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 A b s t r a c t: Objectives: The study was aimed at determining the effectiveness 
of fluoride-releasing materials (conventional and resin-modified glass-ionomers, com-
pomer and fluoride-releasing composite resin) in inhibiting demineralization of restored 
teeth in an artificial caries medium. 
 Methods: A total of 72 teeth (36 deciduous and 36 permanent) were used and 
Class V cavities were prepared on each tooth. These cavities were restored with or 
without conditioning (except for the composite, where all specimens were conditioned). 
The teeth were then stored in artificial saliva for periods of 1, 6, 12 and 18 months 
before being exposed to an acidic artificial caries gel and examined by SEM. 

Results: In the absence of a restoration, teeth were found to undergo enamel 
demineralization. Conventional glass-ionomer cements were found to inhibit this sig-
nificantly. The resin-modified glass-ionomer generally had little effect, except for the18 
month specimens, which also showed distinct zones of inhibition. The compomer 
showed no inhibition, and the fluoride-releasing composite resin showed only limited 
signs of inhibition. 

Conclusions: Glass-ionomers, both conventional or resin-modified, are more 
effective at protecting the tooth against further decay than either compomers or fluo-
ride-releasing composites, with the best protection of all being provided by con-
ventional glass-ionomers. The nature of the tooth had no influence on these outcomes. 
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Introduction 
 

 Dental caries is known to occur when the equilibrium between demi-
neralization and remineralization at the tooth surface is shifted in favour of 
demineralization. The caries process includes infection by micro-organisms, 
leading to acid production as a result of the metabolism of carbohydrates by 
these organisms within the oral biofilm. Acids, of which lactic acid is the main 
one, attack the mineral phase of the tooth, leading to demineralization, with 
subsequent degeneration of the organic component and formation of a cavity 
[1]. Before the development of the cavity, a carious lesion looks like a white 
spot with a relatively intact, mineral-rich, but porous surface. It covers a sub-
surface area with a reduced mineral content [2].  

Restorative materials are placed to repair frank cavities in teeth that 
have been damaged by caries. Modern materials are typically designed to be 
resistant to secondary caries and to micro-leakage at the edges, properties they 
possess on account of their ability to release fluoride and to be bonded to the 
prepared tooth surface. Margins of restorations are of particular importance, and 
lack of integrity of these may significantly increase the risk of secondary caries 
[3, 4, 5]. Composite restorations are much in demand on account of their 
excellent aesthetics, but because they undergo polymerization shrinkage on 
setting, they are associated with marginal leakage, and this leads to bacterial 
penetration and further damage to the tooth [6]. Secondary caries is, in fact, the 
most frequent indication for replacement of all types of restoration [3, 7] and 
the limited durability of dental restorations means that some patients are in 
continuous restorative cycles that result in larger and larger restorations and 
more complex therapeutic measures.  

As a means of protection against recurrent caries, fluoride-releasing 
restorative materials have been developed. Of these, the most important are the 
glass-ionomer cements and their hybrids (resin-modified glass-ionomer cements 
and polyacid-modified composite resins; so-called "compomers"). By releasing 
fluoride, these materials offer protection to the hard dental tissues8 and the 
surrounding micro-environment [9, 10]. 

There are a number of mechanisms by which release of fluoride 
protects the teeth. First, the presence of small amounts of fluoride in the saliva 
reduces the solubility of the mineral phase of the tooth mineral. Second, 
fluoride incurporated into the mineral phase leads to the formation of a thin 
layer of fluor-apatite, which is less soluble even at low values of pH than 
hydroxyapatite. Third, fluoride may interfere with the metabolism of cariogenic 
bacteria by inhibiting essential enzyme-mediated processes. All of these 
mechanisms shift the demineralization/remineralization equilibrium back in 
favour of remineralization [11, 12].  
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Glass-ionomers, for example, have been reported to contribute to the 
remineralization on incipient enamel lesions in vitro [13]. Such studies on the 
effects of fluoride on dentine reveal that low fluoride concentrations may lead 
to hypermineralization of dentine [14, 15]. In fact, the choice of the restorative 
material can be crucial in determining whether demineralization or remine-
ralization occurs in the dentine tissue surrounding a restoration. Incipient caries-
like lesions under glass-ionomer restorations have been found to remineralize 
and even to hypermineralize, whereas amalgam and composite restorations have 
been shown to be predominantly associated with further remineralization of the 
specimens [12]. The distinct zone of interaction found between the glass-
ionomer cement and hard dental tissues contributes to the adhesion and high 
resistance to microleakage of glass-ionomer cements restorations.  

The present study was carried out to determine the detailed effects of 
fluoride-releasing restorative materials on the progress of demineralization. It 
employed an artificial caries medium of the type frequently used in such 
research [15] and involved studies of the appearance of the demineralization 
inhibition zone in deciduous and permanent teeth filled with different fluoride-
releasing dental restorative materials.  

 
 

Materials and methods 
 

A total of 72 teeth (36 deciduous and 36 permanent) were used in this 
investigation. They were extracted either due to exfoliation (deciduous teeth) or 
for orthodontic reasons (young permanent teeth). After extraction, the surfaces 
of the teeth were cleaned, the radices cut with a diamond bur with water cooling 
in the level of the cemento-enamel junction, and the remnants of the pulpal 
tissue discarded. Class V cavities were prepared on each tooth using diamond 
bur and turbine with water cooling. After preparation, the teeth were divided 
into five groups at random and filled with one of five different materials, as 
shown in Table 1.  

For most of the materials, each of the groups was divided into two 
subgroups; the first was conditioned, and the other left unconditioned. In the 
composites group, by contrast, all of the specimens were conditioned. The con-
ditioning and the filling were carried out in accordance with the manufacturer’s 
instruction; these are also listed in Table 1.  

The teeth were stored in artificial saliva designed for use in dental 
materials testing [19]. The composition is given in Table 2. 

The prepared teeth were examined after 1 month, 6 months, 12 months 
and 18 months. The specimens, after the storage time interval, were placed in an 
acidic artificial caries gel, prepared according to the method of Arends et al. 
[20]. It consisted of: 6% by weight hydroxyl-ethyl cellulose; 0.1 mol/l lactic 
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acid and 1.0 mol/l NaOH, adjusted to pH = 4.5. The teeth were stored in this gel 
for 5 days at 37˚C. The extent of the dentine demineralization was then deter-
mined with SEM investigation.  

 
Table 1 – Tabela 1 
 

Restorative materials employed 
Restavratorski materijali upotrebeni vo studijata 

Material Type Conditioning Manufacturer 
Fuji IX Conventional 

glass-ionomer 
cement 

1. GC Cavity Conditioner 
(application 10 sec., rinsing and 
soft drying) 

GC, Japan 

Fuji II LC Resin-modified 
glassionomer 
cement 

1. GC Cavity Conditioner 
(application 10 sec., rinsing and 
soft drying) 

GC, Japan 

EGIC Conventional 
glassionomer 
cement 

Poly (acrylic) acid (ex. Aldrich, 
Poole, Dorset, UK) (application 
10 sec, rinsing and soft drying) 

Experimental 
material 

Dyract AP Polyacid-modified 
composite resin 
(compomer) 

1. 37% phosphoric acid (appli-
cation15 sec. on enamel, 5 sec. 
on dentine, rinsing) 
2. Prime&Bond NT (first layer 
– application 30 sec., 
elimination of the surplus with 
air blow, polymerization 10 
sec.; second layer – application, 
elimination of the surplus, 
polymerization 10 sec.) 

Dentsply, 
Konstanz, 
Germany 

Unifil flow Fluoride-releasing 
composite 

GC Unifil Bond (first layer – 
self-etching primer – application, 
20 sec., drying 5 sec., not 
rinsing; second layer – bonding- 
application and polymerization) 

GC, Japan 

 
Table 2 – Tabela 2 
 

Components of the artificial saliva 
Sostav na artificielnata plunka 

components concentration (g l-1) 
NaCl 0.50 

NaHCO3 4.20 
NaNO3 0.03 

KCl 0.20 
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Specimens were prepared for SEM examination as follows: After 
drying, the teeth samples were mounted onto aluminium stubs with conducting 
carbon cement and subsequently coated with a thin layer of gold in a sputter 
coater (Model Edwards 150B). The specimens were viewed and evaluated 
under High Resolution Scanning Electron Microscope (Model Cambridge 
Stereoscan 360, Cambridge Instruments Co. UK) at magnifications of × 1000, × 
3000 and × 5000, and images recorded.  

 
 

Results 
 
 In the absence of a restorative material, teeth exposed to artificial caries 
gel were found to undergo varying degrees of enamel demineralization (Figure 
1). Under these circumstances, the crystals building up the enamel rods were 
not densely packed and lacked distinct borders.  
 
 

Inhibition zone 

Demineralization zone 
 1
  2
 enamel
 
 restoration

dentine 
 
 
 

Figure 1 – Schematic presentation of the experimental model: 1. transitional zone 
between sound and demineralized enamel, 2. completely demineralized enamel 

Slika 1 – [ematski prikaz na eksperimentalniot model: 1. tranziciona 
zona me|u cvrstiot i demineraliziraniot emajl,  

2. kompletno demineraliziran emajl 
 

By contrast, in the presence of glass-ionomer cement, there were zones 
with defined enamel prisms (Figures 2–4), and evidence that demineralization 
had been significantly inhibited. Figure 2 shows the results for the experimental 
glass-ionomer, where these effects were apparent, despite the loss of the 
restorative from the cavity. Figure 3 shows the results for the conventional 
glass-ionomer Fuji IX and Figure 4 for the resin-modified glass-ionomer Fuji II 
LC. In the case of Fuji IX, there is evidence of enamel decomposition with 
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development of porosity, but these specimens also show mineral deposition 
close to the base of the restoration. By contrast, the specimens restored with 
Fuji II LC shown no signs of remineralization, though the specimens stored for 

 

 
а b c

Figure 2 – SEM images of demineralized enamel with (a,b) thin and irregular enamel 
rods with indistinct borders and (c) wide inter-rod zones. The arrows point towards  

the basements of the fractured enamel rods 
Slika 2 – Mikrofotografii na demineraliziraniot emajl dobieni  

so SEM so (a, b) tesni i iregularni emajlovi prizmi so nejasni granici 
 i (c) {iroki interprizmatski prostori. Strelkata e naso~ena  

kon bazite na frakturiranite emajlovi prizmi 
 

 

*
R  a * b c 

Figure 3 –  Restored with experimental glass-ionomer (restoration lost).  
There is evidence of inhibition of demineralization inhibition and of mineral deposition. 

Slika 3 ‡ Restavracija so eksperimentalen glas-jonomer cement 
(restavracijata e zagubena). Se zabele`uva inhibicija  

na demineralizacijata i depozicija na minerali 
 

18 months were somewhat different from the others, and did show a significant 
inhibition of demineralization (Figure 5). 
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R 

c

Figure 4 – Restored with Fuji IX glass-ionomer cement, with arrows showing  
the demineralized areas. (Note: the marginal gap resulted from desiccation  

during preparation of the specimen for the SEM) 
Slika 4 ‡ Restavracija so Fuji IX glas-jonomer cement, so strelki 

 koi se naso~eni kon demineraliziranite zoni. (Zabele{ka: marginalniot 
jaz e rezultat od isu{uvawe za vreme na podgotovkata  

na primerocite za SEM) 
 
 

 

R 

R 
a b c

Figure 5 – Restored with Fuji II LC, a, b. showing a wedge-shaped area  
of demineralization adjacent to the restoration and no signs of remineralization; 
 c. Fuji II LC at 18 months, with a distinct inhibition zone indicated by arrows 
Slika 5 ‡ Restavracija so Fuji II LC, a, b poka`uva klinesta zona  

na demineralizacija blizu do restavracijata bez znaci  
na remineralizacija; c. Fuji II LC po 18 meseci, so jasna zona  

na inhibicija prika`ana so strelka 
 

 Figure 6 shows the results for the compomer Dyract AP. In these 
specimens, there is no evidence of inhibition of demineralization adjacent to the 
filling, unlike the results observed for the conventional glass-ionomers. Figure 7 
shows the results for the fluoride-releasing composite resin Unifil Flow, and 
here there are only slight signs of inhibition of demineralization. There is some 
similarity with the observations in Figure 1, in that the enamel rods are indis-
tinct, and the inter-rod spaces are wide. 
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R a b c

Figure 6 – Restored with Dyract AP and showing complete absence of inhibition  
of demineralization 

Slika 6 – Restavracija so Dyract AP kaj koja se zabele`uva kompletno 
otsustvo na inhibicija na demineralizacija 

 

 

R

b
a 

Figure 7 – Restored with Unifil Flow and showing demineralization adjacent  
to the restoration 

Slika 7 – Restavracija so Unifil Flow koja poka`uva demineralizacija  
vo blizina na restavracijata 

 
 

Discussion 
 

 Since the introduction of the fluoride-releasing restoratives, there have 
been several studies showing that they inhibit caries within enamel structures. 
Enamel demineralizes at a much slower rate than dentin, therefore, fluoride-
releasing restoratives are especially effective at inhibiting caries at enamel 
margins [18, 21].  
 The enamel adjacent to the restorations displayed two different types of 
behaviour. This SEM study indicated that the basic enamel structure, with 
hydroxyapatite crystals forming rods and inter-rod enamel, could be damaged, 
making the borders of the enamel rods indistinct and the inter-rod zones hardly 
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visible. Alternatively, the rods can become very thin with wide inter-rod zones. 
This featureless and amorphous appearance of enamel has been shown in the 
completely decomposed zones.  
 The enamel is formed during two main phases of ameloblastic activity, 
the formative secretory phase when the matrix is laid down and the maturation 
phase when the mineralization mainly occurs. The enamel crystals are laid 
down during the secretory stage, and the matrix architecture is probably the 
primary determinant for their orientation and growth. During the maturation 
stage, the crystals increase in width and thickness [22]. There are chemical and 
structural differences between primary and permanent dentine. In particular, it 
has been shown that permanent dentine is more mineralized than primary 
dentine [23, 24]. However, in our study we used young immature permanent 
teeth in which the maturation process is not yet complete, which meant that we 
could not recognize any difference between the extent of demineralization or its 
inhibition between the deciduous and permanent teeth. Also, we observed no 
differences between the conditioned and unconditioned samples. 
 In our study, glass-ionomer cements were found to inhibit demine-
ralization but, by contrast, compomers did not. We attribute this to the fact that 
primers are needed to bond the compomers in place surface and these form a 
layer that blocks diffusion of fluoride into the dentine surface [18]. The com-
posite system in the present study was more satisfactory, because both the 
adhesive and the composite resin (Unifil Bond and Unifil Flow) were fluoride-
releasing, and were thus able to provide fluoride ions to the dentine surface 
below the restoration. This enabled them to maintain the integrity of the cavity 
wall. However, despite this, there was still a significant amount of demine-
ralization. Hence, despite their fluoride release, they were not effective in pre-
venting the appearance of caries. This may be because their release pattern dif-
fers from that of glass-ionomers, and is steady over time, rather than showing a 
large initial burst of fluoride release. 
 Overall, the results suggest that conventional glass-ionomer cements 
provide the best protection against demineralization of all the materials exa-
mined. This suggests in turn that it is not release of fluoride alone which inhibits 
demineralization, but the overall pattern of fluoride release with time, and the 
ease of fluoride transport into the enamel immediately surrounding the resto-
ration. Further research is needed to fully elucidate the factors that contribute to 
effective anti-caries properties in restorative materials, and the reasons for the 
observed superiority of conventional glass-ionomer cements in this regard.  
 
 

Conclusions 
 

Zones of inhibition of demineralization were found around conventional 
glass-ionomer restorations after ageing and exposure to artificial caries medium 
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in both deciduous and young permanent teeth. For resin-modified glass-ionomer 
restorations, such zones of inhibition were only apparent in specimens aged for 
18 months. By contrast, there were no such zones under any circumstances 
around either compomers or fluoride-releasing composite resin. Also, no dif-
ferences were observed between primary and permanent teeth, or between con-
ditioned or unconditioned surfaces. We therefore conclude that glass-ionomers, 
both conventional or resin-modified, are more effective at protecting the tooth 
against further decay than either compomers or fluoride-releasing composites, 
with the best protection of all being provided by conventional glass-ionomers.  
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 Cel na trudot: Studijata ima za cel da ja odredi efikasnosta na 
fluorosloboduva~kite dentalni restavratorski materijali (konvenciona-
len i glas-jonomer cementi modificirani so smola, kompomer i fluoro-
sloboduva~ki kompozit) vo inhibicija na demineralizacijata na restav-
riranite zabi vo artificielna plunka.  

 Metodi: Vkupno 72 zaba (36 mle~ni i 36 trajni) bea upotrebeni i 
bea preparirani kaviteti od V klasa na sekoj zab. Kavitetite bea restav-
rirani so i bez kondicionirawe (osven kaj kompozitot, kade {to site pri-
meroci bea kondicionirani). Zabite bea skladirani vo artificielna 
plunka vo vremetraewe od 1, 6, 12 i 18 meseci pred izlo`uvaweto na arti-
ficielen gel koj predizvikuva karies i nabquduvani pod SEM. 

Rezultati: Bez prisustvo na restavracija, zabite se podlo`ni na 
demineralizacija. Konvencionalniot glas-jonomer cement vr{i zna~ajna 
inhibicija na demineralizacijata. Glas-jonomerot modificiran so smola 
ima mal efekt, so isklu~ok na primerocite po 18 meseci, koi poka`uvaat 
jasni zoni na inhibicija. Kompomerot ne poka`a znaci na inhibicija na 
demineralizacijata, dodeka kompozitot poka`a samo ograni~eni znaci na 
inhibicija. 
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 Zaklu~oci: Glas-jonomerite, konvencionalnite i modificiranite 
so smola se poefikasni vo za{titata na zabite od ponatamo{en razvoj na 
kariesot, za razlika od kompomerite ili fluorosloboduva~kite kompo-
ziti, iako najuspe{na za{tita davaat konvencionalnite glas-jonomer 
cementi. Prirodata na zabot nema{e vlijanie na ishodot.  
 
Klu~ni zborovi: dentalni restavratorski materijali, artificielen ka-
ries, elektronska mikroskopija, osloboduvawe na fluoridi. 
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