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Abstract  

 

Among oral diseases dental caries is a highly prevalent multifactorial disease and has been a major public health problem 

for many centuries. Several remineralizing agents helps in remineralization to prevent disease progression, and to 

improve form and function of the teeth. Remineralization is the process of depositing calcium and phosphate ions into 

crystal voids in demineralized enamel, thus producing net mineral gain. The present article reviews about the various 

agents that enhance and promote remineralization of tooth structure and their implementation into clinical practice.  
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INTRODUCTION  
Dental Caries is the most prevalent chronic 

diseases worldwide, and a burden to health-care 

services [1]. The proportion among demineralization 

and remineralization is critical, deciding the hardness 

and quality of tooth structure. Demineralization results 

from a complex chemistry between bacteria, diet, and 

salivary components [2]. 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 [3]. Remineralization is defined as the process 

whereby calcium and phosphate ions are supplied from 

a source external to the tooth to promote ion deposition 

into crystal voids in demineralized enamel to produce 

net mineral gain[4]. Minimum intervention as the term 

refers to the principle of treatment in dentistry in which 

early intervention minimizes tooth destruction because 

the disease is diagnosed prior to the destruction of the 

tooth. Hence it is possible to remineralize the carious 

lesions [5]. The principles of minimal intervention in 

the management of dental caries (adopted by the FDI 

General Assembly, 1st October, 2002, Vienna) are [6]: 

 Modification of oral flora 

 Patient education 

 Remineralization of cavitated lesions of 

enamel and dentin 

 Minimal intervention of cavitated lesions 

 Repair of defective restorations. 

 

Flouridated and Non-flouridated agents cause 

the remineralisation of the carious lesions. Flouridated 

agents increases caries resistance may arise from both 

systemic and topical applications of fluoride and can be 

broadly grouped as follows:  

 increased enamel resistance 

 increased rate of maturation 

 remineralization of incipient caries 

 interference with micro-organisms and 

improved tooth morphology[7].  

 

Ideal Requirements of Remineralizing Material 

 It Should deliver calcium and phosphate into 

the sub‑ surface 

 It Should not deliver an excess of calcium 

 It Should not favor calculus formation 

 It Should work at an acidic pH to stop 

demineralization during a carious attack 

 Should be able to work in xerostomic patients 

as saliva cannot effectively stop the carious 

process 

 Should be able to boost the remineralizing 

properties of saliva 

 The novel materials should be able to show 

some benefits over fluoride
8
. 
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Sugar Substitutes  
Consumption of diet rich in sucrose results in 

high caries activity. Replacing sucrose with the 

alternatives called as sugar subistitutes. Xylitol is a 5-

carbon sugar which has shown non-cariogenic and 

cariostatic results and its anticariogenic effects is 

attributable to antimicrobial action, stimulation of saliva 

results in increased PH. Increased salivary flow results 

in increased buffering capacity against acids and high 

mineral content will provide the minerals to 

remineralize the damaged areas of enamel [9, 10]. 

Studies [11-13] have shown xylitol causes the net 

reduction in caries is by 83-99%. Sorbitol stimulates 

saliva without causing a drop to the critical PH. The 

capacities of xylitol and sorbitol to remineralize early 

veneer caries appear to be nearly similar [14]. Isomalt is 

a non-cariogenic sugar that is generally utilized as a 

sugar substitute. Adding isomalt to a demineralizing 

arrangement has appeared to fundamentally decrease 

tooth mineral loss [15]. 
 

Fluorides 

Fluoride is known for its anti-caries effect as it 

promote the development of fluorapatite, which is more 

corrosive safe than hydroxyapatite and helps in 

remineralization, obstruct the ionic holding during 

pellicle and plaque arrangement and restraint the 

microbial development and metabolism[16].  

 

'Non-acidic' type 
Neutral Fluoride solutions, Fluoride tablets, 

Duraphat, Elmex, which have sufficient Fluoride 

content to react with the outer enamel and produce 

sufficient Ca2+ ions by dissolution of the solid tooth 

structure so that CaF2 and some Fluorohydroxyapatite 

(FAP) is precipitated. 
 

'Acidic' type 
These include acidulated phosphate fluoride 

solutions, Fluor Protector, some toothpastes and acidic 

mouth rinses. These produce Ca2+ by etching the 

enamel surface directly because of the low pH and 

precipitate CaF2 and FAP on the surface. Fluoride 

which is released from CaF2 gets precipitated on the 

surface of tooth and can have the following effects [17]:  
 

(i) It increases the salivary Fluoride level.  

(ii) It diffuses rapidly through permeable, mineral-

deficient, micrometer size spots into the underlying 

enamel. 
 

Fluoride is highly effective on smooth surface 

caries but it has limited effect on pit and fissure caries 

[18]. Although fluoride presents no problems when 

used properly, among certain parts of the world, there 

has been the suggestion that fluoride exposure should 

be limited [19]. Overexposure of fluoride can also cause 

fluorosis. All these limitations have prompted 
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researchers to look for non‑ fluoridated alternatives for 

remineralization. Nordstrom and Birkhed [20], 2010 

showed a superior preventive effect of a 5,000-ppm 

dentifrice compared with a 1,450-ppm-F dentifrice in a 

two-year clinical trial in adolescents. Numerous clinical 

trials have demonstrated the efficacy of a high-

concentration fluoride varnish in high-caries-risk 

individuals (Autio-Gold and Courts
 
2001 [21], Ferreira 

et al. [22, 23] 
 
 

 

Tri-Calcium Phosphate or Clinpro Tooth Crème 

TCP boosts fluoride efficacy by providing the 

catalytic amount of calcium which coexists with 

fluoride in a mouth rinse or dentifrice. TCP breaks the 

protective barrier, is moistened by saliva as it comes in 

contact with the tooth and thus facilitates the 

availability of calcium and phosphate [11]. 

 

Casein Phosphor Peptide - Amorphous Calcium 

Phosphate (CPP-ACP) 

Casein, a milk phosphor-protein, interacts with 

calcium and phosphate. It is used as CPP-ACP (casein 

phophopeptides with amorphous calcium phosphate) or 

CPP-ACFP (casein phophopeptides with amorphous 

calcium fluoride phosphate). As the pH of the material 

increases, the bound form of amorphous calcium 

phosphate increases thereby stabilizing free calcium 

and phosphate. CPP stabilizes the calcium and 

phosphate ions in dental plaque and dental enamel. 

CPP-ACP can restrict ACP at the tooth structure, 

expanding the degree of calcium phosphate in plaque 

and henceforth may go about as a calcium phosphate 

reservoir, buffering the free calcium and phosphate 

particle exercises, there-by CPP stabilizes ACP, thereby 

maintaining state of supersaturation of calcium and 

phosphate, reducing demineralization and increasing 

remineralization [24,25]. CPP also is believed to have 

an antibacterial and buffering effect on plaque and 

interfere in the growth and adherence of Streptococcus 

mutans and Streptococcus sorbinus. CPP-ACP 

fundamentally diminished caries action in a subordinate 

way, as 1% CPP-ACP delivered about a 55% decrease 

in smooth surface caries and a 46% decrease in gap 

caries movement, which is comparative essentially to 

that created by 500 ppm of fluoride. Combined with 

fluoride, CPP-ACP has an additive effect on caries 

activity [26]. Morgan et al. in 2008 conducted 2 year in 

vivo study and resulted that CPP-ACP significantly 

slowed progression of enamel caries on proximal 

surfaces [27]. Similarly Rao et al in 2009,Wong RH et 

al. in 2010, Zalizniak et al. in 2013, Shadman et al. in 

2015 did both in vivo and in vitro studies from time to 

time regarding CPP-ACP and ended the study with 

positive results [28,29]. A portion of 5 gm of CPP-ACP 

delivered 148% more remineralization contrasted with 

2 gm of CPP-ACP per liter of milk. It has shown 

anticariogenic, anti –erosive efficiency and reduces 

dentine hypersensitivity. It is delivered in the form of 

chewing gum, mouthwashes, dentifrices, and also added 

in various restorative materials [30].  

Amorphous Calcium Phosphate  

It acts as a reservoir of calcium and phosphate 

for dental enamel and was first described by Aaron S 

Posner in the mid-1960s. ACP was present in a 

dentifrice called Enamelon also contained unstabilised 

calcium and phosphorous with fluoride. This 

formulation delivers fluoride to the site thereby causing 

remineralisation of the enamel [24]. However, Unstable 

fluorapatite would sequester accessible fluoride 

particles and decrease the capacity to remineralize 

lacquer during corrosive test. Thus, the dependability of 

ACP is an issue [31].  

 

Bio Active Glass (Sodium Calcium Phosphosilicate) 
Bioactive glass, a biomimetic material, affects 

the signaling pathway, thereby restoring the tooth 

structure. NovaMin contains bioactive glass, and 

calcium sodium phosphosilicate. It has antimicrobial 

activity towards Steptococous mutans and 

Streptococcus sanguis. It aids in remineralization of 

tooth structure especially in patients with systemic 

problems. Bioglass was invented by Dr. Larry Hench 

in1960s. It acts as a biomimetic mineralizer matching 

the body’s own mineralizing traits while also affecting 

cell signals in a way that benefits the restoration of 

tissue structure and function [11].  

 

It interacts with saliva and discharges sodium, 

calcium, and phosphorous particles into the spit that are 

accessible for remineralization of the tooth surface. 

These particles have been appeared to discharge 

particles and change into HCA for as long as about 

fourteen days. At last, these particles will totally change 

into HCA [23]. Caries can also result from inadequate 

saliva, without which fluoride is of limited value. Thus, 

individuals who experience reduced calcium, phosphate 

and fluoride ions caused by hyposalivation can benefit 

from the use of bioactive glass. In addition, women are 

at increased caries risk due to inadequate salivary 

calcium levels at different points in their lives, 

including ovulation, pregnancy and post‑ menopause, 

resulting in the same net effect as reduced saliva 

fluoride efficacy. Thus, the use of bioactive glass 

(Novamin Technology) in remineralization of enamel is 

quite promising, especially in patients with systemic 

problems, but further research needs to be undertaken to 

prove its efficacy. The NovaMin Technology was 

created by Dr. Len Litkowski and Dr. Gary Hack. 

Recently available things in the market are DenShield 

Conditioner with NovaMin, NuCare-Prophylaxis Paste 

with NovaMin, and Oravive, NuCare-Root NovaMin: 

SootheRx [32, 33]. 

 

Self-Assembling Peptide  
Recent developments in research have 

revealed the role of treatment with peptide where it 

proved a combined effect of increased mineral gain and 

inhibition of mineral loss from the tooth. β sheet 

forming peptides P11-4 self-assembles themselves to 

form three-dimensional scaffolds under defined 
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environmental conditions which nucleate the 

hydroxyapatite de novo and facilitates mineralized 

tissue regeneration, thus mimicking the action of 

enamel matrix proteins during tooth development. 

Single application of P11-4 is beneficial in the 

treatment of early caries lesions. The anionic groups of 

the P11-4 side chains attract Ca++ ions, inducing the 

precipitation of hydroxyapetite in situ [34, 35]. 

 

Nanomaterials  
Nanoparticles used are Calcium Fluoride 

Nanoparticles. Xu HHK et al. [36] have shown that the 

addition of nanoCaF2 increases the cumulative fluoride 

release compared to the fluoride release in traditional 

glass ionomer cements. Calcium Phosphate-based 

Nanomaterials includes nanoparticles of HAP, TCP, 

and ACP as sources to release calcium/phosphate ions 

and increase the supersaturation of HAP in carious 

lesions. 

 

Theobromine 
Theobromine is a white crystalline powder of 

methylxanthine family. It is seen cocoa (240 mg/cup) 

and chocolate (1.89%) and it differs from caffeine by 

only one methyl group (1, 3, 7 dimethlyxanthine) [37].  

Falster et al. [38] 1993 conducted an animal study and 

it was shown that pure cocoa powder prevents dental 

caries. An increase in the percentage of cocoa extract in 

the diet caused a proportionate reduction in dental 

caries. It was suggested that cocoa extract has an 

anticaries potential. Amaechi et al. [39], observed a 

significantly higher mineral gain with theobromine and 

fluoride toothpaste relative to artificial saliva. Grace 

Syafira et al. [40], have shown an increased enamel 

micro-hardness after treatment with theobromine on the 

enamel surface. Other materials used are Grape seed, 

Polydopamine and Arginine bicarbonate [41]. 

 

CONCLUSION 
Demineralization and remineralization of tooth 

structure is a continuous process. The remineralization 

process can be seen in incipient carious lesions. Newer 

nonfluoride techniques can re-establish the health of 

oral tissues without adverse effects of fluorides. In 

current the motive of restorative dentistry has been 

adminstered towards conservative approach, out of 

which remineralization procedures are the mostly 

preferred. Preventing an incipient lesion from 

developing into a cavitated lesion will go a long way in 

maintaining the teeth of an individual. Since detection 

of carious lesions is possible at an early stage so, 

instead of waiting till frank cavitation, efforts should be 

made to remineralize the lesion in earlier stages using 

appropriate remineralizing agents? 
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