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Abstract

Fluoride plays a central role in the prevention of dental caries. There is evidence that its effect is mainly topical and that continuot
presence of fluoride ions in low concentration at the plague/enamel interface is essential. The present paper reviews the most impor
aspects of fluoride kinetics in the oral cavity and discusses their implications on preventive approaches to dental caries. As a continuc
presence of fluoride ions in saliva is important for an optimum prophylactic effect, new formulations capable of delivering low levels of
fluoride over prolonged periods of time have been developed. These systems consist either of intra-oral devices, or of restorative mater
into which fluoride has been incorporated. Among all the preparations investigated, bioadhesive tablets and membrane-controlled reserv
are the most promisind] 1998 Elsevier Science B.V.
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1. Introduction The importance of fluoride in the prevention of dental
caries was discovered through observations made in
Dental caries is an infectious disease in which there is an naturally fluoridated water areas. When the first fluoridation
interplay between different factors: teeth, bacteria that inha- programs were started [2,3], about 50 years ago, the
bit the oral cavity and substrates such as carbohydrates [1].cariostatic effect of fluoride was attributed to the incorpora-
Essentially, the pathogenic process is due to specific acido-tion of the ion into the enamel during tooth development
genic microorganisms at the tooth surface (dental plaque)or by topical enrichment. It was presumed that fluoride
that produce high concentrations of organic acids from diet- reduced enamel solubility and therefore increased the
ary carbohydrates which, in turn, cause demineralization of resistance to caries [4—6]. Since then, numerous studies
enamel and dentin. Obviously, many secondary factors have shown the effectiveness of fluoride either contained
influence the rate of progression of the disease. The mainin water or salt or in topical dental products such as
strategies to prevent dental caries include the use of fluor-toothpastes [7-9]. According to today’'s concept, the
ides, of antiseptic agents, oral hygiene, reduced carbohy-major effect of fluoride is post-eruptive [10,11]. When topi-
drate intake and consumption of non- or hypo-acidogenic cally applied, fluoride present in the oral fluid environment,
food products. even in low concentration, can prevent demineralization
as well as promote remineralization of incipient lesions

—_— nder acidi nditions [12-16]. Most expert r
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rate of acid production by cariogenic microorganisms TOPICAL FLUORIDE APPLICATION
[10].
The present paper reviews some important aspects of l

fluoride pharmacokinetics in oral cavity. These considera-
tions have important implications for developing optimum
prophylactic measures and products. In the second part of ORAL CAVITY
the review, some new approaches for preventing dental car-
ies based on current knowledge concerning fluoride cario-

static mechanisms are discussed. rryw——
Saliva —» Expectorate
oral soft tissues < R
tooth (waste)
2. Kinetics of fluoride in the oral cavity plaque < plaque fluid

2.1. General considerations

The clearance of a substance introduced in the oral cavity

is mainly achieved via saliva. However, many parameters
. Gut
may affect the process (Table 1). These factors are impor-
tant and have to be considered when preventive agents aré:ig. 1. lllustration of the inter-relationships between the various compo-
. . P . . 9 nents involved in fluoride retention.

applied to the oral cavity. Under normal physiological con-
ditions, without fluoride supplement, salivary fluoride con- second phase reflects the release of fluoride that was initially
centrations were usually found to be very low, ranging from stored in the oral cavity at the time of application. Such
0.01 to 0.04 ppm, depending on the authors [19,20]. When retention sites, or ‘oral reservoirs’, are mainly associated
using fluoride, high initial concentrations can be observed, with the soft tissues, plague and teeth (Fig. 1) [22,23,25—
followed by a rapid decrease. Fig. 1 represents the interre-27]. With tablets, chewing gum and concentrated fluoride
lationships between the various components which play a preparations, salivary clearance has to be considered as a

swallowing l

role in the retention and clearance of the fluoride ion. multiexponential process, due to additional phenomena.
The concentrations of fluoride found in saliva after a

2.2. Salivary fluoride concentrations after various single topical application have been investigated in many

application modes studies. The main representative papers are listed in Table 2.

Some general trends may be deduced from these data. The
According to the majority of the studies involving com- first observation is that professionally applied products, con-
mon home-used topical fluoride products such as dentifricestaining high fluoride concentrations, lead to higher salivary
or mouthrinses, salivary fluoride clearance is a biphasic levels as compared to self-applied preparations with a lower
elimination process, regardless of the formulation and appli- fluoride content. Varnishes generally give the highest con-
cation conditions [21-24]. A typical profile of salivary centrations followed by gels, rinses and finally dentifrices.
fluoride concentrations versus time is presented in Fig. 2. Initial fluoride concentrations are of importance as they

The initial rapid decrease in fluoride results most likely have a direct influence upon the clearance process. Indeed,
from swallowing and secretion of saliva, whereas the slower highest initial levels correspond to a prolonged retention

time and a longer clearance process. On the average, fluor-

Table 1 ide concentrations return to baseline within 1 or 2 h after
Parameters influencing the clearance of a product introduced in the oral 100

cavity

Physiological and/or anatomical parameters "

Salivary flow rate [29,46]

Swallowing frequency [31]

Residual volume of saliva [31,45]

Anatomical position of the salivary glands [46]

Anatomical factors (space between teeth, tongue position, etc.) [29,46]
Oral muscular movements [31]

Fluoride concentration (ppm)

01 rapid

clearance slow fluoride clearance

Factors related to the product and its administration } } —
Dose and concentration of the product [26] gt LT
Duration and frequency of the administration [26] 0 60 120 180 240 300 360
Association between products and/or buccal substrates [31] Time (min)

Dilution (drinking habits, rinsing, etc.) [26,29,30]

Time of administration (day or night, proximity of a meal, etc.) [29] Fig. 2. Mean salivary fluoride concentratioms= 2) after use of 250 ppm

F~ rinse [N. Vivien Castioni, P. Baehni, R. Gurny, unpublished data].
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Table 2
Reported salivary fluoride concentrations after single topical fluoride applications

Formulation F source Concentration Salivary F Observation References
(ppm F) at 30 min uM) period
Dentifrice
Colgate] MFP? 1000 <25 24 h [63]
Actall NaF 1000 <30 24 h [63]
Crestl NaF 1100 31 2h [29,31]
Crest Reguldd NaF 1500 n.a. 45 min [30]
n.a. MFP 1000 n.a. 3h [22,24,41]
1500 4-9
2500 n.a.
Rinse
Fluorigard] NaF 226 53/60 2 h/8 h/24 h [29,31,46]
n.a. NaF 226 27 48 h [64]
900 150/110/318 1h/72 h/24 h [63—65]
n.a. NaF 250 60 3h [23]
830 100-110
2500 100-110
Gel
Alpha GelDl 9000 468 120 h [64]
Thera-Fluf] NaF 5000 424 24 h [29,46]
Tablet
n.a. NaF 0.25 mg <50 1h/24 h [20,63]
Chewable tablet
Gostriman(] NaF 0.21 mg <53 1 h/24 h [20,63]
Chewing gum
Fluomir NaF 0.25 mg <20 1h/24 h [20,63]
Varnish
Duraphaf] NaF 22600 1683 120 h [64]

#Sodium monofluorophosphate (}##®Q,).
n.a., not available.

using a dentifrice or a mouthrinse, 2—24 h after the use of frequency and duration of water rinses [24]. Mechanical
gels or concentrated rinses, and over 24 h after applying stimulation of the salivary flow due to brushing action is
varnishes and other topical products with very high fluoride probably also of importance [31].
concentrations [19,28]. The different profiles of salivary  Itis interesting to note that the retention of fluoride in the
fluoride levels obtained with low and high-concentrated oral cavity depends more on the concentration of fluoride
products are shown in Fig. 3. rather than the applied dose. Duckworth and Stewart [23]
Fluoride clearance is known to be more rapid after using a have suggested that application of a given fluoride dose in a
dentifrice than after a mouthrinse, with the same dose, andsmall volume but at high concentration increases efficacy:
this results mainly from the extensive water rinse after fluoride clearance is then reduced without the risk of
brushing [24,29-31]. Duckworth, for example, showed adverse effects as a result of casual ingestion of a high dose.
that the clearance rate increases with increasing volume, Zéro et al. [29] reported that the time of application (day-

100

15 —— dentifrice (1000 ppm F), water rinse
o dentifrice (1000 ppm F), no water rinse
—o— chewable tablet (0.42 mg F)

% plain tablet (0.5 mg F)

—o— chewing gum (0.5 mg F) 10
s acidulated solution (12,000 ppm F)

—a— neutral solution (10,000 ppm F)
—e—mouthrinse (900 ppm F)

Fluoride concentration (ppm)
Fluoride concentration (ppm)

0 1 2 3 4 5 6 7 8

(a) Time (h) (b) Time (h)

Fig. 3. (a) Salivary fluoride concentrations after various topical fluoride treatments. (Adapted from Ref. [63]). (b) Salivary fluoride com=eattatia
varnish treatment (Duraphat @) and a mouthrinse (0.05% Nal). (Adapted from Ref. [64]).
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time vs. night-time) is another important variable which can 4.
considerably influence fluoride levels in the mouth. Night-
time fluoride application usually results in prolonged reten-
tion because of a reduced salivary flow as well as the 3t
absence of food and beverage intake.

It is worth mentioning that even if salivary fluoride levels
vary widely according to the dose applied, the caries reduc-
tion obtained after various topical applications appears to be
similar, suggesting that daily use of low fluoride products is
at least as beneficial as treatments with highly-concentrated
preparations applied at more broadly spaced intervals of
time. In fact, the fluoride ion has to be present at the site
during the development of the lesion to efficiently prevent
caries. Both fluoride regimens mentioned above may pro-
vide fluoride ions during an acid attack, i.e. during the car-
iogenic stage. Daily use of low fluoride doses, either
through home-used products or water and salt fluoridation,
will both enrich the oral cavity with Fions. In the case of
highly concentrated preparations, precipitate of calcium
fluoride is usually formed during application which redis-
solves slowly when the pH drops, thus providing a source of
fluoride ions.

et Y XY )

Concentration (ppm x 103)

2.3. Fluoride distribution in the mouth after topical
application

2.3.1. Fluoride distribution in the different sites of the oral
cavity

During the last 10 years, several studies have clearly ‘
shown that the pattern of fluoride distribution and clearance 2r
after topical application varied considerably from site to site
in the mouth [32—-34]. Weatherell et al. [33] and Primosch et
al. [34] demonstrated that there is little saliva mixing 1}
between the different regions in the oral cavity. The authors
also noticed that fluoride tended to be preferentially retained
in the maxillary labial vestibule. Actually, each site appears ol
to be characterized by its own rate of retention and clear-
ance. This is probably due to the anatomical disposition of Fig. 4. Concentrations of fluoride taken up by dentin particles (indicated by
salivary ducts, to the rate of salivary secretion, and to other the black spots on the diagram) mounted on dental splints after a '1000 ppm
individual variations. It was suggested that the rapid clear- (29 ml) fluoride rinse (from Weatherell et al. [32], reproduced with per-

. . . . . mission of S. Karger AG, Basel).

ance from the posterior regions of the labial vestibule is
associated with the flow from the parotid, whereas secre- surements of fluoride in enamel have been undertaken by
tions from the sublingual and submandibular glands as well many authors. However, most of these studies failed to
as the act of swallowing play a role in the clearance from the clearly demonstrate an inverse relationship between fluoride
entire lower labial sulcus [33]. This site-specific variability enamel content and caries prevalence [15,35,36].

in oral fluoride concentrations is illustrated in Fig. 4. Today we know that fluoride incorporated into the
enamel mineral during tooth development has little effect
2.3.2. Fluoride concentration in various tissues on the caries process. However, fluoride incorporated post-

Beside saliva, fluoride concentrations after topical appli- eruptively, during the demineralization-remineralization
cation have been analyzed in samples from tooth surfacesprocess is of major importance [17]. Fluoride enhances
plague or soft tissues. As for the site-specific variability, remineralization providing thus a mineral which will be
these observations are certainly relevant to the anti-cariesmore resistant to subsequent acid attack than natural apa-
effect of the fluoride ion since local concentrations are tite-like material.
important. Plaque.Since recent developments in fluoride analysis,

Enamel surface Assuming that more fluoride in the especially the advent of specific micro-electrodes, several
enamel would provide a greater anti-caries protection, mea- investigators have assessed fluoride concentrations in dental
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Table 3
Plaque fluoride concentrations (wet weight basis) recorded after various topical fluoride treatments
Fluoride product ppm F Plaque concentration (ppm F F in water (ppm F) References
Baseline Regular us
Dentifrice 1000 1.46 1.76-1.91 0.027 [39]
1500 1.93-2.21
2500 2.36-2.54
Dentifrice 1500 141 1.92 0.026 [40]
4.34 5.28 0.16
6.96 8.57 1.0
Rinse 100 12 m.4 0.027 [38]
250 (2.4
1000 3.3
Placebo dentifrice 8.5 n.a. 0.9 [29]
Dentifrice 1100 9.8 n.a.
Rinse 226 12.8 n.a.
Gel 5000 8.0 n.a.

n.a., not available.

plaque (Table 3). This information is of interest as fluoride baseline levels may reflect a prolonged fluoride clearance
values are determined in material collected near the site offrom the oral soft tissues and suggests that these tissues
the caries process. Likewise, fluoride concentration in could play a significant role in the kinetics of oral fluoride

plague fluid could at least be as relevant as plaque fluorideclearance. Fig. 5 shows the different rates of clearance
to the anti-caries effect [35]. between the saliva and mucosa, thereby revealing that

Total plaque fluoride data reported in the literature vary mucosa can act as a potential fluoride reservoir in the oral
considerably but are usually within the range of 2—10 mg cavity.

F /kg on a wet weight basis [37]. Higher values are  Zéro et al. [25] evaluated fluoride retention by oral soft

obtained in areas with fluoridated water as well as after tissues by comparing salivary concentrations in edentulous
regular use of topical fluoride-containing products [22,29, and fully dentate subjects. Contrary to Jacobson et al. [27],
37-40]. the authors found considerable differences in fluoride values

Although higher than those of saliva, the concentration of among the various soft tissue sites. They also observed a
fluoride in plaque generally follow the same pattern. Thus, correlation between concentrations in whole saliva and tis-
Zéro et al. [29] showed a parallel evolution of fluoride levels sue levels after topical applications. The edentulous subjects
in pooled plaque samples and whole saliva after home-usepresented somewhat higher salivary fluoride concentrations
of topical fluorides application; they also showed that the during the 24-h experimental period, thus showing the
highest fluoride concentrations in plaque and saliva were major role of the oral soft tissues in fluoride retention.
obtained after using fluoride gel, followed by fluoride High affinity for teeth and plaque may have contributed to
rinse and dentifrice. Duckworth et al. [22,38] also reported the initial clearance of fluoride from saliva in the dentate
a direct dose—response relationship between saliva and plasubjects.
que fluoride after using different fluoride-containing
mouthwashes and dentifrices. Furthermore, an inverse rela-
tionship was shown between plaque fluoride levels and 3-
year caries increments [41]. These results support the
assumption of an association between oral fluoride levels
and caries, and suggest that oral fluoride measurements
could be valuable in estimating the anti-caries potential of
various fluoride regimens.

Mucosa.Some studies assessed fluoride uptake and clear-
ance from oral mucosa, known to be a part of the oral
fluoride reservoirs [25,27]. Jacobson et al. [27] showed 01
that baseline fluoride mucosal levels were high (7-15
ppm) and that they did not significantly vary from site to
site. After rinsing with a fluoridated mouthwash, mucosal o 2 4 e @ 0 2 w0 160 180
samples presented elevated fluoride concentrations which Time (i)
declined with &, of 45-60 min. According to the authors, Fig. 5. Salivary @) and buccal mucosal) fluoride concentrations after
the considerable difference between salivary and mucosalmouthrinsing (adapted from Ref. [27])

100

=

Fluoride concentration (ppm)
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2.4. Fluoride concentrations after long-term treatment “
35

Most of the studies on salivary fluoride kinetics were
limited to the concentrations obtained after single topical
application. However, the situation differs drastically when
using fluoride on a regular basis. Equilibrium studies were
therefore undertaken in order to monitor changes in fluoride

30

25 I—

20

Fluoride concentration (ppm)

concentrations during prolonged use of dentifrices [22] and

mouthrinses [38]. In accordance with the oral fluoride reser- °

voir concept, the baseline level itself was found to be ele- ° ﬂ_} m

vated during regular applications of topical fluoride. 0

Duckworth et al. [22,38] reported that salivary levels took ' ’ R ) : ’

approximately 2 weeks to reach equilibrium after a change
in the daily habits, thus giving evidence that fluoride is Fig. 6. Duplicate sali_v_ary fluoride con-cen_tration‘s 5 min afteran_muthrinse
stored in the oral cavity. Previous studies had already (Mentadent C sensitive, 250 ppm Fj in six subjects, at 1-week interval
. . . . ...~ [N. Vivien Castioni, P. Baehni, R. Gurny, unpublished data].
shown that salivary fluoride concentrations rose signifi-
cantly with increasing fluoride content of drinking water dental caries progression as low as possible throughout
[40,42,43]. Moreover, Bruun and Thylstrup [42] found the the world.
mean DMF-S (decayed, missing, filled tooth surfaces) to be
inversely related to whole saliva fluoride. Basal fluoride 2.5. Individual variability
levels in plague usually appear to be in good agreement
with the corresponding salivary fluoride values and reflect  As discussed above, several local factors are involved in
as well long-term fluoride regimen [22,38]. Duckworth et al. the kinetics of fluoride retention in the mouth. In addition,
[41] not only demonstrated a dose—response relationshipdue to individual characteristics, e.g. salivary flow, swal-
between saliva and plaque fluoride concentrations after lowing frequency, diet, or bucco-dental hygiene, a great
long-term use of dentifrices, but also showed an inverse variability has been shown to occur between subjects and,
correlation between fluoride, saliva and plaque levels, and for a given subject, from day to day [33,45].
the caries increment observed during a period of 3 years. Fig. 6 shows the salivary concentrations of fluoride,
The influence of oral care habits on caries prevalence anddetermined in duplicate on six volunteers, 5 min after mou-
incidence clearly illustrates the importance of a prolonged thrinsing. As previously reported [33], individual fluctua-
exposure to fluoride. Chesters et al. [44] demonstrated thattions from 1 day to another are far less important than those
brushing frequency and rinsing method after brushing were observed between two subjects. In some pathological situa-
directly related to caries increment. Twice-a-day brushers tions, such as xerostomia, the inter-subject variability may
and non-beaker rinsers had lower caries increment thanbe increased to a greater extent. As a result of the low
less frequent brushers or than subjects using beakers forsalivary flow rate, xerostomic patients generally show pro-
rinsing. longed oral fluoride retention compared to healthy subjects
The following points summarize the present knowledge [46]. This situation may be favourable for these patients,
on the long-term fluoride concentration in the oral environ- with very low salivary flow rate and usually high caries
ment: risk, as they will benefit more topical fluoride products. A
simple and rapid prophylactic measure such as mouthrinses
could then be used as successfully as more complicated and
time-consuming procedures, e.g. applying gels in trays. In
recommending mouthrinses instead of gels, patient compli-
ance should also be improved.

* In the absence of topical fluoride, salivary fluoride
concentration is about two-thirds of the plasma
levels [19]

« For a given regimen of daily fluoride, baseline level
in saliva is usually constant [19]

* When a change in fluoride use occurs, a new equi-

librium is reached after a 2-week period [38] 3. New delivery systems

Consequently, none of the fluoride supplement, either
systemic or topical, is able to produce a permanent elevation In light of our present knowledge, the use of fluoride and
of oral fluoride concentration. Therefore, in order to achieve its role as a topical prophylactic agent in the caries process
its optimum caries preventive effect, a regular topical fluor- should be reconsidered. Guidelines for more rational use of
ide supply is essential. As discussed by Axelsson [18], pla- fluorides should be revised based on the above-mentioned
que control, either mechanical or chemical, is also of major data [18,47]. In recent years, due to the widespread avail-
importance for caries prevention. If plaque control is man- ability of fluoride sources and consequently a too high fluor-
datory as an essential anti-caries measure, rational use ofde intake during tooth development, the prevalence of
fluorides is the unquestionable complement to maintain dental fluorosis in children has increased. Therefore, there
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3.1. Intra-oral devices
Dental restoative

/ \ materials Intra-oral devices are commonly classified according to

the nature of the dosage form, and in particular to the mode

. Acﬂ:esivesystem.LI Non adhesive systems of release of the fluoride or to the mode of retention of the
device in the oral cavity; this second aspect can be mediated

l l - amalgams by including bioadhesive polymers in the device or by add-

- sealants ing external adhesive materials.
- monalithic devices | | - monolithic devices - composite resins Essentially three types of intra-oral devices releasing
- microcapsules - membrane-reservoir devices | | - glass ionomer cements slowly fluoride have been developed: monolithic devices

_ _ B _ , (bioadhesive or not), bioadhesive microcapsules, and mem-
;TL%.“;;? Site-specific and sustained-release therapeutic systems for oralbran(_:‘_res(_}rvoir devices (without adhesive properties).
' Examples of bioadhesive devices and other monolithic sys-
is a need to adapt fluoride preventive regimen and to reducetems are given in Table 4. They include bioadhesive tablets,
systemic fluoride in order to avoid enamel opacities. bioadhesive microcapsules designed to be sprayed on the
Recently, several dental associations have revised theirteeth surface, and nonadhesive films that can be used for
guidelines for appropriate use of fluoride products [48— coating both orthodontic plates and chewing gums, or sealed
51]. It is important to stress that there is not one single on removable partial dentures.
fluoride program: fluoride should be used according to indi- These devices certainly represent an interesting concept
vidual or population needs, mainly based on caries risk, oral in the current tendency to provide specific and optimized
hygiene status, dietary habits, living conditions, and actual caries prophylaxis, however they still need improvement.
caries prevalence and incidence [18,52]. Moreover, clinical studies will also have to assess their
In this context, and according to the need of individual efficacy as well as patient compliance. At this time,
prophylaxis, new formulations aimed at delivering low mucoadhesive tablets appear to have the best potential.
levels of fluoride over prolonged period of time were devel- However, a compromise remains to be found between adhe-
oped. Besides, in controlling the drug release to a certain sive properties, biocompatibility, and adequate release pro-
extent, such devices should be able to reduce inter-indivi- file. In vivo studies have shown that, depending on the
dual variations. polymer, some tablets present good mucoadhesive proper-
Fig. 7 illustrates the different approaches investigated. ties without adverse effects such as irritation, discomfort or
Two major directions have been chosen, either to develop bad taste [53—55]. These promising tablets were left in place
new intra-oral devices solely intended to deliver fluoride for at least 8 h, and were able to release fluoride in concen-
over a prolonged period, with or without rate control, or trations high enough for a protective effect against dental
to incorporate fluoride into restorative materials. Although caries. Although the release period with other devices such
not directly useful for caries prevention on a large scale, the orthodontic plates is of great interest (from days to months),
second approach presents some interest since it takes advarthe number of patients likely to benefit from such prophy-
tage of a restorative treatment to implement prophylactic lactic devices is very limited.
measures in someone who needs them. Membrane-controlled fluoride reservoirs are the most

Table 4
Bioadhesive and other monolithic devices intended for intra-oral slow-release of fluoride

System Vehiclg F~ (dose) Type of study (release time) References
Adhesive devices
Microcapsule EC+ guar gum NaF In vitro [66]
n.a.
Tablet Carbopol HPMC NaF, amines-F (0.1 mg)  In vitro [67]
Carbopol, HPMC, PEG, NaCMC, modified starch NaF (0.1 mg) In vivo (24 h; 8 h) [53,55]
PEG NaF (0.1 mg) In vivo (8 h) [54]
Others
Film Cellulose Cak (1 mg) In vivo (48 h) [68]
Orthodontic EC (+PEG) NaF (0.06-0.5 mg/day) In vitro (4 months) [69]
plate
EC NaF (5 mg) In vivo (5 days) [70]
Chewing gum Silicone NaF (0.06-0.5 mg/day) In vitro (4 months) [69]

°EC, ethylcellulose; HPMC, hydroxypropylmethylcellulose; PEG, polyethylene glycol; NaCMC, sodium carboxymethylcellulose; Carpofyalcrylic
acid.
n.a., not available.
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Table 5 further improvements in manufacture and in retention are
needed [57]. Furthermore, it should be stressed that such

Representative in vivo studies carried out over the last 20 years .
P Y systems, which have to be placed by a dental health person-

Study Duration Daily F References nel, would apply mainly to patients with high risks of caries
dosage (mg) such as xerostomic people, handicapped persons, immuno-

Cowsar et al. (1976) 6 months 0.2-1 [56] deficient patients, and patients wearing orthodontic appli-

Mirth et al. (1982) 30 days 1.0 [71] ances.

Mirth et al. (1983) 6 months 0.15 [72]

urned s | ssds 002 I8 5 Restoraive materias

Shern et al. (1987) 30 days 0.5 [75]

Kula et al. (1987) 26 weeks 0.1 [76] Rawls [58] reviewed the different dental systems capable

Cain et al. (1994) 7-50 days 0.07/0.23 [57] of releasing therapeutic agents, including the sustained

delivery of fluoride. The systems were divided in three

extensively tested sustained-release devices for intra-oralcategories as shown in Table 6. Mixtures of water-soluble
use. Since their development by Cowsar et al. [56] in agents generally show burst effects and a short-lived
1976, a large number of in vitro and in vivo studies have release; they also require frequent applications [59]. Disper-
been carried out using similar devices (Table 5). Generally, sions of agents of very low water solubility such as glass
the system consists of a core matrix containing NaF and aionomer cements appear promising according to recent stu-
copolymer of hydroxyethyl and methyl methacrylate dies [60,61]: beside their intrinsic property of releasing
(50:50). The core is surrounded by a copolymer membrane fluoride, they can take up fluoride from the surrounding
of the same type (30:70) designed to control the rate of medium for subsequent release. Moreover, a complete
fluoride release. Such reservoir devices are able to deliverretention of the cement does not appear to be necessary
fluoride in the oral cavity at a constant rate, varying from for caries prevention [60]. Matrix-bound agents consisting
0.035 to 2 mg/day. The fluoride delivery period can also be of fluoride ion-exchange monomers bounded to a matrix
made to vary considerably, from a few days to several represent the third category. In such a system, the fluoride
months. Such a duration of fluoride release is of particular ion is released by a chemical reaction, generally a hydro-
interest considering that the mean delivery period for lysis, and diffuses out of the matrix. A clinical trial using an
bioadhesive tablets previously mentioned seldom exceedsacrylic ion-exchange salt in a bracket bonding adhesive
8 h. demonstrated a 90% reduction in the number of deminera-

Membrane-controlled reservoir-type devices offer sev- lized zones [58]. In a recent paper, Toumba et al. [59]
eral advantages. They may be designed in different sizesreviewed studies on fluoride controlled-release systems,
and forms and can present various fluoride delivery rates. including dental materials. Systems such as amalgams,
Besides, their retention in the mouth may be achieve either cements, fissure sealants and composite resins were also
using an appliance or directly by fixing the device on a tooth reported to be capable of releasing fluoride.
surface with resins or sealants. This large range of possibi- These fluoride releasing reconstructive materials may be
lites makes them adaptable to almost any situation. Someof great interest in some cases, particularly in root and
mucosal irritation and loss of the device during the experi- recurrent caries restorations as well as for the fixation of
mental period have been reported, thus indicating that orthodontic appliances. However, they cannot be consid-

Table 6

Fluoride releasing restorative materials [58]

Type of material Source of F Comment

Mixtures of water-soluble agents

Amalgam Snk Structure vulnerable to environmental degradation
Composite resin NaF
Sealant NaF
Dispersions of agents of very low water solubility
Silicate cement Leachable glasses Structural stability preserved
Glass ionomer material Leachable glasses
Composite resin Yb§ NaF encapsulated

Leachable glass
Matrix-bound agents
Bis-GMA-type acrylic resin Amine BfLewis salt Structural integrity maintained
Light-cured sealant Amine BH ewis salt
Amine HF salt
Methacryloyl fluoride
Composite resin Amine HF salt
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