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Theme : Value of fluorine and its influence on basic structural elements of the dental enamel for local prevention of dental caries. The mechanism of action. Ways of use.

DENTAL CARIES :

· Dental caries is a pathological process declaring itself in dentin lesion with the dentin defect formation.

· Dental caries among children is detected at the age of 2 to 3 years, but sometimes up to 2 years. 

Enamal:

Inorganic matters 

· Proteins 

· Lipids 

· Carbohydrates 

· Citrates 

· The protein differs a lot from those collagenic as for  amino-acid contents, since it has much more proline, oxyproline and  glycine 

Dentin:

Inorganic matters 

· Dentine hardness is well below than that of enamel 

· Hydroxyapatite is the mineral of the highest percentage 

· The 2nd highest position is held by calcium carbonate and calcium fluoride. 

· The other compounds percentage is far less. 

Organic matters 

( almost 20% of all the mass)

· Proteins

· Fats

· Polysaccharides 

· Citrates 

· Amino-acid content of the proteins is typical for collagen, that is, high content of proline and oxyproline and absence of sulfur amino acids 

Teeth structure and physiology are of the following two main features:

High level of mineralisation

2.     Permeability of enamel for inorganic and organic matters and its mineralisation, demineralisation and remineralisation potential 

These points are important to understand cariogenesis and to ensure the efficient prevention of hard-tooth-tissue pathologies.

· mineralisation – natural (physiological) mineralisation is implied, namely, penetration of mineral components into enamel during enthogenesis of teeth. 

1. Before eruption: replacement of organic structures by hydroxyapatites during maturation of bone matrix and tooth enamel

2. After eruption: filling of the vacancies in hydroxyapatite lattice with calcium and phosphates 

Demineralisation is an active withdrawal of basic mineral components such as calcium and phosphorus from teeth crystal structures affected by (endogenous and exogenous) external factors which ensure the enamel resistance decrease and permeability increase                      Dental caries

· Remineralisation is filling of empty cells of bones & teeth crystal structures developed due to pathological withdrawal of mineral components such as calcium and phosphorus. 

Calcium, phosphates and fluorine are the participants of remineralisation. 

This process takes place due to active mineral saturation of enamel during artificial mineralisation                     Caries prevention

· Tooth-tissue permeability (that is, capability of letting the substance pass through enamel junction in two directions, into and out of a tooth) is one of the most important points in teeth physiology. 

· Ingress of mineral components into tooth enamel and the their following distribution between the cell and the media is the permeability benefit ensuring two basic acts, that is, mineralisation and remineralisation 

Enamel permeability

· Permeability malfunction is one of the leading mechanisms in the development of caries 

· Substances are constantly entering in dental enamel. The two sources of entrance are identified, that is, saliva and pulp. 

· Enamel permeability level is influenced by different factors such as age, environment acidity, and carious process being developed. 

· saliva actively influences the enamel permeability and the influence is determined by its composition and properties (saturation with minerals, pH, etc.) 

· Various substances of organic and inorganic origin can penetrate to dental enamel both as ions and as molecules. 

· Dental enamel can be permeable also for high-molecular compounds. It points to the following: microorganisms may penetrate through enamel to influence cariogenesis. 

· When it concerns the permeability effect, of the biggest interest is studying the mechanism of ingress of calcium, phosphates and fluorine into enamel. 

· One of the basic mechanisms of ingress of mineral components into tooth is the osmotic pressure difference; this pressure at the surface is higher than that in enamel liquid. 

· The penetrated ions can be incorporated into the enamel lattice thus strengthening it and increasing the resistance to adverse external influence. 

· Calcium and phosphates are of diffusive penetration and enamel overall depth distribution. 

· Fluorine is localised in the surface layers of enamel. 

Enamel resistance

· Dental enamel resistance is a capability to resist carious affect and depends on enamel acid stability. 

· Depending on individual caries-intensity level, children may be divided into caries-resistant and caries-amenable ones. 

· Caries resistance depends on enamel mineralisation degree and is conditioned by the following:

· genetic stability 

· mineralising function of saliva 

· oral-cavity hygienic status 

· general resistance of the body 

· Genetic stability 

  - enamel hydroxyapatites “adequacy” transferred from parents 

· Mineralising function of saliva

   - supersaturation of saliva with calcium ions and phosphates 

· Oral-cavity hygienic status

   - regular removal of dental plaque eliminates acid-soluble action of microorganisms onto enamel 

· General and local resistance (immunity)

   - ensures preservation of optimal oral-cavity microbiocenosis with prevailed saprophytic microflora 

· Initial stages of dental cariogenesis are connected with its demineralisation 

· Demineralisation is resulted by effect of organic acids on tooth surface, these acids produced by dental plaque microbes, with the following enamel dissolution and increase of its permeability. 

· But demineralising effect of organic acids on tooth tissues is the final stage of resultant effect of several cariogenic factors and oral-cavity nocifensors. 

Influencing the processes of enamel formation, mineralisation and maturation in order to prevent caries

· Apatites present the most propagated form of animal’s or person’s hard-tissue mineral phase. The mineralised-tissue apatites are of the content which is significantly variable within a broad range both in case of normal condition and pathology. 

· Hydroxyapatite is the major apatite of a tooth. The content of an “ideal” tooth hydroxyapatite is determined by formula Са10(РО4)6(ОН)2, i.e., hydroxyapatite incorporates 10 molecules of calcium with Ca/P molar ratio of 1.67. 

· But naturally occurring hydroxyapatites have Ca/P molar ratio of 1.33 to 2.0. 

· There could be a few reasons for this phenomenon. 

· One of the reasons is as follows: Ca in a hydroxyapatite molecule is replaced by Cr, Ba, Mg, fluorine or another element of similar properties (isomorphous replacement). The first three elements decrease, while fluorine increases the enamel-crystal resistance. 

· Usually cations (Mg+, K+, Na+) displace calcium, while multivalent ions (such as carbonates and citrates) – phosphate, and fluorine – hydroxyl. 

Of practical importance is an isomorphous hydroxyl-by-fluorine replacement reaction usually taking place in hydroxyapatites 

Са10(РО4)6(ОН)2+F«       Са10(РО4)6F(ОН)+(ОН).

· Hydroxyapatite is a reactant, while hydroxyfluorapatite is a product of this reaction. The latter compound is of much higher resistance to dissolution than the former. 

· Natural fluorapatites exist in teeth, but more often they are formed there due to isomorphous replacement of hydroxyl or due to filling the vacancies in crystals. 

· Fluorine never displaces calcium from hydroxyapatites! 

· But in case of high fluorides concentration the process taking place is similar to decomposition of double salt, with toxic compound CaF2 produced and phosphate ions released 

20 NaF + Са10(РО4)6(ОН)2 →Са F 2+ 6 Na3РО4 + 2 NaОН
 

                                                     (fluorosis)

· Another reason for hydroxyapatite content variation is availability of vacancies in hydroxyapatite lattice. 

· The essence of this phenomenon is as follows: a lattice point is of vacation that may be filled by an ion. 

· The constancy of Ca/P ratio in enamel during all post-eruption periods means that there is a high correlation between the processes of calcium and fluorine accumulation by this tissue. 

· By using a hydroxyapatite capability for chemical exchange, one may actively influence the enamel mineralisation and maturing processes by means of artificial mineralisation (that is, remineralisation), while using remineralising agents such as calcium, phosphorus and fluorine. 

· Treatment with remineralising agents is carried out

- by direct contact with tooth surface (applications, varnishes, rinses, oral hygiene means) or indirectly by saturation of saliva (rinses)

 -  through circulatory system in case of ingestion 

Factors inducing caries development at the early age (up to 3 years) are as follows:

· different types of dental structure abnormalities arisen during embryogenesis, antenatal period, due to mother’s (systemic and infectious) diseases connected with mineral disbolism or toxicosis ;

·  artificial feeding;

· serious exhaustive diseases during first postnatal months;

· prematurity;

· antibiotic therapy during first postnatal months;

· lack of fluorine intake (habitation in areas with low-fluorine water).

At the age of 3 to 7 years, besides above-mentioned ones, dental caries is influenced by the following factors:

· genetic predisposition (imperfect mineralization of teeth)

· nutritional factor, when dietary intake is mostly of carbohydrates and lacks proteins, macro- and micronutrients

· inadequate function of teeth causing poor chewing performance; 

· poor oral hygiene allowing accumulation of dental plaque consisting of microorganisms, food debris, detritus, etc. 

· occlusion anomalies and deformations (additional retention points for accumulation of dental plaque) 

· inadequate functional activity of salivary glands (reduction of oral-fluid mineralising potential) 

Common caries-development risk factors of later periods are as follows: 

· inadequate oral hygiene 

· deficiency of fluorine in potable water and food

· unbalanced nutrition 

· inherited predisposition 

· reduction in nocifensors both at local and common level 

All the above-listed factors are equal in value, but fluorine deficiency is really one of the two leading factors implementing pathogenic effect of all the others. 

 

The are rather many modes of exogenous and endogenous remineralising-agents introduction such as: 

· Rinses and applications 

· Coating the teeth with varnishes containing mineral components 

· Introduction of remineralising solutions by means of physiotherapeutic methods such as electrophoresis 

· Usage of oral hygiene agents containing remineralising agents (“Oral prophylaxis hygiene”) 

· Ingestion of fluoric and calcium-phosphatic tablets 

· Intake of fluoridated water, salt and milk 

Fluorides

· Despite the fact that until now scientists of all over the world keep discussing the benefits and risks of fluorides usage, the caries-preventive influence of fluorine is doubtless. 

· Fluorine influence on different metabolic processes is of polytropic character, that is, it strengthens the activity of ones and weakens that of the others. 

· Means and methods of caries prevention with fluorine are as follows: fluoridation of community water sources and water fluoridation in school, common salt and milk fluoridation, fluorine-containing varnishes, dental applications, mouth rinsing with fluorine compounds, usage of fluoride toothpastes for oral cavity care. 

Mechanism of fluorides caries-inhibiting action 

· incorporation into enamel latter accompanied by formation of fluorapatite, which is more resistant to action of acids 

· inhibition of cariogenic microorganisms enzymatic activity and glycolysis process in oral cavity 

· influencing calcium-phosphorus metabolism. At that, fluorine promotes both the process of keeping calcium and phosphorus in the body and incorporation them from saliva to dental enamel 

· influencing protein metabolism and other metabolisms 

· fluorine has a blocking effect on carbohydrate-phosphorus metabolism and contributes to decrease in formation of pyruvic acid 

All fluoride toothpastes are subdivided into 3 following categories :

·   those of minimal fluorine content (500 to 1000 ppm) 

are recommended for children under 7 years age 

·  those of medium fluorine content (1000 to 12000 ppm) 

are recommended for children and adults to prevent caries in regions of optimum fluorine content in potable water 

·  those of high fluorine content (more than 12000 ppm) 

are recommended for children of multiple caries in regions of low fluorine content in potable water 

Role of fluoride. Fluoride in the fluids surrounding the enamel crystals has been

shown to have the potential to reduce the rate of demineralization. When present in

the liquid phase of remineralization, fluoride will be incorporated into the enamel

crystals and the enamel will become more resistant to demineralization 

Fluoride has also been shown to reduce acid production in dental plaque. Therefore,

in caries-preventive programs, the aim of fluoride administration should be to ensure

that fluoride levels in the oral fluids are adequate to prevent and inhibit caries. The

fluid bathing a plaque-covered tooth surface consists of saliva, plaque fluid, and the

fluid surrounding the enamel crystals and is sometimes influenced by the crevicular

fluid. These fluids constitute a continuous system, and ions will diffuse according to

their concentration gradients. Fluoride introduced into the oral cavity will be

distributed in saliva and thus influence the fluoride concentration in plaque fluid and

enamel crystal fluid.

Fluoride is present in saliva in concentrations that depend on fluoride in the

environment, especially in drinking water. Other important sources are fluoride

toothpastes and other fluoride products used for caries prevention and control. In

areas with low concentrations of fluoride in the drinking water (below 10 umol [0.2

ppm]), the basal concentration of fluoride in whole saliva is usually less than 1 uM.

The concentration may be much higher in areas with higher water fluoride

concentrations.

After an intake of fluoride, the levels of fluoride in the blood increase, reaching a

peak after 30 minutes to 1 hour. The fluoride enters the saliva by simple diffusion

over the membranes of the acinar cells. The concentration of fluoride in the duct

saliva will therefore follow the plasma values, at a 30% to 40% lower level. This

results in an increase of fluoride concentration in whole saliva, although only 0.1% to

0.2% of the ingested fluoride is excreted via the salivary glands.

In some foods and beverages, the fluoride is mainly in ionized form, which readily

dissolves in the saliva; in others, fluoride may be firmly bound, making it difficult to

predict the resulting fluoride concentration after exposure. This variable should be

taken into account in the formulation of caries-preventive topical agents: For example,

fluoride tablets and fluoride chewing gum have very different solubility rates. In

addition, some slow-release fluoride agents, such as fluoride varnish, may contain up

to 2% to 5% fluoride; glass-ionomer cements may be intermittently reloaded with

fluoride, and as a consequence, release fluctuating amounts of fluoride.

Because the oral cavity contains only a small volume of saliva in a thin film, even if

only very small amounts of fluoride dissolve in the residual saliva, the resulting

concentration may be very high. For example, if a fluoride tablet of 0.25 mg is

dissolved in 1 mL of saliva, the resulting fluoride concentration is about 13 mol

(about 200 ppm), more than 10,000 times higher than the basal fluoride concentration.

Even higher fluoride concentrations could be expected in loci close to the fluoride

source. For example, if a fluoride tablet is placed on one side of the oral cavity, very

large differences in salivary fluoride concentration are found between the exposed and

unexposed sides of the mouth (Sjogren et al, 1993). Therefore, slowly dissolving

fluoride tablets and fluoride chewing gum should be moved around the mouth

continuously to distribute fluoride to as many microenvironments as possible, and

slow-release fluoride agents should be applied to key-risk teeth and key-risk surfaces.

The high initial fluoride concentration in the salivary film after fluoride exposure will

establish a concentration gradient between the dental integuments and the plaque.

Fluoride will diffuse from saliva into the pellicle and the plaque, rapidly elevating the

concentration of fluoride in the plaque fluid. Mineral calcium fluoride (CaF2) may

form in saliva, in the pellicle, and in plaque fluid(Ogaard et al, 1983a,b).

The limiting factor for the formation of CaF2 is the calcium content of the oral fluids.

Therefore, the use of fluoride chewing gum after every meal as a combined salivastimulating

and fluoride agent, resulting in increased calcium release from the saliva,

fluoride release, and increased buffering effect, offers a rational, self-administered

measure for caries control during or just after the fall in pH. Calcium fluoride releases

fluoride slowly. Fluoride diffusing into microorganisms also prevents

participation of the enzyme enolase in the glycolytic pathway by binding magnesium,

essential for optimal function of the enzyme. However, this will not occur on plaquefree

tooth surfaces.

After the initial exposure to fluoride, the salivary concentration of fluoride decreases

rapidly, by the same mechanisms involved in sugar clearance. The most important

factor for the fluoride clearance rate is, as for sugar, the salivary secretion rate, which

is dependent on the degree of stimulation. Fortunately, fluoride clearance is

significantly slower in patients with hyposalivation than in individuals with normal

SSR. Clearance varies markedly at different sites in the oral cavity, is generally more

rapid from lingual than from buccal sites, and is most rapid beneath the tongue.

However, there are some important differences between salivary fluoride clearance

and salivary sugar clearance. The saliva contains a certain basal level of fluoride,

which results in a gradual, theoretically asymptomatic decrease of fluoride to the

basal level. This slow adaptation is often prolonged for several reasons. First,

swallowed fluoride will partly reenter the saliva, increasing the amount of fluoride,

but the effect on the fluoride concentration is probably minor. Second, after a few

minutes, the fluoride concentration in pellicle and plaque fluids is higher than it is in

the saliva, causing the concentration gradient to reverse direction. Some fluoride will

therefore diffuse back from the pellicle into the saliva. Third, after the fluoride

concentration in the pellicle has fallen to a level that makes the fluid undersaturated

with respect to calcium fluoride, this salt may start to dissolve slowly, increasing the

ionized fluoride concentration.

This last factor is complicated by its dependency on the pH of the pellicle, because at

pH values in the normal range, calcium fluoride dissolution is inhibited by adsorbed

phosphate ions. When pH approaches 5, this coating of the calcium fluoride particles

vanishe . When pH rises again, phosphate and protein-coated CaF2 is

re-formed in the pellicle .

Antimicrobial and other protective properties

The saliva contains many different proteins and some other small organic proteins that

together protect the oral cavity (the soft tissues as well as the teeth) from frictional

wear, dryness, erosion, pathogenic bacteria, and so on .

Lubrication and other protective properties. Almost all salivary proteins are

glycoproteins; that is, they contain variable amounts of carbohydrates linked to the

protein core. Glycoproteins are often classified according to their cellular origin and

subclassified on the basis of their biochemical properties. A characteristic feature is

that many occur in multiple forms, constituting families; these families, may,

however, exhibit remarkable functional differences.

Mucous glycoproteins, the mucins, are of acinar cell origin, have a high molecular

weight, and contain more than 40% carbohydrate. The mucins are produced by the

minor salivary glands in the palate and provide a nonfrictional, lubricant layer that

protects the soft tissues from wear and tear and facilitates swallowing of food.

Because the mucins have a strongly negative charge, other negatively charged

molecules, such as those contained in the cell walls of many oral bacteria, are repelled

from the mucin-coated oral mucosa. Among other properties, the mucins also bind

water and thereby protect the oral mucosa from drying out.

Serous glycoproteins have a much lower molecular weight than mucins and contain

less than 50% carbohydrate: Many belong to a group called proline-rich glycoproteins

(PRPs), of which several are phosphorylated. These proteins are secreted from the

parotid and submandibular glands.

The collective name glycoprotein refers to all carbohydrate-linked proteins, making

this group very heterogenous and large. Most salivary proteins, such as secretory IgA,

lactoferrin, peroxidases, and agglutinins, belong to this group. Because human saliva

is supersaturated with respect to most calcium phosphate salts, some proteins are

necessary to inhibit their spontaneous precipitation in the salivary glands and their

secretions. Such proteins include statherin and PRPs. The resulting stable but

supersaturated state of the saliva with respect to calcium phosphate salts constitutes a

protective and reparative environment of importance for the integrity of the teeth.

Statherin is present in both submandibular and parotid salivas. Proline-rich proteins

form a complex group of proteins with large numbers of genetic variants, some of

which also have the ability to inhibit spontaneous precipitation of calcium phosphate

salts. The molecular size of PRPs ranges from 106 to 150 amino acid residues. Like

statherin, PRPs are remarkable for their high degree of compositional and charge

asymmetry. Proline-rich proteins are readily adsorbed from saliva to hydroxyapatite

surfaces and it is most likely that these adsorbed PRPs inhibit the crystal growth of

calcium phosphate salts. Although present in whole saliva, PRPs are also susceptible

to proteolytic degradation by oral microorganisms.

a-Amylase is one of the most important salivary enzymes, accounting for as much as

40% to 50% of the total salivary gland-produced protein. Most (80%) is synthesized

in the parotid glands and the remainder in the submandibular glands. The biologic role

of salivary amylase is to split starch into maltose, maltotriose, and dextrins. Maltose

can be further fermented by oral bacteria. Therefore, although amylase in saliva clears

starch-containing food debris from the mouth, acids are formed in this process. In this

way, starch may have some cariogenic potential. Salivary a-amylase is inactivated in

the acidic parts of the gastrointestinal tract, and therefore its action is limited to the

oral area.

Antimicrobial properties. As described earlier, saliva plays a significant role in

maintaining an appropriate balance within the ecosystem associated with tooth

surfaces. This balance is of great significance in the control of dental caries, because

saliva will enhance the ability of some bacteria to survive and will reduce the

competitiveness of others. Saliva achieves this control over the oral flora through its

components, which can be constantly present or activated by a specific host response.

The major antimicrobial proteins are listed in Box 13. Many studies have shown that

most of these proteins can inhibit the metabolism, adherence, or even the viability of

cariogenic microorganisms in vitro (for review see Tenovuo, 1997). However, their

role in vivo is largely unknown: It seems that they are important for the control of

microbial overgrowth in the mouth, but their selectivity against pathogens has not

been determined.

A newly proposed biologic function for PRPs is the ability of adsorbed acidic PRPs to

selectively mediate bacterial adhesion on tooth surfaces. Recently it was shown that

the negative charge of these acidic PRPs binds electrostatically to calcium on the

tooth surfaces, while the outer ends, consisting of proline and glutamine amino acids,

attract and bind very strongly to the harmless and protective normal microflora of the

teeth (Streptococcus oralis, Streptococcus sangius, and Streptococcus mitis). This

may explain early scanning electron micrographs obtained by Lie (1978), showing

how a gram-positive "pioneer colonizer" attaches to the pellicle-covered tooth surface,

in contrast to a gram-negative bacterium and the pellicle.

This primary colonization of the protective normal microflora occurs during the first

24 hours after cleaning. However, recent research has shown that the so-called

secondary colonization by other, more pathogenic microorganisms (gram-positive as

well as gram-negative) is strongly related to the binding between galactose amine

structures on the surfaces of the normal microflora as well as the secondary

colonizers. The production and the individual structures of acidic PRPs and galactose

amines are genetically related and may partly explain individual variations in plaque

formation rates. This is a field of ongoing research (Stromberg, 1996).

The lysozyme in whole saliva is derived from the major and minor salivary glands,

gingival crevicular fluid, and salivary leukocytes (polymorphonuclear neutrophil

leukocytes). Salivary lysozyme is present in newborn babies at levels equal to those of

adults, suggesting a preeruptive antimicrobial function. The classic concept of the

antimicrobial action of lysozyme is based on its muramidase activity, ie, the ability to

hydrolyze the bond between N-acetylmuramic acid and N-acetylglucosamine in the

peptidoglycan layer of the bacterial cell wall. Gram-negative bacteria are more

resistant to lysozyme because of the protective function of the outer

lipopolysaccharide layer. In addition to its muramidase activity, lysozyme is strongly

cationic, and can activate bacterial "autolysins," which can destroy the cell wall

components.

Lactoferrin is an iron-binding glycoprotein secreted by the serous cells of the major

and minor salivary glands. Polymorphonuclear leukocytes are also rich in lactoferrin

and release it into gingival fluid and whole saliva. The biologic function of lactoferrin

is attributed to its high affinity for iron and its consequent expropriation of this

essential metal from pathogenic microorganisms. This bacteriostatic effect is lost if

the lactoferrin molecule is saturated with iron, a factor that should be taken into

account in areas where the drinking water is rich in iron. In its iron-free state

(apolactoferrin), it has a bactericidal, irreversible effect against a variety of

microorganisms, including mutans streptococci. Apolactoferrin can also agglutinate

Streptococcus mutans cells.

Salivary peroxidase is produced in the acinar cells of the parotid and submandibular

glands but not in the minor salivary glands. Salivary peroxidase systems have two

major biologic functions: (1) antimicrobial activity and (2) protection of host proteins

and cells from hydrogen peroxide toxicity.

Salivary agglutinins are glycoproteins that have the capacity to interact with

unattached bacteria, resulting in clumping of bacteria into large aggregates that are

more easily flushed away by saliva and swallowed: the term aggregation is therefore

often used synonymously with agglutination. Listed in Box 13 are salivary proteins

with agglutinating capacity. The most potent agglutinin is a high-molecular weight

glycoprotein that has been isolated from human parotid saliva. Despite a

concentration in parotid saliva of only 0.001%, it is very effective. Mucins are also

able to agglutinate bacteria. In high-molecular weight glycoproteins, sugar residues

and sialic acid are important for the interaction with bacteria.

The secretory immunoglobulins, most notably secretory IgA, act by aggregating

bacteria. They target specific bacterial molecules, such as adhesins, or enzymes, such

as glucosyl transferase. Studies of the correlation between secretory IgA levels and

caries prevalence have reported conflicting results (Riviere and Papaginnoulis, 1987).

The saliva also contains IgG and IgM from serum and local production in the gingival

tissues.

