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Theme : Local prevention of dental caries, the technique of carrying out, estimation of efficiency. The mechanism of action.

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. 

Mineralisation of teeth

· Mineralisation of teeth begins prior to their eruption, lasts during all the life and means replacement of water and organic compounds by hydroxyapatite crystals. 

· Primary and secondary teeth being erupted are only half-mineralised (some hydroxyapatite lattice cells are empty); mineralisation still lasts for a long time due to external mineral components. 

· The tooth-tissue mineralisation rate is rather high during the first three years after eruption; then it may change depending on different endogenous and exogenous factors. 

· As a person grows up, the enamel mineral-components content increases, and by the age of 18 his enamel is considered mature, that is, all the hydroxyapatite lattice cells are filled with minerals. 

· The mature tooth enamel is of high-density lattice and many fluorapatite crystals; the latter are less soluble in acids than hydroxyapatites 

· Hence even when the teeth have got mineral-component maturity status, their mineralisation and demineralisation processes still last. And the teeth health state depends on which processes exactly prevail. 

· Demineralisation processes usually prevail not only during cariogenesis, but also during the so-called “critical” periods of a tooth development resulted from both external and internal factors. 

· Bulk of mineral components comes into enamel of the teeth being erupted from saliva. 

· The basic mineral components taking part in mineralisation are calcium and phosphorus. 

· The main pre-condition required for mineralisation process is supersaturation of saliva with calcium ions and phosphates. 

· Average saliva calcium content is 0.04 to 0.08 grams per litre, while at caries-resistant persons it is of 0.0459 grams per litre. 

· saliva inorganic-phosphorus content is 0.06 to 0.24 grams per litre, while at caries-resistant persons its average is of 0.19 grams per litre. 

· High variability in saliva calcium & phosphorus content is reflected at mineralisation processes. 

· The positive balance takes place in case of constantly excessive calcium & phosphorus content during a day. The last fact is very important to support the dental-tissue homeostasis and to ensure physical-and-chemical exchange in enamel. 

· The child’s oral-cavity mineral disbolism promotes development of caries and is caused by various reasons. 

· According to proper observations, children of active cariogenesis have decreased salvation rate, pH level and saliva buffer properties. 

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. 

 

Factors of cariogenic situation in oral cavity 

· Heavy dental deposits 

· Inadequate mineralization of enamel at fissure, precervical and aproximal areas 

· Reduced resistance (acid solubility) of dental enamel 

· Reduced salivation and reduced oral-fluid mineralising potential (pH, buffer capacity and content of calcium, phosphorus and fluorine) 

· Intake of soft and sticky food 

· Intake of mostly-carbohydrate food 

· Tightly packed teeth 

· Reduction of non-specific protection factors (activity of lysozyme) 

Inadequate mineralization of enamel at fissure, precervical and aproximal areas

· Detection

· By means of dental appliances (softening detectable with probe) 

· Visual inspection (deep fissures of chalky opacity, lack of specific shining) 

· Electric diagnostics 

· Removal:

· Fissure sealing (in due periods after dentition) 

· Local remineralising therapy (application of restorative solutions,  covering with fluoride varnishes) 

Reduced resistance (acid solubility) of dental enamel

· Detection:

· By means of Enamel Resistance Test (ERT) (enamel pickling treatment with subsequent colouring) 

· Removal

· Local remineralising therapy (application of restorative solutions,  covering with fluoride varnishes) 

· Teeth brushing with fluoride pastes of more than 1000-ppm fluorine content 

· Oral rinsing with mineral-component solutions 

· Electrophoresis with calcium- and fluorine preparations 

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 

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

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. 

Role of microflora in development of caries

Nowadays the number of different theories, concepts and hypotheses concerning the possible mechanisms of caries-process development amounts to more than 400, but caries aetiology has not been finally revealed yet. However, the following leading theories may be singled out: 

· chemoparasitic theory of W.D.Miller 

· physicochemical theory of D.A. Entin 

· trophic theory of I.D.Lukomsky 

· chelation theory of Schatz & Martin 

· caries theory of A.E. Sharpenak 

· on-pulp counter-effects theory of A.I.Rybakov 

All the theories and hypotheses reflect the possible pathological-process development factors, that is, those causing the emergence of hard-tooth-tissue demineralisation source. 

But carious-demineralisation direct cause is presented by microorganisms producing organic acids as a result of their fermentation activity. 

Cariogenic action of microorganisms is related to development of accretion (dental plaque) by them. 

Dental plaque is developed by absorption of microorganisms on the dental enamel surface from oral liquid; this absorption takes place due to both past-like water-insoluble polysaccharides named dextrans and specific proteins of saliva. 

The following microorganisms’ propagation and extracellular materials (polysaccharides) synthesis contribute to formation of soft dental plaque. The plaque bacteria can easily ferment carbohydrates to produce organic acids dissolving dental enamel. 
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