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Abstract: Dental caries is an infectious microbiologic disease that results in destruction of calcified tissues.
The routine drill and fill technique eliminates bacteria only at the site of restoration and recolonization can
occur in remaining part of oral cavity. Present day treatment aims on conservation of tooth structure by
identifying decalcification in earlier stages followed by treatment with remineralization. This paper discusses on
various remineralization treatment options available and their mode of action.
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I.  Introduction

The human tooth is composed of highly mineralized tissues of the body containing hydroxyapatite as
the primary constituent.

Miller’s “chemoparasitic theory” states that caries is brought about by acid dissolution of mineral
phase of teeth, the acid being produced by metabolism of dietary carbohydrates by oral bacteria. This theory
emphasizes that there is an association between mineral content of teeth and dental caries.

Dental hard tissues are continuously undergoing cycles of demineralization and remineralization. A
drop in pH of oral cavity results in demineralization which if continued leads to loss of minerals from tooth
structure resulting in dental caries. The reversal can occur if pH rises resulting in deposition of calcium,
phosphate and fluoride [1, 2].

Dental caries is a dynamic process which occurs when demineralization exceeds remineralization.
But progression of dental caries is a slow process and during early stages non-invasive intervention can convert
the lesion to inactive state from an active state [3]. This principle is the key to preventive dentistry. The
preventive approach of identification, conservative, non-restorative treatment of incipient caries saves both
dental manpower for profession as well as expense and suffering for the patient.

Early diagnosis of incipient lesions can lead to new era in preventive dentistry in the form of
remineralization. The best mode for caries management is use of remineralizing products. Presently fluoride,
calcium phosphate-based systems, calcium sodium phosphosilicate, etc., that help in remineralization are
available commercially. This article focuses on various remineralizing agents and their mode of action and
clinical applications.

Il.  Fluorides
Fluorides are the most effective agent in prevention of dental caries. They are supplied in the form of

dentifrices and rinses for personal use. Professionally, they are used in the form of varnishes, solutions, gels and
fluoride releasing restorative materials. The mechanism of action of fluorides includes [4]:

e The fluoride ion can exchange with hydroxyl group in the apatite crystal forming fluorapatite which is
more stable and less soluble crystal,
The fluoride can enter void spaces on the apatite crystal and provide stability by additional bonds,
Fluorides can contribute to remineralization of early lesions,
Fluorides can act as an antimicrobial agent against bacteria and
Inhibits enzymes essential to bacterial metabolism and growth [5].
Fluoride at optimal levels has a definite anticaries effect which is a boon to preventive dentistry.

2.1 Personally used Fluorides
2.1.1 Fluoride Dentrifices and Mouthrinses [6]

Dentrifices contain 0.1% fluoride and uptake of this fluoride in etched enamel or in incipient lesions
enhances remineralization.

Fluoride mouthrinses are advised for school children over 5 years of age, person with high caries
susceptibility and patients with orthodontic and prosthetic appliance.
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2.2 Professionally applied Fluorides
2.2.1 Fluoride Solutions [6]

The topical solutions of fluoride used are 2% sodium fluoride, 8% stannous fluoride and 1.23% of
acidulated phosphate fluoride solutions.

Initially a prophylaxis is done followed by drying and isolation of each quadrant and this 2% sodium
fluoride is applied for 3-4 minutes. This procedure is called Knutson’s technique which is done at 3, 7, 10 and
13 years. Calcium fluoride reservoir is formed in this technique.

8% SnF, is applied for 2 minutes and when this solution reacts with enamel, tin phosphate, calcium
fluoride and tin-fluoride-phosphate are formed.

1.23% of acidulated phosphate fluoride solutions leads to demineralization of enamel and hence forms
calcium fluoride and releases phosphate. Phosphate shifts the equilibrium leading to formation of
hydroxyapatite and fluorapatite.

2.2.2 Fluoride gels [6]
Gels adhere to teeth and eliminate continuous wetting of enamel and it is possible to treat two-four
quadrants simultaneously.

2.2.3 Fluoride varnish [6]

Topical fluoride reagents have the disadvantage of rapid loss of soluble fluoride formed on teeth. To
combat this problem, waterproof sealant in the form of fluoride varnish was introduced [7]. This procedure
improves reaction time between fluoride and enamel providing long term effect. Currently, sodium fluoride
based varnish (Duraphat) and polyurethane based varnish (Fluorprotector) are commonly used.

2.2.4 Fluoride Releasing Restorative Materials

Glass ionomer cement releases fluoride which is found to be incorporated in enamel [8], cavity walls
[9] and bacteria inhibiting acid production [10,11]. Further fluoride recharge ability of glass ionomer cement
helps in long term inhibition of caries. The recharging ability of this cement fully depends on the hydrogel layer
over glass filler. Initially glass ionomer cement releases fluoride which reduces over time wherein this released
fluoride can be recharged with extrinsic fluoride [12] in the form of fluoride solution, varnish, fluoridated
dentrifice [13] or fluoride mouthrinse.

Compomers consists of silicate glass particles, sodium fluoride and polyacid-modified monomer
without any water. Compomers release less fluoride compared to glass and hybrid ionomers [14].

Giomers consists of pre-reacted glass ionomer particles and composites thus exhibiting properties of
fluoride release and recharging with excellent aesthetics [15]. Giomers released more fluoride than compomer or
composites [16].

Pit-and-fissure sealants contain strontium-fluoride-aluminosilicate glass as filler which undergoes
hydrolysis and releases fluoride through external and internal diffusion [17].

I11.  Calcium Phosphate Based Remineralization

Four systems are based on calcium phosphate:
3.1 Enamelon™ s based on technology of unstabilized amorphous calcium phosphate with fluorides. This
works on the principle that since calcium and phosphate ions are not stabilized thus allowing the two ions to
combine into insoluble precipitates. These precipitates dissolve in saliva releasing amorphous calcium fluoride
phosphate precipitates which in turn transforms to a more thermodynamically stable fluorhydroxyapatite.
Calcium and phosphate ions henceforth transiently bioavailable promotes remineralization by inhibiting
demineralization [18].
3.2 Recaldent™ is derived from casein, a protein derived from cow’s milk. It is technically available as casein
phosphopeptide stabilized amorphous calcium phosphate. This technology works when casein phosphopeptide
binds to pellicle and plaques by stabilizing high concentrations of calcium and phosphate ions with fluorides at
tooth surface. These ions can freely diffuse to enamel subsurface lesions to promote remineralization [18].
3.3 Bioactive glass is composed of SiO, Na,O, CaO and P,Os developed by professor Larry Hench [19]. It is
commercially available in the form of Novamin™ consisting of calcium sodium phosphosilicate.

When microscopic particles of Novamin™ are exposed to saliva, they release mineral ions forming
hydroxycarbonate apatite, the chief mineral constituent of teeth [20]. Novamin™ can kill upto 99.9% of
pathogens associated with caries [21, 22].

3.4 Clinpro Tooth Creme™ is a commercially available organically modified tricalcium phosphate which can
coexist with fluoride in aqueous environment. During brushing, this toothpaste contacts saliva and thereby
calcium, phosphate and fluoride ions become readily available to tooth thus preventing demineralization [23].
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IV. Sugar Substitute
Xylitol is a naturally occurring pentilol which is a sugar substitute incorporated in chewing gums.

Manton et al. showed that remineralization can occur with the use of sugar-free gum containing xylitol [24].
Xylitol acts by [25]:

Reducing plaque formation

Making plaque less adhesive

Neutralize plaque acids by decreasing the production of lactic acid

Reducing the levels of streptococcus mutans

Increasing the salivary flow [26].

V. Ozone

Ozone is a chemical compound which is a powerful oxidizing agent. Ozone acts by attacking thiol
groups of cysteine amino acid and destroys the cellular membrane of carious bacteria [27]. Ozone can shift
microbial flora from acidogenic and aciduric micro-organisms to normal commensals allowing remineralization
to occur [28].

Presently HealOzone (KaVo GmbH , Germany) remineralizing solution consisting of xylitol, fluoride,
calcium, phosphate and zinc is approved for treatment of caries. It can be used as 2100 ppm of ozone = 5% at a
flow rate of 615 cc/min for 40 seconds [29].

VI. Conclusion
Prevention of dental caries by remineralization is a whole concept and philosophy focussing on
intervention at the earliest possible stage with long term protection of the patient as a whole entity.
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