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A compendium on remineralizing agents in dentistry 

 
Dr. Pratik Pande, Dr. Vivek Rana, Dr. Nikhil Srivastava and Dr. Noopur 

Kaushik 
  
Abstract 
Dental caries is a multifactorial disease and has been a major public health problem worldwide. 

It is an infectious microbiologic disease that causes destruction of calcified tissues of tooth. Nowadays, 

emphasis is being laid down on non-invasive management approach for non-cavitated lesions using 

remineralizing agents. The aim of this review is to update regarding the various remineralizing agents 

used in dentistry and their mode of action. 
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Introduction 

Esthetic dentistry is a discipline within dentistry in which the primary focus is the alteration of 

functional and structural appearance of patient’s oral structures, in conjunction with the 

treatment and prevention of oral disease. Dental caries is one of the main culprit to pleasing 

aesthetics. During the dental caries process, a cycle of demineralization and remineralization 

takes place with many stages either reversible or irreversible. White spot lesions are 

manifestations of the earliest stage of caries progression and can be reversed, but if the stage of 

demineralization persists, it ultimately leads to cavitation [1]. 

Modern day dentistry has shifted the focus from Black’s extension for prevention to 

prevention of extension. Nowadays, non-invasive management of non-cavitated carious 

lesions through remineralization is being emphasized in order to prevent disease progression, 

and to improve aesthetics, strength and function of teeth. 

Fluorides are agents well known to inhibit demineralization and promote remineralization. On 

application to the enamel surface, fluoride ions replace the hydroxide ions in the 

hydroxyapatite crystal structure of the teeth and forms fluorapatite3. The lower solubility of 

fluorapatite compared to that of hydroxyapatite results in higher acid resistance of the enamel 

when exposed to demineralization by bacterial acids. Fluoride also decreases the critical pH 

from about 5.5 to 4.5, thus decreasing the point at which demineralization occurs [5]. 

 

Rationale for alternative to fluoride 

The ability of fluoride to promote remineralization is limited by the availability of phosphate 

and calcium ions. Hence, this can be the limiting factor [5]. Moreover, fluoride might be 

efficient on smooth surface caries but its effect is limited on pit and fissure caries. 

Overexposure of fluoride can also lead to fluorosis. These limitations have prompted 

researchers to search for non-fluoridated alternatives for remineralization. 

 

Requirements of a remineralizing agent 

 Should deliver calcium and phosphate into the sub- surface of tooth 

 Should not promote formation of calculus [6] 

 Should work efficiently at acidic pH so as to prevent demineralization during a carious 

attack 

 Should be capable of enhancing the remineralizing properties of saliva. 

 Should be able to work in patients with xerostomia since saliva cannot effectively stop the 

carious process 

 The novel materials should be able to show some advantages over fluoride7. 
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Indications of remineralizing agents 

 An adjunct preventive therapy to decrease caries in high- 

risk patients. 

 Reduce dental erosion in patients with gastric reflux or 

other disorders. 

 To decrease decalcification in orthodontic patients. 

 To repair enamel in cases involving white-spot lesions. 

 Orthodontic decalcification or fluorosis or before and 

after teeth whitening and to desensitize sensitive teeth8. 

 

Remineralizing agents  

Various remineralizing agents are available in the market. On 

the basis of composition, they can be classified as follows :- 

 

(I) Non-fluoridated remineralizing agents 

(a) CPP-ACP (Casein Phosphopeptides - Amorphous 

Calcium Phosphate) 

CPPs are phosphorylated casein- derived peptides formed as a 

result of  

Tryptic digestion of casein. The phosphoryl residues of CPP 

bind to ACP nanoclusters in metasolution, preventing their 

growth to the critical size which is essential for nucleation and 

precipitation. 

CPP-ACP nanocomplexes decrease demineralization and 

promote remineralization by localizing ACP in dental plaque, 

which buffers free calcium and phosphate ion activities, hence 

aiding in maintaining a state of supersaturation in relation to 

tooth enamel [9-10]. CPP-ACP complexes are also able to 

diffuse into the body of the sub-surface enamel lesion because 

of their small size and ion neutrality. Moreover, the CPPs 

have been shown to keep fluoride ions in solution, hence 

increasing the effectiveness of fluoride as a remineralizing 

agent [11-12]. CPP-ACP has been trademarked as Recaldent, 

and is available in chewing gums, mouthrinse and 

confectionary. Moreover, a sugar-free, water-based cream 

containing RECALDENT TM (CPP-ACP) is also available in 

market. (Prospec MI Paste/ GC Tooth Mousse) [13]. 

 

(b) Amorphous Calcium Phosphate (ACP) Technology 

The ACP technology comprises of a two-phase delivery 

system in order to prevent the calcium and phosphorous 

constituents from interacting with each other before its use. In 

this, calcium sulfate and dipotassium phosphate are the salts 

which act as sources of calcium and phosphorous. When these 

two salts are mixed, they yield ACP which can precipitate on 

to the tooth surface. This precipitated ACP can then dissolve 

into the saliva and contribute to remineralization [14]. 

The ACP technology was introduced by Dr. Ming S. Tung [15]. 

In the year 1999, ACP was introduced into toothpaste called 

Enamelon. However, one issue with Enamelon™ is that 

calcium and phosphate are not stabilized, hence the two ions 

combine into insoluble precipitates even before they are into 

contact with enamel or saliva. This is unlike Recaldent™, in 

which the casein phosphoproteins aids in stabilizing calcium 

and phosphate [16]. 

 

(c) Bioactive Glass or Bioglass (Sodium calcium 

phosphosilicate) 

 

Bioglass acts as a biomimetic mineralizer because it simulates 

the body’s natural mineralizing traits. It also affects cell 

signals so that restoration of structure and function of tissue 

may occur [17]. 

Bioactive glass releases sodium, calcium and phosphorous 

ions as soon as it comes in contact with saliva. These released 

ions directly forms hydroxycarbonate apatite(HCA). They 

also bind to the suface of tooth and continue to release ions 

and aid in remineralization after the initial application. It has 

been observed that these particles release ions and convert 

into HCA for upto 2 weeks. These particles will ultimately 

transform completely into HCA [18]. In a study, it was 

observed that composites with incorporated bioglass enhanced 

remineralization of the surrounding dental tissues [19]. 

The bioactive glass is traded as Novamin, which was 

formulated by Dr. Len Litkowski and Dr. Gary Hack7. 

 

(d) Tri-Calcium Phosphate 

Tri-calcium phosphate is developed by a milling procedure 

which results in fusion of beta tricalcium phosphate (TCP) 

and sodium lauryl sulfate or fumaric acid. 

TCP comprise of calcium environments that are available for 

reaction with fluoride and tooth enamel. It also possesses 

structural resemblance with the hydroxyapatite of tooth 

enamel. The calcium environments of TCP are well protected 

in order to prevent premature interaction between calcium and 

fluoride. When it comes in contact with saliva, the calcium, 

phosphate and fluoride ions of TCP become available to the 

enamel and promote remineralization of the enamel20. 

 

(e) Dicalcium Phosphate Dihydrate (DCPD) 

Dicalcium Phosphate Dihydrate is a precursor for apatite, 

which in the presence of fluoride readily converts into 

fluorapatite. It has been observed that inclusion of Dicalcium 

Phosphate Dihydrate in dentrifices increase the levels of free 

calcium ions in plaque fluid, and these remain elevated for 

upto 12 hours after brushing, in comparison to conventional 

silica dentrifices [7]. 

 

(f) Nanohydroxy Apatite 

Nano-hydroxyapatite (n-HAP) is one of the most 

biocompatible and bioactive materials, and has gained 

immense popularity in dentistry in recent years. There is 

similarity between Nano- HAP (n-HAP) and the apatite 

crystal of tooth enamel in terms of morphology and crystal 

structure. Hence, it can be substituted for the natural mineral 

constituent of enamel for repair biomimetically [1].  

During the nano-HA remineralization, the acicular crystals of 

nano-HA get sedimented onto the tooth enamel and directly 

fill up defects and micropores on demineralized surfaces. As a 

result there is decrease in defects and cavities of the enamel 

surface and the increase in hardness of the enamel surface. 

Amin M et al [21] conducted a study and concluded that 

commercially available Nano-HAP pastes are effective in 

decreasing the dentinal hypersensitivity if used for 6 months 

as a desensitizing agent.  

 

(g) Self Assembling Peptide 

Peptide treatment for early caries lesion is the area of current 

research. Peptide treatment has shown to increase net mineral 

gain by the combined effect of increased mineral gain and 

inhibition of mineral loss of tooth. 

The beta-sheet-forming peptides, P114 that self assemble 

themselves to form three-dimensional scaffolds under defined 

environmental conditions have been shown to nucleate 

hydroxyl apatite de novo and to have potential applications in 

mineralized tissue regeneration, mimicking the action of 

enamel proteins during tooth development. The anionic 

groups of the P114 side chains attracts calcium ion a, thereby 

inducing the precipitation of HAP in situ [22]. The use of a 

bimimetic peptide such as P114 also has the additional benefit 
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of effecting ‘natural’ repair by regenerating the mineral itself.  

 

(h) Electric Field-Induced Remineralization 

This technique was introduced by Wu in order to remineralize 

completely demineralized dentinal collagen matrix and also to 

decrease the time taken in mineralization. This was achieved 

through this technique in the absence of both calcium 

phosphates and their analogues with the help of 

electrophoresis [23]. 

 

(II) Herbal remineralizingagents 

(a) Xylitol 

Xylitol is a non-fermentable sugar alcohol, produced from 

xylan-rich hardwood such as birch and beech wood. It causes 

inactivation of S. mutans and inhibition of plaque's ability to 

produce acids and polysaccharides, hence exerting anti-

cariogenic effects. It also stimulates increased salivary flow 

when consumed as chewing gums resulting in increased 

buffering capacity against acids and high mineral content 

provides the minerals to remineralize the tooth24. Xylitol is 

not fermented by cariogenic bacteria and, thus, does not lower 

the pH of plaque hence preventing enamel demineralization 

and proliferation of bacteria. 

Miake et al [25] did a study to determine the remineralization 

effects of xylitol on enamel. They concluded that 20% xylitol 

induced remineralization at deeper depths of around 50 to 

60µm by increasing calcium ion accessibility and movement. 

 

(b) Grape Seed Extract 

Grapeseed extract contains proanthocyanidin (PA) which is a 

type of polyphenol. Polyphenols are plant-derived substances 

that have anti-inflammatory and antioxidant properties. 

Proanthocyanidin acts via accelerating the conversion of 

soluble to insoluble collagen. Collagen matrices which are 

subjected to proanthocyanidin are biocompatible and inhibit 

the activity of enzymes like amylase, glucosyl transferase and 

F-ATPase. PA inhibits glucosyl- transferases which are 

produced by Streptococcus mutans, thereby resulting in caries 

inhibition. 

A study conducted by Zhao et al [26] demonstrated that 1, 2 

and 3mg/mL grape seed extract inhibited progression of 

artificial enamel caries lesion. Epasinghe et al. conducted 

an in vitro study and concluded that proanthocyanidin when 

combined with CPP-ACFP (CPP amorphous calcium fluoride 

phosphate) shows synergistic effect on remineralization of 

artificial root caries [27]. 

 

(c) Yogurt Extract 

Milk proteins inhibit demineralization of enamel by getting 

adsorbed on the enamel surface. Milk enzymes also plays a 

role in decreasing the growth of cariogenic bacteria. At acidic 

pH, calcium ions are released from yogurt and thus helps in 

remineralization of enamel [28]. 

A study by Varghese et al [29] proved that yogurt extract was 

effective in inhibiting enamel demineralization of enamel. 

Another study [30] showed that yogurt extract enhances the 

saliva secretion which may contribute to its remineralizing 

properties. 

 

(d) Psidium Cattleianum Leaf Extract 

Psidium cattleianum is also known as strawberry guava. The 

main active agents present in P.cattleianum are flavonoids. 

These flavanoids, (predominantly kaempferol, quercetin and 

cyanidin), and tannin (ellagic acid) possess antibacterial 

activity. These leaf extracts do not contain detectable 

quantities of calcium, phosphate or fluoride. 

P. cattleianum leaf extract acts by inhibiting the protein 

expression related to general metabolism, especially the 

carbohydrate metabolism of S. mutans biofilms. As a result, 

the membrane-associated proteins like glycosyltransferases 

also get inhibited. Brighenti et al [31]. conducted a study and 

concluded that Psidium cattleianum aids in enamel 

remineralization in situ. 

Crivelaro de Menezes TE et al [32] observed that Psidium 

cattleianum aqueous extracts enhances enamel 

remineralization through increase in microhardness. 

 

(e) Hesperidine 

Hesperidine is a flavanoneglucoside and was first isolated by 

Lebreton from the white inner citrus peels. It acts by 

interacting with collagen matrix and induces remineralization. 

This results in stability of collagen matrix and promotes 

remineralization as collagen matrix acts like a scaffold for 

deposition of minerals [33]. 

 

Challenges in the implementation of remineralizing agents 

Active white spot lesions are more likely to undergo 

remineralization as compared to inactive lesion [34]. This is 

because they have surface which is more porous and therefore 

allows better penetration of ions. Possible approaches which 

are suggested includes: Acid etching [35], Microabrasion [36], 

Bleaching/ Deproteination [37-38] or their combination. 

Another problem is that the clinical performance of these non-

fluoridated remineralizing agents might not necessarily get 

predicted by the pre-clinical models and therefore these new 

remineralizing agents still require direct clinical validation to 

ensure efficacy [39]. 

 

Conclusion 

Remineralizing agents are part of a new era of dentistry aimed 

at controlling the demineralization/ remineralization cycle, 

depending upon the microenvironment around the tooth. The 

rationale of these agents is the remineralization of early 

carious and non-carious white lesions, advocating a biological 

or therapeutic approach rather than the traditional surgical 

approach. With a clearer understanding of these 

remineralizing agents and new technologies accessible to 

dentists, we can provide quality dental care using minimally 

invasive methods. 

 

References 

1. Arifa MK, Ephraim R, Rajamani T. Recent Advances in 

Dental Hard Tissue Remineralization: A Review of 

Literature. Int J Clin Pediatr Dent. 2019; 12(2):139–144. 

2. Rosin-Grget K, Lincir I. Current concept on the anticaries 

fluoride mechanism of the action. Coll Antropol. 2001; 

25(2):703-12. 

3. Cury JA, Tenuta LM. How to maintain a cariostatic 

fluoride concentration in the oral environment. Adv Dent 

Res. 2008; 20:13-6. 

4. Tenuta LM, Cury JA. Fluoride: its role in dentistry. Braz 

Oral Res. 2010; 24(1):9-17. 

5. Reynolds EC, Cai F, Cochrane NJ, Shen P, Walker GD, 

Morgan MV, Reynolds C. Fluoride and casein 

phophopeptide-amorphous calcium phosphate. J Dent 

Res. 2008; 87; 344-8 

6. Pradeep K, Prasanna KR. Remineralizing agents in the 

non- invasive treatment of early carious lesions. Int J 

Dent Case Reports. 2011; 1(2):73-84. 

7. Walsh LJ. Contemporary technologies for 

http://www.oraljournal.com/


 

~ 250 ~ 

International Journal of Applied Dental Sciences http://www.oraljournal.com 
remineralization therapies: A review. Int Dent SA. 2009; 

11:6-16. 

8. Tyagi PS, Garg P, Sinha JD, Singh PU. An update on 

remineralizing agents. J Inter Dent. 2013; 3(3):151-8. 

9. Zero DT, Hara AT, Kelly SA, Gonzalez-Cabezas C, 

Eckert GJ, Barlow AP, Mason SC. Evaluation of a 

desensitizing test dentifrice using an in situ erosion 

remineralization model. J Clin Dent. 2006; 17(4):112-6. 

10. Fowler C, Willson R, Rees GD. In vitro microhardness 

studies on a new anti-erosion desensitizing toothpaste. J 

Clin Dent. 2006; 17(4):100-5. 

11. Rose RK. Effects of an anticariogenic casein 

phosphopeptide on Ca diffusion in streptococcal model 

dental plaques. Arch Oral Biol. 2000; 45:569-75. 

12. Reynolds EC. Calcium phosphate-based remineralization 

systems: Scientific evidence. Aust Dent J. 2008; 53:268-

73. 

13. Llena C, Fomer L, Baca P. Anticariogenicity of casein 

phosphopeptides-amorphous calcium phosphate: A 

review of the literature. J Contemp Dent Pract. 2009; 

10:1-9. 

14. Tung MS, Eichmiller FC. Dental applications of 

amorphous calcium phosphates. J Clin Dent. 2003; 10:1-

6. 

15. Tung MS, Eichmiller FC. Amorphous calcium 

phosphates for tooth mineralization. Compendium. 2004; 

25(9):9-13. 

16. Tyagi SP, Garg P, Sinha DJ, Singh UP. An update on 

remineralizing agents. J Interdiscip Dentistry. 2013; 

3:151-8 

17. Chandna P, Srivastava N, Ali S. Remineralizing Agents: 

The Next Frontier. Cur Clin Pharm. 2016; 11:211-20 

18. Du M, Tai BJ, Jiang H, Zhong J, Greenspan D, Clark A. 

Efficacy of dentifrice containing bioactive glass 

(NovaMin) on dentine hypersensitivity. J Dent Res. 2004; 

83:13-5. 

19. Chatzistavrou X, Velamakanni S, DiRenzo K, Lefkelidou 

A, Fenno JC, Kasuga T, Boccaccini AR, Papagerakis P. 

Designing dental composites with bioactive and 

bactericidal properties. Mater Sci Eng C Mater Biol 

Appl. 2015; 52: 267-72.  

20. Narayana SS, Deepa VK, Ahamed S, Sathish ES, 

Meyappan R, Satheesh 

21. KS. Remineralization efficiency of bioactive glass on 

artificially induced carious lesion an in-vitro study. J 

Indian Soc Pedod Prev Dent. 2014; 32(1):19-25. 

22. Amin M, Mehta R, et al. Evaluation of the efficacy of 

commercially available nano-hydroxyapatite paste as a 

desensitising agent. Adv Oral Biol. 2015; 5(1):34–8. 

23. Amaechi BT. Remineralisation therapies for initial caries 

lesions. Curr Oral Health Rep. 2015; 2(2):95–101.  

24. Wu XT, Mei ML, et al. A direct electric field aided bio 

mineralisation system for inducing the remineralisation. 

Materials. 2015; 8(11):7889–99.  

25. Makinen K. Sugar alcohols. Caries incidence and 

remineralisation of caries lesions, a literature review. Int 

J Dent. 2010:1-24. 

26. Miake Y, Saeki Y, Takahashi M, Yanagisawa T. 

Remineralization effects of xylitol on demineralized 

enamel. J Electron Microsc 2003; 52(5):471-6. 

27. Zhao W, Xie Q, Bedran-Russo AK, Pan S, Ling J, Wu 

CD. The preventive effect of grape seed extract on 

artificial enamel caries progression in a microbial 

biofilm-induced caries model. J Dent. 2014; 42(8):1010-

8. 

28. Epasinghe D, Yiu C, et al. Synergistic effect of 

proanthocyanidin and CPP-ACFP on remineralisation of 

artificial root caries. Aust Dent J. 2015; 60(4):463–70.  

29. McDougall WA. Effect of milk on enamel 

demineralization and remineralization in vitro. Caries 

Res. 1977; 11:166-72. 

30. Varghese L, Varughese JM, Varghese NO. Inhibitory 

effect of yogurt extract on dental enamel demineralisation 

- an in vitro study. Oral Health Prev Dent. 2013; 

11(4):369-74.  

31. Murugesh J, Annigeri RG, Raheel SA, Azzeghaiby S, 

Alshehri M, Kujan O. Effect of yogurt and pH equivalent 

lemon juice on salivary flow rate in healthy volunteers - 

An experimental crossover study. Interv Med Appl Sci. 

2015; 7(4):147-51. 

32. Brighenti FL, Gaetti-Jardum E Jr, Danelon M, Delbem 

AC. Effect of psidium cattleianum leaf extract on enamel 

demineralization and dental biofilm composition in situ. 

Arch Oral Biol. 2012; 57(8):1034-40. 

33. Crivelaro de Menezes TE, Botazzo Delbem AC, 

Lourenção Brighenti F, Cláudia Okamoto A, Gaetti-

Jardim E Jr. Protective efficacy of Psidium cattleianum 

and Myracrodruon urundeuva aqueous extracts against 

caries development in rats. Pharm Biol. 2010; 48(3):300-

5.  

34. Islam MS, Hiraishi N, Nassar M, Sono R, Otsuki M, 

Takatsura T, Yiu C, Tagami J. In vitro effect of 

hesperidin on root dentin collagen and de/re-

mineralization. Dent Mater J. 2012; 31(3):362-7. 

35. Timothe J, Bonsi IA, Padilla-Zakour OI, Koo H. 

Chemical characterisation of red wine grape (Vitis 

vinifera and Vitis interspecific hybrids) and pomace 

phenolic extracts and their biological activity against 

Streptococcus mutans. J Agric Food Chem 2007; 

55:10200-7.  

36. Ardu S, Castioni NV, Benbachir N, Krejci I. Minimally 

invasive treatment of white spot enamel lesions. 

Quintessence Int. 2007; 38:633-6. 

37. Bailey DL, Adams GG, Tsao CE, Hyslop A, Escobar K, 

Manton DJ. Regression of post-orthodontic lesions by a 

remineralizing cream. J Dent Res. 2009; 88:1148-53.  

38. Flaitz CM, Hicks MJ. Role of the acid-etch technique in 

remineralization of caries-like lesions of enamel: A 

polarized light and scanning electron microscopic study. 

ASDCJ Dent Child. 1994; 61:21-8.  

39. Robinson C, Hallsworth AS, Shore RC, Kirkham J. 

Effect of surface zone deproteinisation on the access of 

mineral ions into subsurface caries lesions of human 

enamel. Caries Res. 1990; 24:226-30.  

40. Clarkson BH, Rafter ME. Emerging Methods Used in the 

Prevention and Repair of Carious Tissues. J Dent Educ. 

2000; 61:1114-20. 

http://www.oraljournal.com/

