
Remineralization
Nanohydroxyapatite and Calcium Phosphate Ions.
Dr. Philip Marsh first reported the biofilm nature of dental caries and prolonged periods of low pH, not sugar

availability, as being responsible for the increase in acidic bacteria in the biofilm.[1] The shift in pH alters the

components in the biofilm and leads to demineralization. In a healthy individual, following acid challenges,

buffering agents and bacteria in the saliva and biofilm raise the pH and return it to a healthy pH, and then

remineralization occurs.[1] This cycle repeats continuously throughout the day in our mouths. In a healthy mouth,

there is a balance between episodes of demineralization and remineralization with no resulting mineral loss from

the teeth. This normal pH cycling in the mouth is considered healthy, where mineral is lost during periods of low

pH and returns to the teeth during periods of higher pH. In dental caries, there is a loss of this balance with

prolonged periods of low pH, favoring demineralization.

The body maintains healthy tooth mineral by replacing the lost hydroxyapatite and
fluorapatite crystal particles as soon as the pH rises above critical remineralization pH. [2]

Remineralization occurs as a natural process within a healthy individual’s mouth, and for this reason, some

products are designed to mimic this process for the purpose of prevention and therapeutic strategies for dental

caries. Remineralization is a complex process involving the condition of the existing tooth structure, the quantity

and quality of saliva, the content and behavior of the bacteria biofilm, the presence of fluoride, and oral pH. In

order to understand remineralization, it is important to understand how tooth structure is designed and how the

natural process works. Structurally, enamel is basically a crystal. When teeth form, they go through a process

called amelogenesis, which is a process of crystal growth. In nature, crystals grow when in the right environment;

nanoparticles of the crystal that are in a liquid or gas around a larger crystal move toward larger bodies of crystal

and attach themselves. This is described as “oriented attachment”; the nano-sized crystals self-orient and attach

themselves to larger crystals. Remineralization of the teeth works in the same way. The body maintains healthy

tooth mineral by replacing the lost hydroxyapatite and fluorapatite crystal particles as soon as the pH rises above

the critical remineralization pH.[2] For hydroxyapatite, this pH is 5.5, while for fluorapatite, the critical pH is 4.5.

The basic building block of enamel is a crystallite about 20nm in size.

Ionic Forms of Calcium Phosphate

Saliva is the solution around the tooth that allows for remineralization as it is supersaturated with brushite,

octacalcium phosphate, tricalciumphosphate, fluorapatite, and hydroxyapatite nanoparticles—all forms ofcalcium

phosphate.[3] Understanding this, and in an attempt to mimic natural remineralization, various forms of calcium

phosphate ions have been included in some therapeutic strategies in addition to fluoride. Tricalcium phosphate,

amorphous calcium phosphate, and CPP/ACP (casein phosphopeptide coated amorphous calcium phosphate)

have all been added to different oral care products.[4, 5, 6] The scientific results in these topics are mixed; some

conclude there is a lack of evidence or no benefit, while others demonstrate an improved result.[7, 8, 9 , 10] While

some have thought that calcium and phosphate are present in ionic forms in saliva, some of the mixed study

results may be due to the fact that ionic forms of calcium phosphate generally do not occur in saliva unless

salivary pH is influenced by outside sources, as the pH of resting saliva is about 6.75 and the pH of stimulated

saliva is about 7.8, whereby the forms of calcium phosphate would only be available in nanocrystallite particle

form. The biomimetic form of calcium phosphate is a 20 nm particle of hydroxyapatite.

Nanoparticles of Hydroxyapatite

Other non-ion forms of calcium phosphate materials have been

used and studied as well. As hydroxyapatite and fluorapatite are

present in greatest quantities in saliva and are the most

bioavailable form for remineralization, they play the most

significant role in remineralization. Hydroxyapatite and

fluorapatite are present in supersaturated levels in saliva, and as

the saliva flow increases during stimulated saliva flow, the degree

of supersaturation also increases. Hydroxyapatite in nanoparticle

crystallite form is also the most thermodynamically stable form of

calcium phosphate,[11] and studies examining nanoparticle

hydroxyapatite as a biomimetic remineralization agent have been

performed recently.[12,13,14] Studies demonstrate that

nanoparticles in the 20 nm size (1/850th the width of a human

hair) mimic the building blocks of natural enamel and are effective as an enamel repair material and anticaries

agent.[15] Nanoparticle hydroxyapatite has also been demonstrated to restore luster to enamel damaged by

bleaching agents.[13]
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Numerous choices exist for patients looking to combat their risk factors with

protective factors and weight their personal “caries balance” toward health. When

considering a caries management therapy, always consult your dental professional

and choose the most proactive therapy they recommend. On the right in Figure 16

(scanning electron microscope) are images of extracted teeth used in a study on

the remineralization potential of a nanohydroxyapatite gel used in conjunction with

1.1% neutral sodium fluoride, pH neutralization (pH of 9), and xylitol (such as CTx4

Gel 1100). The first image shows the natural tooth surface, the second shows

artificial demineralization using 35% hydrogen peroxide, and the third shows the

remineralization and attached particles of nanohydroxyapatite after the

demineralized surface was brushed with the gel and placed in artificial saliva for 24

hours. Clinical trials are a challenge in examining remineralization, and it is difficult

to duplicate in vivo (human) conditions during an in vitro (laboratory) study.

Remineralization research is often limited to models with artificial lesions and

saliva (as shown).[16, 17]
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