zone. Note incremental
lines of Retzius. This represents a score of 4 according to the TF index.

, {a) exhibit a porous zone in the outermost
, and in very severe cases the porosity extends deep into the enamef tissue
he enamel-dentin junction.

_

W

c)
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Figure 14.12 TF sccre 4 represents entirely white opaque enamel (see lower
canine). As a reflection of the extension of subsurface hypomineralization, part
of the surface enamel may break away posteruptively, creating TF scores 5-7.
Brown discoloration of the porous enamel, which has occurred posteruptively,
is also visible.

Figure 14.13 TF score 1: the earliest clinical sign of dental fluorosis appears
as thin, white, opague lines rurniing across the taoth surface corresponding to
the position of the perikymiata.

Figure 14,14 In addition to the thin, white, opague lines, the earliest signs of
dental flucrosis may include smal, opaque, white areas along cusp tips, incisal
edges, or marginal ridges.

e

{he characteristic pits. bands, and loss

. astic changes; :
hypopla 5 namtel occur posteruptxvely and are

ol extensive areas of ¢
not true hypoplasias.
ity of the

Clinically, the porosi fluorosed enamel reflects

itself as opacity of the enamel. T-hus, £ '—indlllf'e(} eIl'fllﬂcl
changes at tooth eruption range from thin, white, op.._lque
lines corresponding to the perikymata running af"f“f the
tooth surface, to an entirely chalky white surface (Figs 14. 1 3,
14.14, and 14.15). Depending upon the degree of hypomin-
eralization, this chalky white enamel may th?“ d.‘"‘“ge
posteruptively, due 10 mechanical damage, resulting in the
more severe forms of fluorosis. .

Dear’s way of classifying dental ﬂuorosxs was based
entirely on his interpretation of clinical appearance. ‘ In
1978, Thylstrup and Fejerskov proposed a way of record}ng
dental fluorosis (TF-index) based on the histopathological
features of the various degrees of dental fluorosis [169]. It is
important to stress that the TF-index is a logical extension
of the classification principles originally proposed by Dean;
but, as would be expected, with a greater understanding of
the underlying pathology, it is a more precise description of
how to record early signs of fluorosis, as well as the more
severe grades. Thylstrup and Fejerskov have ranged the
severity of fluorosis in scores from 0 to 9 (Table 14.3 and
Fig. 14.16).

This so-called TE-index represents a measurement on an
ordinal scale and, therefore, should be considered only as
an arbitrary point along a continuum of changes of the
enamel. It is useful to compare the description found in
Table 14.3 with the illustrations in Figs 14.12, 14.13, 14.14,
14.15, 14.17, and 14.18, where we can see that each score
encompasses a small spectrum of fluorotic changes. It
should be appreciated that if a child has been exposed to
highly varying levels of F~ during the long-lasting period of
tooth development, the intraoral distribution of fluorosis
severity will be different to one who has been exposed to
more constant F- levels throughout the first 10-12 years of
life {73, 102, 170]. The TF-index is the most appropriate

Figure 14,15 InTF score 2 the opa hite .
que white line
frequently merge to form wider bands, R e
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Table 14.3 The Thylstrup~Fejerskov index.

i

1F scofé
The normal transtucency of tt el 4

0 gl Bretihin SEJ’I ru;:ﬁ 9|055y creamy-white enamel remains after wiping and drying of the surface B

! erikymata. In some cases, nghaf'oss the tooth surface. Such fines are found on all parts of the surface. The lines correspond to the position of the
?he opaqué R aré ?nso‘ri ; snowcapping' of the cusps/incisal edges may also be seen -

2 : ronounced and frequently m ; ole surface. ‘Snowcapping’ of the
incisal edges and cusp tips is common q y merge to form small cloudy areas scattered over the wh

ing of the white i ) "
3 Merging white lines occurs, and cloudy areas of opacity occur spread over many parts of the surface. In between the cloudy areas, white lines

can also be seen

The entire surface gxhlblts a marked opacity, or appears chalky white. Parts of the surface exposed to attrition or weat appear to be less affected

The entire sgrface is opaque, and there are tound pits (focal loss of the outermost enamel) that are less than 2 min in diameter

Thﬁ‘ small pits may frequently be seen merging in the apaque enamel to form bands that are less than 2 mm in vertical height. In this class are also
mcludgd surfaces where cuspal and facial enamel has chipped off, and the vertical dimension of the resulting damage is less than 2 mm

There is a loss of the outermost enamel in irregular areas, and less than half the surface is so involved. The remaining intact enamel is opaque

The loss of the ou_termost enamel involves more than half the enamel. The remaining intact enamel is opaque

The loss of the major part of the outer enamel results in a change of the anatomical shape of the surface/tooth. A cervical rim of opaque enamel is often noted

(=2 BRI

~a1

o o

Fram Fejerskov et al. (73], as modified from the original work by Thylstrup and Fejerskov (169}.

s

Figure 14.17 In TF score 3 the entire tooth surface exhibits cloudy, white,
opaque areas between which accentuated perikymata lines are evident.
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dental fluorosis  Figure 14.18 Another example of TF score 3 with the addition of posteruptive

Fi : . inical features of
igure 14.16 Diagrammatic illustration of the clinica g ctaning of the porous enamel.

from the mildest form (TF 1) to the most severe (TF 9). Compare wit

(4]
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way to classify the biological severity of fluotosis as it accu-
rately reflects past F~ exposure. In a later secti.on of this'
chapter on effectiveness of fluorides, the term fluorosis of
aesthetic concern is introduced. This is highly subjective and
reminiscent of the days where Dean talked about ‘no public
concern. What is considered an aesthetic concern varies
extensively from country to country - and often it is differ-
ent in girls and boys. Therefore, when included in reviews it
may give doubtful information which may lead to later mis-
interpretation and debates which should be prevented. An
example: once, the first author was invited to a department
of pediatric dentistry in the USA to calibrate the staff on
how to record dental tluorosis — which the staff claimed was
very rare in the county. He took with him a small handbook
for health-care workers {73}, and when the staff was looking
at the pictures one said: ‘we thought that it was natural
to have these white teeth because everyone here looks like
this - if this is the case we are having a high prevalence!”

Fluoride dose and dental fluorosis

It is remarkable that Dean’s original data showed that the
systemic effects of F~ on dental enamel were manifest even
in comrnunities exposed to concentrations of F below
1 ppm. Thus, the claim that water F~ concentrations around
1 ppm are ‘of no public health significance’ was for Dean
not synonymous with saying that no dental fluorosis occurs
in such populations.

‘Generally, any pharmaceutical product should be
prescribed in relation to the body weightof the individual.if
its effect is systemic, but this does often not apply to F*
because its anticaries effect is local and not immediately
concentration dependent, although the higher the-concen-
trations in 4 toothpaste the longer time elevatéd Fr concen-
trations prevail (see ‘Cariostatic mechanisms of fluoride’
section). However, the F~ effect causing fluérosis is systemic
and a dose-tesponse effect would be-expected. The use of
water F~ concentrations has made attempts to produce valid
estimates of a dose-response relationship between F-
ingestion and dental fluorosis difficult if weight and
consumption are not considered. An accurate estimate of
fluorosis severity can only be made in children when the
permanent dentition erupts; hence, there is a considerable
time lag between the F~ exposure during tooth formation
and the measurement of the effect (dental fluorosis). In
addition, no firm agreement exists as to how much F-
ingested from foods is in fact absorbed [166]. The bioavail-
ability of F~ once ingested is relatively uncertain since the
F~ compound in question and the contents of the stomach
will determine the relative absorption of F~ by the

organism. Therefore, the data about dose (expressed ag
mg F/day per kilogram body weight) for.chiildren from diet
or dentifrice are dose of ingestion and do not reveal the
fraction|of F- ingested that is.in. fact-absorbed (bioavaildble

fraction). I}‘ulf_tl}ejr\nore;nthgﬁfs_u’gg_est@;@ﬁg@g@j@@éﬁ__@ﬁ-ﬂ@@ﬁ y -

m body weight [25] to give

0.05-0,07 mg F-/day per kilogra e fluorosis has been

. 4 -
the anticaries benefit and min

to be useful [116, 17?]. LN |
Sh?{mﬁirodespue all these difficulties, i1 highly relevant

to make use of the epidemiolog@ StUdleS. thrﬁ?gi‘)zlt‘:vetz;
world which have shown a positive relatlfclms ;;S T

the water F- content and severity of den'Fal uoro t-m,t; f
103, 108, 148, 169]. In an attempt to deru./e at a? es xte q e.o

average water intake, daily consumptlon‘ 0d water lzvas
related to air temperature, and Galagan.an hcowor. ers
developed an equation that could fiescr'xbe t. e average
water intake in relation to body weight in §h11dren as a
function of air temperature [79-81]. F'or details on how to
use these equations and calculate daily dose o.f B ffrom
drinking water, F~ tablets, and so on, the reader is referred
to Fejerskov et al. (76]. When data from. three large
American epidemiological surveys conducted in the 1940s,
1960s, and 1980s are presented in such a way that the
relationship between the average fluorosis score .and c.laxl.y
F dose is calculated, a clear dose-response relationship is
seen (Fig. 14.19) - for details concerning calculations, see
[74, 75]. The following can be seen:

« Regardless of the source of the data, the regression of the
fluorosis community index F. (Dean’s way of averaging)
on the daily dose of F~ from drinking water clearly dem-
onstrates that even with very low F~ intake from water a
certain level of dental fluorosis will be found.

« The dose-response relationship is clearly linear and the
data indicate that for every increase of the dose of
0.0mgF- per kilogram body weight we can anticipate an
increase in dental fluorosis in a population. Thus, there
exists no ‘critical’ value for the F- intake below which the
effect on dental enamel will not be manifest.

» When the data originating from three distinctively dif-
ferent generations in the USA are examined - and hence
a very different exposure to diet, commodities, and
F--containing dental products - there is no indication
that the additional sources of F- occurring until the mid

1980s have led to an upward shift of the dose-response
curve.

 When these data are kept in' mind, it is to be expected
that whenever more F- is ingested in the form of tablets,
salt; drops; tosthpaste, and so on that both the prevalence
@n'd'ﬁﬁf'{él‘i_t}? of dental fluorosis in,,e,x‘po_ptﬂatien" will increase.
Such an increase is not to be blamed, for .example; on the
F~ content per se in toothpastes, but is a simple reflection
that dental fluorosis is a result of the tota] ingestion of fluo-
rides during tooth development irrespective of the source of
the . The sonsequenge of s, o course,is thatif the water
ivany given avea contalns:above 0.5 ppm F- it is not accept-

Systemiic use in.such a

able uncritically to add further - for
( fl?urjchermore, the estimation of an
nceritration based on daily temperature

population (e, salt).
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Figure 14.19 Relaticrisnip between F, and daily F- dose pooling data. Sources: (a) (44, 45]; (b [26]; (c, d) [148]. Al data sets pooled as presented by Fejerskov

etal. [74,75].

seems not to be valid for tropical regions when additional
fluids are consumed and higher daily F- intake is estimat‘ed
(106]. Therefore, in tropical countries having water with
natural F- concentration as low as 0.5 ppm, a higher preva-
lence and severity of dental fluorosis should be expected if
the population simultaneously is using fluoridated salt;
Colombia is a good example.

Calculations of this type are useful, for example, w.hen
interpreting the effect of giving F~ tablets to a population.

us, when considering the effect of different F- tablet dose
fegimes in the USA [1] and in Sweden [86], it is apparent
that, had these dose-response curves been generatf.:d at the
time when the F- tablet regimes were developed, it would

have been possible to predict the subsequent level of
ﬂuOrosis.

It is also important to understand that, if we assume a
constant dose of F-, the effects of F- are cumulative; hence,
the longer the teeth undergo mineralization the more severe
the fluorosis will be. Figure 14.20 shows data from a very
low F- area [101]. The highest prevalence and severity of
fluorosis is seen in the second molar teeth, whilst the
prevalence and severity in the first molars erupting 6 years
earlier is much lower.

Figure 14.19 shows the linear relationship between daily
F- dose and fluorosis prevalence, over the dose range
0-0.1 mg per kilogram body weight. Therefore, even very
low levels of F~ ingestion (0.02 mgF per kilogram body
weight) constitute a small rigk of fluorosis, We can also see
that an ingestion of 0.1 mgR per kilogram body weight per>‘
day would almost certainly result in a significant risk of
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in the order of mineralization. The data originate from children born an
maxillary teeth; —: mandibular teeth.

developing the more aesthetically compromising forms.
There is only a risk of developing dental fluorosis when the
dentition is developing (from before birth to almost 20 years
of age). Fromra-cosmetic point of view; the permanent upper
central incisors are particularly at risk between the ages of
wjﬁﬂ. This can be explained when consid-
ering the data from Richards et al. [145] suggesting that
dental fluorosis in humans results predominantly from a
disturbance of enamel maturation. Although the weight of
young children is highly variable, a 2-year-old child might
be expected to weigh approximately 12 kg. We can therefore
estimate that a F~ ingestion of 1.2 mg/day would constitute
a very high risk of developing aesthetically compromising
forms of fluorosis for a 2-year-old. As infants get older and
heavier, the risk of fluorosis moves to the more posterior
teeth, and because of the greater body weight the dose of F-
required to be ingested would be more. For example, a 5-6-
year-old weighing approximately 20 kg would need to ingest
approximately 2.0 mg. But at the same time, it should be
remembered that the steady-state level of F~ in plasma will
increase with age; so, if a child has been exposed to F from
birth then such a child is likely to be more at risk than a
child of the same weight who has not been lifelong exposed.

Calculations of F- ingestion, although usefil, ar

to many errors and must be. treated with pauti‘o‘xi..\

Figure 14.21 represents the amounts of toothpaste (grams)
required to be ingested to constitute an intake of 0.1 mgF-
per kilogram body weight for 12 and 20 kg children
Covering the head of a child’s toothbrush would constitutc;
an application of approximately 0.5-1 g of paste, and for a
standard-head toothbrush it would be approximate}

1-1.5 g of paste. It can be seen, therefore, }
brushing twice daily may be in contact with sufficient F- to

constitute a risk of dental fluorosis, particularly when using - '

TF score 1

ibiti i dingtot
: ‘ ' iting dental fluorosis accor :
P o Rt T A i ko i d raised in an area of Denmark wit

that children

TF score 2

he tooth types are ranked from left to right
0.1 ppm F~ in the drinking water [101]. +;

he TF classification. Tl
h less than

Toothpaste (g)

R
i

0.5

5-6-year-old (20 kg)

2-year-old (12 kg)

Figure 14.21 Daily amounts of toothpaste (grams) required to be ingested to
constitute an intake of 0.1 mgF-/kg for 12 and 20 kg children for three differ-
ent F- levels in toothpaste (1500, 1000, and 500 ppmF-).

toothpastes containing the higher levels of F-. Young chil-
dren tend to swallow a greater percentage of toothpaste
than older ones [104], with 2-year-olds swallowing on
average half the toothpaste used and 6-year-olds swallow-
Ing one-quarter (Tables 14.4 and 14.5). Therefore, we
Must, on average, multiply the amounts shown by factors
of 2 an.d 4 for the 2-year-old and 5-6-year-old children
respectively,
; ;?ha:jtgmr‘lﬁ t(lile amount of F~ absorbed from ingested
ingest}Zon aVleth epend on the gastric contents at time of
i A d the type of toothpaste. Toothbrushing is usu-
y conducted after meals, and this can significantly

PFig, 14, e Paste ingested on fasting
l()e goxi:ij:zécﬁf}% ’atr‘vdm 8 ,tOOthPaSte composition, it should
I at many affordable toothpastes are formu-

r‘asiVe agent, and with MFP
tmulations, about 20-30% of F is

as the B~ galt. In thege fo




Jable 14.4 Amount of dentifrice used per brushing (grams) or F- per brushing
(milligrams)” by age.

—
ol Age range (years)
-3 4 5 6-7 8-10 11-13 1635
meman [65)° 0.45 0.45
Hargreaves et al, [88]° 0.38 1.10
garnhart et al. [11)t 0.86 0.94 1.39
Glass et al. [83]° Uy
powell [55° 55
pruun and Thylstrup [21] 0.55¢ 0.75°1.10¢ 1.55¢
simard et al [156)° 046 0.78 065
Naccache et al. [125]° 0.50 0.47
Noccache et al, [155] 055 045 052 050
Mean value 058 0.56 050 0.661.07 110 1.5

13
® B @ @ e @

(no. of studies)

Source: {147].

+1f one assumes that the dentifrice contains 0.1 {1000 ppm), then the
ingestion of x g of dentifrice results in the ingestion of x mg of fluoride,
eSupervised dentifrice use study.

sHome-use study.

“No attempt was made to controf for spillage of dentifrice,

Table 14.5 Percentage ingestion of dentifrice fluoride by age.

Study Age range (years)
-3 4 5 67 810 11-13 16-35

Fricsson and Forsman [65)¢ 30 26

Hargreaves et al. [88]® 28

Bamhart et al. {11]° BS 14 6 3
Glass et al. [83]? 12¢

Simard et al. [156]° 59 48 34

Naccache et al. [125]° 4 30

Naccache et al. [126]° 57 49 42 34

Mean value 482447 =R34% EobRa1D 6 3
(no. of studies) (6)L R (3Y(4) = (3} R ) (1)
Source: [132].
*Supervised dentifrice use study.
*Home-use study.
*No attempt was made 1 control for spillage of dentifrice.

bound to calcium, being insoluble and not absorbable.
Therefore, if total ¥~ in such formulations is considered to
caleulate the dose to which children are exposed by inad-
vertent ingestion during toothbrushing, a dose twice as
high would be found when compared with a formulation in
which all F- is sojuble (e.g., a silica-base, NaF toothpaste).
However, if only the soluble (bioavailable) F- fraction in
both types of formulations is considered, the bioavailable
dose would be similar [133] (Table 14.6). Unfortunately,
this has not been considered when the risk of fluorosis by
toothpaste ingestion is discussed; and as most publications
Overestimate the effect of toothpaste alone or the relative
contribution of F- toothpaste to total daily F- ingestion
Y young children, this has had implications on the
*¢©mmendations of toothpaste use by children [66].

i itability (%)
Bioavatia pl o

7

B 1100 mg F/g/fasting
1100 mg F/g/breakfast
B 100 mg F/g/lunch

100 mg F/g/fasting

[ 100 mg Fig/breakfast
100 mg F/g/lunch

Dentifrices/gastric content

Figure 14.22 Bioavailability of F- ingested from toothpastes, depending on
the content of the stomach. From [42].

Table 14.6 Estimated dose of F- {mgF-/kg body weight per dgy) to'which a
sample of Brazilian children were subjected during toothbrushing with MFP/
CaCo, or Nafisilica formulations, based on total or soluble F- concentrations

in toothpastes (mean + SD).

Dose based on F- concentration

Toothpaste formulations
determined in toothpaste

Total £~ Soluble F-
MFP!CaCO; {n=80 children) 0.074+0.007 0.039+0.005
NaF/silica (n=79 children) 0.039+0.003 0.039+0.005
All (n=159 children) 0.057+0.004 0.039+0.003

From [133].

*MFP/CaCO, toothpastes formulated with a higher total F- concentration
(1500 ppm F-) but with similar soluble F- concentration (1000~1100 ppmF-)
when compared with NaF/silica toothpastes {1000-1100 ppmF).

Tables 14.4 and 14.7 show that the amount of toothpaste
children use is fairly consistent between the agesof 2 and 7.
This has important consequences for fluorosis risk. Young
children not only swallow more toothpaste and are often
not supervised when brushing, but they also are at greater
risk of fluorosis as their body weight is lower than older
children. Therefore, we must be particularly cautious when
using F~ toothpaste in the youngest children and ensure
that small (pea-sized or in Brazil rice sized!) amounts are
used and they are encouraged to spit out the waste tooth-
paste slurry as efficiently as possible [14, 15].

Although the quantity of F- swallowed from toothpaste is
not as high as often anticipated, F- in toothpaste will add to
an increase in overall B~ consumption and hence increase
the risk of developing more fluorosis in populations living
in areas with - in the drinking water or using other forms
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T wE of RN
Table 14.7 Estimated median weights of ¢ i
according to age estimated from twice dafly use of a 1000 ppm F taothpas

and fluoride intake
i (86].

Age  Median weight

Toothpaste use

Toathpaste (Mg Efkg for

ingested 1000ppm
' (okf §h”d ?gir A (%g} F toothpaste)
g
2 1.9 1.16 48 Og;;
3 14.3 1.16 48 0.029
4 16.3 1.12 42 0. s
5 18.3 1.00 34 0.0
6 20.6 1.32 25 0.013
Source [76].

ot systemic F | such as tablets or salt. In regions with fluori-

dated drinking water there are a number of studies report-
ing a relationship between F ingestion from toothpaste
and milder forms of dental fluorosis [120, 134, 137-139,
149, 180]. In countries, like the USA and Brazil, where
water fluoridation is widespread and the use of F~ tooth-
paste is common, the most prevalent degree of dental

fluorosis found is claimed to be ‘mild’ and not of ‘public
health concern’ [31, 53, 123, 140, 141]. Whether a degree of
dental fluorosis is of ‘public health concern’ is very cultur-

| ally dependent. If living in an area with widespread milder

! forms of fluorosis, this is often considered ‘normal’

Where is fluoride found in nature?

F~ is a trace element widely present in the environment.
F" gets into the hydrosphere by leaching from soils and
minerals into ground waters. Volcanic eruptions and dust
storms in areas rich in volcanic rocks add to the F- in the

tmosphere.

most electronegative and- reactive element and is rarely

G \ Owing to-the-small radius of the fluoririe atom; it is the

found in its elemental state. It is most commonly found in
combination in the ionic F-and the electrovalent or covalent
form. Most of the ionic fluorides are soluble in water,
although some, such as CaF,, are only slightly soluble.
Further information is available from the detailed textbook

chapters by Smith and Ekstrand [158] and Glemser [84]

Water is by far the most common natural source of F;

but even in areas with leve
than 0.5-0.7 mg/L, the i
pared beverages and other foods fron
supplies contain higher le
amount of F ingested. So
drinks and mineral water
0.9 mg/L) amounts of F
good source of F-, as are tea leaves,
F bioavailability, A cup of tea [56) o
a F~ concentration of 0.5-4 mg/L,
total exposure of a given population
a thorough knowledge of the -

mportation of com

s of - in the drinking water less

mercially pre-

1 areas where water
vels can add substantially to the
me fruit-flavored, carbonated soft

may also contain significant (0.7~
[38, 152]. Fish is

although
riced tea

a particularly
they differ on
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F ingestion
orption, distribution,

and elimination
Fluoride abs
in the body icularly important in infants as denta}
parncuur when teeth are developing. F' s
l)::l (;fgm plasma to breast milk, even when
1al has a high intake of F', and human
5 ; in very low concentra-

R lian milks contain :
and Ot?‘;.l}lfg;rix; contrast, commercially Preparehd for-
non‘s 0 = me;V have a highly variable F .conten, and if they
e r:lared with fluoridated water, children m;}' poten-

¢ L e
t‘lra(il)f') ixfgest considerable amounts of F~ from this source

l7£;; I'Of)]ﬁtside the scope of this textbook to deal in detail
18

with F- metabolism in humans, butdanY SGE?:; :h‘;:;ld be‘

-ted to-have a thorough knowledge a OLEERER -
expecle d are referred to authoritative texts (see
C"kmetﬁggf a:cll] Whitford [179] for reviews). Following
illgs:i:zn’ soluble F- is rapidly absorbed into the blood
plasma, predominantly in the stf)mach. The stomach con-
tents are important in determining the rate of absorption.
Milk, calcium-rich breakfasts, and even lunch may reduce
the degree of absorption from about 90% to szou'f §0%. T.he
time of F ingestion in relation to meals is critical with
respect to how much of the F- will become bioavailable
[42, 64]. Also, when toothpastes are ingested by children
the amount of F-~ that is absorbed depends on toothpaste
formulation because in those containing calcium in the
abrasive only part of the F- is bioavailable [150].

E-mot absorbed in gastroinitestinal tract is excreted by
feces; which usually -accounts for less than 10% of the
amount ingested-each-day by diet {63]. E is distributed all
over the body by plasma, predominantly as jonic F~. Plasma
F~concentrations vary considerably over the day depending
on the intake of F-. With increasing age, plasma F- levels
gradually increase because there is a direct relationship
bgtween the amounts of F- accumulating in bone, which, as
time passes by, is gradually released from the bone as part of
gg‘; rte;n(:;ie}mg- [135]. There is no homeostatic mecha-
o :tmtalcrll btlhe F _Concentration in any body
afee | in;a;n Th‘OOd F‘ levels are largely dependent
b 4 envn)"onme; asls h‘?ls lll)nportanF implications for the
chapres » 45 Will be described further in this
in I;olz;f‘;:‘&‘;:? fr t%m :ihe Plasma to all tissues and organs

ifferent  types Y»f i egree of blood flow through the
- JPRS O tissues  determines how rapidly

F- ingestion is
fluorosis can On
poorly transporte
the mother or anint

S : - Of particular interes ; '
i Aot st is that the kidney
; corrgé:t;egl?di:as g h}gherl concentration of F- than the
Plasmay 1. 8 concentration jn Plasma (high ratio tissue/
Pasl?la).;-ln“contrast, th j FHOELS

© central nervous system, like




|

/yMJ

dipose tissue only contains about 20% of the concentration
a ipOb v

; a [160].
‘| th‘a t ?;?il:s?ly s[tresged. F- is a highly reactive agent apd
. AZCF:S rapidly with mineralizing tissues. @ver time Ehe
,t—re ;dually becomes incorporated into the crystal lattice
E .‘gT:ure i the-form of ﬂuor'hydroxyapaﬁte. 1t is during the
- f the skeleton, during active mineralization,

owth phase 0 : ' y . ;
ilqt thephighest proportion of an ingested F~ dose will be
14

deposjled. Thus, retention Qf - in infants may be a‘s high as
g0%, whereas in adults;only about 50% of the F~ may be
.. edin the bone.
rer:m::i tll?e bone is not irreversibly bound to the crystals.
Rone in humans constantly undergoes remodeling and F~ 18
thus mobilized slowly from the skeleton. Therefore, when
studving cross-sectional samples, E- concentrations in
sJasma and urine will not only be determined by the
immediate past intake of F~ but also by earlier F~ exposure
and the degree of accumulation of F~ in bone. Moreover,
with age the mobilization rate from bone and how efficient
the kidneys are at excreting F~ will strongly influence such
Jata [62]. Thus, bone might be considered a F~ reservoir
that maintains F° concentration in the body fluids between
the periods that F~ is not being ingested.
£- absorbed and not incorporated in bone is eliminated
mainly by urine during the excretion. If the pH of urine is
low, F~is reabsorbed in renal tubules, returning to the blood
[179]). This mechanism may be important regarding the
chronic effect of F~ because the duration of high plasma
F- concentration is prolonged.

Fluoride concentra tions in teeth

Concentrations of F~ in all mineralized tissues will vary
depending on the actual F~ intake and the length of time
during which such an intake has taken place. The F
concentration.in-bulk enamiel is fairly constant but increases
steeply-at the surface within:the otér F00-m; Recently, this
has been suggested to be a result of the fluctuating pH
changes in the surtace of enamel caused by the ameloblasts
during the long-lasting phase of enamel maturation, which

1.5 - Enamel

/ surface

Enamel-dentin
junction

Fluoride (ppry) x 10°

ral years before eruption
o entin is gencrally shgh::’)é
3 Aily increases a8
gq{eﬂ&n that of bulk ename and usi‘;llgfe;nén w10
gogdeeper into the tooth (Fig- 14.23). i e s
continues slowly throughout life, F

. dentin-pul al interface. "
thItdcc:n lbeieei in Fig. 14.23 that the overall shape

enamel-
p profile from the surface of tbe‘ enamel :F)dtglsehape‘ LB
dentin junction is a characteristic hockeYSI iy L
relative concentrations of F in the differen N
enamel reflect the F- exposure during tooth de.ve %urin
Hence, the higher the dose of F occurring g

, the higher the concentration of F is 1O
gzvefiv(ilpxrie?rtx ename{;. The effect of different levels .O}i
E- exposure can be seen in Fig. 14.24. Clearly, teeth wit
the more severe forms of fluorosis (TF scores 7+8+9)
have significantly higher levels of F~ in the enarr.lel th.an
those with less severe forms, and this difference 1s fnaxn-
tained even deeper in the enamel. T}je_c*orlgeptrw
F- af the outermost su_rt_'ag:gef the '__e_r_lé;md is not onl .‘an
{ndicator omxposﬁﬁe during the d_e}elogmental pezxgq
GFthe tooth but also highly d‘epedaexlglpon pos‘i-erup_ti\fe
changes (see Fig, 14.25).

Once the cramel is fully formed and mineralized, the
F- content in human enamel can only be permanently
altered as a result of chemical traumas to the tooth (dental
caries and erosions) or through mechanical abrasion.
Unless chemical interactions take place with substantial
fluctuations in pH over a prolonged period of time it isin
fact-not easy-to-significantly change the F~ content-in the
surface-enamel- evenafter several topical F~ treatments;
However, the F- concentration in the surface layers increases
whenever de- and remineralization processes are ongoing
[40, 146, 178]. This means that, in cervical regions, where
dental plaque accumulates, F- concentrations will gradually
increase over time, It is also the reason why the surface zone
covering a subsurface carious lesion contains significantly
higher amounts of F~ than the surrounding normal enamel
(Fig. 14.26).

rmanentteethm« ; £
” concentratlon 0

Dentine—pulp
interface

\

Distance from outer enamel surface (mm) .

Figure 14.23 Schemati i AR - g N :
Ao, ematic representation of the F- concentration in enamel and dentin from the ~ e AR WA e
Jects with a fow and higher F- intake. ) reotariy e o’f.th? enfm?‘ 't the dentin—pulp interface for sub-




262 Controlling dental caries BRI
5000 - JTF7+B+9
o——© TF5+6
A——h TR
= TF2+3
il a——18 TFo+ 1!
g ,
Q i
= i
@ 3000 -
= |
2
E !
§ !
S 2000
1000 |
—f
0 T T : : : "
- 10 0 200 300

Depth in enamel (um)
Figure 14.24 Ename} F- concentrations in the outer 300 um of the enamel

for erupted teeth with different degrees of fluorosis. See Fig. 14.16 for expla-
nation of the TF index [146].
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Figure 14.25 F concentration measured in surface enamel in vivo in upper
central incisors at the age of about 7 years {shortly after eruption). The
Foncenuation is the same in central and cervical enamel. However, after 7 years
in the oral environment it is apparent that F- in the cervical enamel {where
plaqug accumulates) increases, whereas it remains unchanged or gradual
drops in central parts that have been exposed to attrition/toothbrushing [144]){

The difference in F- content of enamel formed in low B~
areas (<0.2ppmF- in the water supply) and an area with
about .1 ppm of F~ is so small that it cannot explain differ-
ences in caries experience in populations living in 10w and
higher F- areas. Also, even in the enamel surface, where p-
concentration is ‘maximum it represents only a substitution
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i i i und and carious enamel, The
Figure 14.26 Fluoride concentrations in sound
Iolw?vest concentrations are found in body of the lesion and th'en the sound Pulk
enamel. The surface enamel layer covering the lesion has picked up consider-
able amounts of F- from the surrounding fluids. Madified from [178].

of 5-10% of hydroxyl by F~ ions and it is necessary to have
60% of substitution to form a mineral that is more acid
resistant. Moreover; there is no association between the

F concentration i the surface zone of teeth and the

individual’s caries experience for either the primary or
permanent teeth (Big. 14.27). 7

Pathogenesis of dental fluorosis .

Until the 1970s it was generally assumed that F- caused
dental fluorosis by interfering with the process of enamel
matrix formation and mineralization and that the secretory
ameloblast was highly sensitive to slightly elevated plasma
concentrations of F~. However, microscopic studies of
:lluman‘enam.el [_69, 70} showed that enamel fluorosis was a
ypommerahzat}on of the enamel in an otherwise normal
::ir(l)an}el miaturatxon. Therefore, it was suggested that F~ pre-
minantly affected ename] by retarding the processes of

E}x;z-‘::;ptt}i;ve enamel maturation (7 1]. Moreover, the studies
g at enamel pits resulted from mechanical damage
0 the enamel after eruption o

. f the tooth

h {10, 73]. To test the

ixg 9:3?:;31;? iental ?uomﬁs might be a result of F- delay-
O ;

coworkers (5, 1415r]ma €namel maturation, Richards and

. niatllration only. j
d result i ¢ ¥ in dosages comparable
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Figure 14.27 F- concentrations in the surface enamel of deciduous canines
and dental caries prevalence in the deciduous dentition. No relationship bet-
ween the two is apparent [143]. Reproduced with permission of Karger
publishers.

enamel at the time of eruption. How E ingested in just
slightly elevated concentrations over several years can
influence enamel maturation at-the time of pre-eruptive
maturation is still unknown!

It should be understood that once the full width of
enamel is laid down the enamel is far from fully mineral-
ized. The transformation of soft, protein-rich enamel into
highly mineralized, hard mature enamel isa resalt of growth
in-size-of-the already seeded crystals. Once a matrix is laid
down, the apatite crystals are instantaneously seeded and
mineral increase occurs as a result of longitudinal growth of
the crystals. In facr, in rats it has been calculated that the
enamel contains only about 18-20% of mineral after being
fully formed (see {157] for a review). Following this the
enamel matrix proteins have to be broken down and
removed from the enamel while calcium and phosphates
have to be simultaneously transported into the enamel and
allowed to precipitate onto the growing crystal surfaces.
The hydroxyl apatite crystals grow predominantly in width
and thickness until the enamel contains about 96% mineral
b_Y weight. Eriamel crystals grow very slowly, and pre-erup-

tiveenamel maturation may lastfor several inhumans!
Despite extensive studies on normal enamel maturation in
experimental animals, the processes leading to a fully min-
firalized enamel are far from understood [96]. Therefore, it
is speculative as to how F- in small elevated dosages in
Plasma may interfere with the processes.

In a review, Aoba and Fejerskov [6] discussed in depth
the various possibilities for how F~ ions may influence
enamel mineralization during tooth development. Enamel

Fluoriues ==~

iti - jons promoting
mineralization is highly sensitive trr)SfrteOe :p ;;)ite If)ormation,
i idic precurso S
the hydrolysis of acidic p r : gt
succh Z,s octzcalcium phosphate. This results in precip
of fluoridated apatite crystals.

s of fluorides in the cont_ro\

The effectivenes ; systematlc

of dental caries: evidence fro
reviews
jve systematic reviews on fluo-

rides for caries prevention and control has cqme'to occlllp);
a key position between research and practice 11 the daS
decade. As reliable summaries of accumulated knowle' ge»
they inform decisions, are the basis for recqmmendathns
about the appropriate Use€ of F--based caries prexfent.lve
interventions, and are making clearer the scientific )usiuﬁ—
cation for future research on the subject. Cochrane reviews
are systematic reviews that employ rigorous res‘earch
methods and are published in full in The Cochrane Lzbr.ary
(http://www.thecochranelibrary.com) following a detailed
editorial process that is common to all reviews. Cochrane
reviews have answered important questions regard'mg the
effects of F~ on caries prevention. Consequently, they have
become very influential as 2 foundation for preventive prac-
tice and policy in dentistry.

The UK National Health Service (NHS) Centre for
Reviews and Dissemination’s (CRD’s) review of the effects
of water fluoridation was the first systematic review under-
taken on the subject. This systematic review was set up by
the University of York and is colloquially known as the York
review. It was conducted as an open process and to the
highest standards [118]. This review has shown that
research carried out over the past half century has been of a
much lower methodological quality than had previously
been reported. This review pointed out that the evidence of
a benefit of a reduction in dental caries should be consid-
ered together with the evidence of an increased prevalence
of dental fluorosis, and that there would continue to be a
need for high-quality studies providing more definite
current evidence on the effects, both positive and negative,
of water fluoridation. The findings of this review published
in 2000, which have been interpreted in quite different ways
on both sides of the fluoridation debate, reinforced the
importance of systematic reviews of the large body of exper-
imental evidence on the effects of all the main forms of F~
treatments used for caries prevention/control.

e o QE Cochrane. systematic reviews. on. the
effectiveness and safety of F~ toothpastes, mouthringes, gels,
and-varnishespublisiedthronghoutthedast ducat o

nd varnishes published throughout thelast decade are con-

sidered the most comprehensive and: most det iiSdsariash
subjec to date [109-115, 176, 180]. They bring together, in
a consistent manner, th: ils ot e fogether, in
: , the available evidence on the eff £

the main modalities of topically applied B- i ech 2
currently used for the gt o P interventions
' 3 prevention/control of dental caries,

Evidence from comprehens

P



