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Abstract: The pathogenesis of enamel caries involves an imbalance in the physiological process of remineralization/ 

demineralization of the dental structure. White-spot lesions are the earliest macroscopic evidence of enamel caries. The 

subsurface loss will continue if early treatment was not made, and eventually the surface layer will collapse and lead to a 

cavity formation. Casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) is a unique, naturally derived 

protein-based remineralizing mechanism. By its incorporation at this stage, the lesion can be reversed. It will have a 

strong impact on the public health aspects of caries control. The aim of this review is to describe the chemical nature, 

mechanism of action, and effectiveness of CPP-ACP as a remineralizing agent and its various uses in clinical conditions 

as well as the different methods of application of CPP-ACP products in modern practice. 
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Introduction :  

Dental caries is a bacterial biofilm induced 

acid demineralization of enamel or dentin, mediated by 

saliva. The disease of early childhood caries (ECC) is 

the presence of 1 or more decayed (noncavitated or 

cavitated lesions), missing (due to caries), or filled tooth 

surfaces in any primary tooth in a child 71 months of 

age or younger[1]. In children younger than 3 years of 

age, any sign of smooth-surface caries is indicative of 

severe early childhood caries (S-ECC).  

 

It is a serious problem that progresses rapidly 

and often goes untreated. Current traumatic treatments 

may be replaced by safe and effective remineralization 

at very early stages especially a recent advancement in 

the phenomenon of remineralization known as the 

casein phosphopeptide-amorphous calcium phosphate 

(CPP-ACP)[9].   

 

What is CPP-ACP ?  

CPP-ACP is an acronym for a complex of 

casein phosphopeptides (CPP) and amorphous calcium 

phosphate (ACP). Caseins are the predominant 

phosphoproteins in bovine milk, they are an 

heterogenous family of proteins predominated by alpha 

1 and 2 and beta caesins. CPPs are phosphorylated 

casein-derived peptides produced by tryptic digestion of 

caesin. This protein nanotechnology combines specific 

phosphoproteins from bovine milk with forming 

nanoparticles of ACP. The precise ratio is 144 calcium 

ions; 96 phosphate ions and six peptides of CPP[2].  

 

Mechanism of Action of CPP-ACP :   

The possible cariostatic potential of dairy 

products is the subject of many reports in the literature. 

In 1991, the complex CPP-ACP, derived from a major 

protein found in milk called casein, was patented in the 

United States[3].The complex is presented as an 

alternative remineralizing agent that is remarkably 

capable of stabilizing calcium phosphate, maintaining a 

state of supersaturation of these ions in the oral 

environment. In the past, the clinical use of calcium and 

phosphate ions for remineralization was relatively 

unsuccessful due to the low solubility of calcium 

phosphates, particularly in the presence of fluoride ions. 

To overcome these difficulties, a new calcium 

phosphate remineralization technology was developed 

based on casein phosphopeptide-amorphous calcium 

phosphate (CPP-ACP), where CPP stabilizes high 
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concentrations of calcium and phosphate ions, together 

with fluoride ions, at the tooth surface by binding to 

biofilm[10]. The ACP technology was introduced in the 

early 1990and has demonstrated anticariogenic activity 

in laboratory, animal and human in situ experiments. 

Reynolds and colleaguesreported that CPP-ACP binds 

readily to the surface of the tooth, as well as to the 

bacteria in the plaque surrounding the tooth. In this 

way, CPP-ACP deposits a high concentration of ACP in 

close proximity to the tooth surface[16]. Therefore 

under acidic conditions, this localized CPP-ACP buffers 

the free calcium and phosphate ions, substantially 

increasing the level of calcium phosphate in plaque and 

maintaining a state of supersaturation that inhibits 

enamel demineralization and enhances remineralization.  

 

Application of CPP-ACP in peadiatric dentistry  

 Remineralization of White-Spot Lesions : 

White-spot lesions are considered as a non-

cavitated carious lesions extending up to the dentin-

enamel junction. They can be arrested by using 

remineralizing agents. The casein phosphopeptides and 

amorphous calcium phosphate CPP-ACP is biologically 

active and able to release calcium and phosphate ions to 

maintain the supersaturated state, thus improving the 

remineralization process[11,25].  

 

 Remineralization of Early Enamel Lesions of 

Primary Teeth : 

Early childhood caries (ECC) is a major public 

health problem world wide. It corresponds  at any form 

of caries in infants and preschool children. It begins 

with white-spot lesions, and caries can progress rapidly, 

leading to complete destruction of the crown. Calcium 

and phosphate ions are more readily lost for children 

because they eat mainly soft and sweet foods, and due 

to lower mineralization of deciduous enamel. The 

disease usually develops very quickly and causes many 

childhood health problems, such as caries-related 

toothache and infection. Demineralization and 

remineralization are dynamic processes in caries 

initiation, progression, and reversal. Therefore, 

regulation of the demineralization-remineralization 

balance is a key to caries prevention and 

treatment[3,6]. Reynolds et al have shown CPP-ACP to 

be effective in the remineralization of carious lesions. 

In their study, the use of CPP-ACP resulted in an 

increase in the remineralization of the dental enamel 

and dentin as observed under scanning electron 

microscopy (SEM)[16]. Another study suggests CPP-

ACP can be expected to be effective in high-risk 

children who have not developed good oral hygiene 

habits. When used in combination with fluorides, CPP-

ACP shows better results and lower caries scores than 

when used individually[4]. Synergistic effects of CPP-

ACP and fluoride have been reported in several studies. 

An in-situ study conducted by Srinivasan et al 

compared the remineralizing potential of CPP-ACP and 

CPP-ACP with 900 ppm fluoride on enamel softened by 

cola drink. The study showed better results in CPP-ACP 

with 900 ppm fluoride and confirmed the synergistic 

effects of CPP-ACP with fluoride on remineralization 

of eroded enamel[5,7].  

 

 Prevention of white-spot lesions during 

orthodontic treatment : 

The casein phosphopeptides and amorphous 

calcium phosphate (CPP-ACP) has been used to prevent 

demineralization during orthodontic treatment which 

can cause white-spot lesions at the tooth surface that 

can further develop into caries, as explained by Ogaard 

et al. The application of CPP-ACP resulted in a 

reduction in the demineralized areas, and this effect was 

more pronounced when CPP-ACP was combined with 

fluoride toothpaste[8,11,25].  

 

 Prevention of enamel erosion caused by sports 

drink, soda or swiming pool water :  

Ramalingam et al conducted an in-vitro study to 

determine if the incorporation of CPP-ACP to a  

powerade sports drink would eliminate enamel erosion. 

The authors concluded that there was significant 

reduction in the beverage’s erosivity without affecting 

the product’s taste[12,22]. 

 

 Prevention of caries in patients with 

xerostomia : 

In vivo studies in patients with xerostomia treated 

with CPP-ACP as mouth rinses show a lower rate of 

new caries lesions than for patients treated with 0.05% 

fluoride mouth rinses, although there were no 

significant differences between the groups after a 

control period for 12 months[4]. 

 

Delivery method :  

Casein phosphopeptide-amorphous calcium 

phosphate (CPP-ACP)is available in different 

presentations: 

 

CPP-ACP in toothpaste :toothpastes containing CPP-

ACP with a concentration of 10% are effective in the 

remineralization of early enamel lesions[14]. 

 

CPP-ACP in mouthrinse : mouthrinse containing 

CPP-ACP, with a concentration from 2% to 10% 

increase significantly the concentration of ions of 

calcium and phosphate in the biofilm[15]. 

 

CPP-ACP in varnish :varnish containing 2.26% CPP-

ACP has the highest release of calcium and phosphate 

ions in oral environnement[13]. 

 

CPP-ACP in sealants : Sealants based on ACP-filled 

methacrylate composites have the potential to 

remineralize carious enamel lesions[27]. 

 

CPP-ACP in chewing-gum :by adding 3% CPP-ACP 

in chewing gum enhances significantly the 

remineralization of early enamel lesions and prevents 
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the appearance of new lesions[20]. 

 

Conclusion :  

CPP-ACP is a unique, naturally derived 

protein-based remineralizing technology that is now 

used globally in chewing-gums and topical past. The 

aim of this review is to present the benefits of CPP-

ACP in pediatric dentistry as an effective agent for 

enamel remineralization and for preventionof early 

dental caries and dental erosion. 
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