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A B S T R A C T  

 

Fluoride compounds are incorporated as anticariogenic agents in numerous 

restorative materials. Incorporation of fluoride into restorative materials im-

part anticariogenic character by various mechanisms including reduction of 

demineralisation, enhancement of remineralisation, interference of pellicle and 

plaque and inhibition of microbial growth and metabolism. In addition, the 

application of the topical fluoride in the form of toothpaste and varnish is also 

considered as the most effective method of caries prevention. The fluoride 

combines with HA of the tooth and forms an acid-resistant fluorapatite (FAP) 

crystals. Also, fluoride enters into the cells of the bacteria and inhibits carbohy-

drate metabolism, which eventually kills the bacteria. The objective of this re-

view was to emphasise the fluoride-releasing restorative materials available in 

dentistry. 
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1. Introduction  
 
Dental caries is one of the most common and prevalent diseases occurring in 

humans across the globe [1-6]. Dental caries is an infectious disease of the den-

tition characterized by localized destruction of the tooth. Numerous microor-

ganisms reside in the saliva and on the natural tooth may produce various acids 

that result in demineralisation of the tooth tissues. This demineralisation may 

be initiated in the form of a small lesion and will be progressed towards the 

inner tooth tissues. Pulpal necrosis might take place if this caries reaches to the 

pulpal tissue. The infection may be advanced into the underlying periodontal 

tissue through the root apex, causing periapical abscesses. The major factors, 

which influence dental caries, though it is a multifactorial disease, are the host 

such as the teeth and saliva; the microorganisms which produce acids on the 

tooth surface; and consumption of the fermentable carbohydrate diet [7].  

The tooth is a composite structure that is composed of the phosphate-based 

mineral HA in the enamel, collagen in the dentine, and living tissues [8-10]. The 

enamel of the tooth may develop high resistance to localized demineralisation 

on its exposure to food, various drinks, and the microorganisms of the mouth 

[11-14]. However, demineralization of the natural tooth may be initiated when 

the pH of the oral cavity is decreased. This decrease in pH encourages the chemical 
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dissolution of both the organic and inorganic matrix 

components of the tooth. During this, Ca+2 and PO4+3 

move away from the enamel surface and initiates de-

mineralization [15]. The water content of enamel and 

dentine would facilitate acid diffusion in and mineral 

content out of tooth [16].  

 

On the other hand, increase in the pH of the oral cavity 

towards neutrality, availability of fluoride ions (very 

minimal quantity), maintaining of proper oral hygiene 

and additional supplements of fluoride ions may help 

in remineralising the tissue surfaces.  

 

Saliva, especially, is a significant source for calcium 

and phosphate that helps in maintaining supersatura-

tion with respect to tooth minerals, therefore inhibit-

ing tooth demineralization during periods of low pH, 

and they promote tooth remineralization when the pH 

returns to a neutral state. Furthermore, saliva also 

possesses cleansing effect and imparts antibacterial 

action [17].  

 

Fluoride is well documented as an anticariogenic 

agent. A variety of mechanisms are involved in the 

anticariogenic effect of fluoride, including reduction of 

demineralisation, enhancement of remineralisation, 

interference of pellicle and plaque and inhibition of 

microbial growth and metabolism. Application of the 

topical fluoride in the form of toothpaste and varnish 

is considered as the most effective method of caries 

prevention. The fluoride combines with HA of the 

tooth and forms an acid-resistant fluorapatite (FAP) 

crystals. In addition, fluoride also enters into the cells 

of the bacteria and inhibits carbohydrate metabolism, 

which eventually kills the bacteria. The former mecha-

nism of anticariogenic property is called as a Physico-

chemical method, and the latter is termed as a biological 

method in arresting caries [18]. Numerous researchers 

investigated the effect of incorporation of fluorides 

into various restorative materials on their anticariogen-

ic property and remineralisation of the natural tooth. 

Currently, various restorative materials including 

traditional glass ionomer cements (GICs), high viscosity 

GICs, cermet cements, resin-modified glass ionomer 

cements (RMGICs), nano-ionomer cements, compomers, 

glass carbomers, giomers; and composite resins con-

tain fluorides and they exhibit anticariogenic property. 

These restorative materials release an adequate 

amount of fluoride into the oral environment and 

increase the level of fluoride in saliva, plaque and hard 

dental tissues [18,19]. This review emphasises on the 
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contemporary fluoride-releasing restorative materials 

used in dentistry. 

 

2. Fluoride Releasing restorative materials 

 

2.1 Glass Ionomer cements 

Glass ionomer cements (GICs) were developed to utilise 

the advantages of both silicate and polycarboxylate 

cements by Wilson and Kent in 1969. Glass ionomer 

materials available in the form of alumino-fluoro-

silicate glass powder and an aqueous solution of poly-

acrylic acid [20]. Traditional GICs undergo an acid-base 

reaction on mixing the glass powder with the liquid. 

Glass releases various ionic constituents during the 

setting reaction, including fluoride. Two processes 

have been proposed to describe the mechanism of flu-

oride release from glass-ionomers into an aqueous 

environment. The first process is a short-term reaction 

in which the outer surfaces of alumino-fluoro-silicate 

glass particles rapidly dissolves into solution. In contrast, 

in the second process, there is more gradual dissolution 

and resulted in the sustained diffusion of ions through 

the bulk cement [21-23].  

 

During the setting reaction, an initial burst of fluoride 

release may be observed from the glass particles, and 

this release is very high over the first 24 hours. It was 

reported that the contemporary GICs release maxi-

mum fluoride during the first 24–48h [24–27]. Numer-

ous studies estimated that the amount of fluoride re-

leased was in the range of 5 to 155ppm [25-28]. Bell et 

al. [28] evaluated the released fluoride from GICs into 

artificial saliva at different time intervals. They report-

ed that the GICs released 1.0 ppm of fluoride within 10 

min after immersion and the cumulative total fluoride 

release was 15 ppm in the first 24 hours. However, the 

initial burst of fluoride release may slow down over a 

period, and a sustained release of fluoride in lower 

concentrations might occur in GICs. Several in vitro 

studies reported the long-term fluoride release from 

glass-ionomers from a period of few months to a maxi-

mum period of three years [29-31]. 

 

2.2 Modified glass ionomer cements 

Metal-reinforced glass-ionomers release less fluoride 

content compared to conventional glass-ionomer 

cements [29, 32-34]. This less release in fluoride content 

can be attributed to the availability of less fluoride as it 

may be replaced by the silver or due to the formation 

of silver fluoride which binds the fluoride ions into the 

cement that prevents the release of the fluoride [35].  
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Resin-modified glass-ionomer cements (RMGICs) 

were developed to address the problems of moisture 

sensitivity and low initial mechanical strengths typical 

for conventional glass-ionomers [18]. Both conven-

tional and RMGICs were found to have a similar pat-

tern of fluoride release from them. Several studies 

showed the maximum amount of fluoride release (5–

35µg/cm2) from different RMGICs during the first 

24hours in various storage media [27, 36-37]. From 

the literature available, it can be observed that the 

mean concentration of fluoride release from RMGIC 

specimens into deionized water over the first 24hours 

after setting amounted from 22–65ppm for the first 6h 

to 3–20ppm for the 18–24h period [24]. Therefore, 

similar to conventional GICs, it is evident that the 

amount of fluoride release would be decreased as the 

restoration is ageing.  

 

On the other hand, polyacid modified composite 

(Compomer) does not show initial fluoride release 

burst effect [26,27,39] as shown by conventional and 

RMGICs. However, the levels of fluoride release remain 

relatively constant over time [26]. This can be at-

tributed to a more tightly bound and/or less hydro-

philic matrix of the composite resin [40], and fluoride 

is tightly bound to the filler particles, which are en-

closed in the polymer matrix [37]. Polyacid-modified 

composites containing glass fillers and ytterbium tri-

fluoride are reported to release significant amounts of 

fluoride than those containing Strontium fluoride 

[25,41-44]. 

 

Giomers are the new group of materials developed in 

glass ionomer cements family. As compomers, giomers 

also do not show an initial ‘burst’ effect of fluoride 

release. The amounts of fluoride release from the gio-

mers are considered less than the conventional glass 

ionomers, but, significantly more than the compomers 

and composite [26, 45].  

 

2.3 Composites 

Resin-based composites are widely used in dentistry 

for various applications. Composites are composed of 

the resin matrix, filler particles and coupling agents 

[18, 46-48]. Earlier composites do not possess anticar-

iogenic effect as they do not contain fluorides. However, 

recently developed composite formulations contain 

fluorides either in the form of inorganic salts or leach-

able glasses or organic fluoride. The amount and rate 

of fluoride release from these composites depend on 

the type of fluoride, amount of fluoride, the size of  
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fluoridated filler particles and the hydrophilicity of the 

polymer matrix [48-51]. It was reported in the litera-

ture that the fluoride release from composites is lower 

compared to fluoride released from conventional GIC, 

RMGIC and compomers [25,31,37,40,52]. 

 

2.4 Amalgam 

Amalgam is a direct metallic restoration, and it is an 

alloy of mercury with silver, tin, and copper [18]. Nu-

merous studies investigated the amount of fluoride 

released from amalgam [53-55]. Several in vitro stud-

ies showed that the amalgam restorations release very 

fewer fluoride levels compared to conventional and 

modified GICs [53, 54]. Garcia-Godoy F et al. reported 

very less amount of fluoride release from amalgam 

restoration (less than 0.02ppm) within four weeks 

[55].  

 

3. Conclusion  

 

Fluoride released from restorative materials effectively 

prevent the formation of secondary caries. Fluoride 

levels from various restorative materials may vary 

depending on the type and amount of fluoride incorpo-

rated into the restorative materials formulations. How-

ever, fluoride release from different fluoridated restor-

ative materials may decrease on the ageing of restora-

tion. 
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