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SELECTED READING
У посібнику наведено дані про матеріали для пломбування каріозних порожнин; методи препарування та пломбування каріозних порожнин та кореневих каналів.
Висвітлені основні методики обстеження хворого із ураженням твердих тканин зубів: карієсом та його ускладненнями. Представлені основні дані про найпоширеніше захворювання людини карієс зубів, причини його виникнення і розвитку. Описані клініка, діагностика та диференціальна діагностика карієсу з іншими подібними за своєю клінічною картиною захворюваннями. Представлені методи лікування карієсу зубів із застосуванням сучасних медикаментозних засобів та пломбувальних матеріалів.

Описані причини, механізми розвитку запалення пульпи зуба – пульпіту, його клінічна картина, основні принципи діагностики та лікування із застосуванням сучасних методів знеболювання.

Представлені етіологія, патогенез, клінічна картина запалення періодонту – періодонтиту. Наведені основні методи його лікування.

Значна увага приділена типовим лікарським помилкам при лікуванні карієсу зубів, пульпіту та періодонтиту; описані їх причини, методи запобігання та усунення.

Для студентів англомовного навчання стоматологічних факультетів вищих медичних закладів освіти ІІІ-IV рівнів акредитації.
Annotation.
The textbook shows the restorative materials for caries cavities restoration; methods of caries cavity preparation and restoration, and root canals obturation.

The basic examination methods of patients with tooth hard tissues lesions: dental caries and its complications; the basic data of the most common human diseases - dental caries, the main it’s etiologic and development factors were presented. The dental caries clinical features, diagnosis and differential diagnosis of caries with other similar disease were described. The methods of dental caries treatment with usage of modern medicamental preparations and restorative materials were described.

The causes and mechanisms of dental pulp inflammation - pulpitis, its clinical features, the basic principles of diagnosis and treatment using modern methods of anesthesia were describe.

The etiology, pathogenesis, clinical features of periodontal ligament inflammation – apical periodontitis were described. The basic methods of its treatment were presented.

Considerable attention was paid to the typical dentist mishaps that happen during treatment of dental caries, pulpitis and apical periodontitis, described their causes, methods of prevention and elimination.

The textbook devoted for English language students of stomatologic faculties of higher medical institutions of III -IV accreditation levels.
CHAPTER 1

DENTAL RESTORATIVE MATERIALS
When a dentist considers the type of restoration to place in a patient's mouth, the choice may be between different varieties of the same material, for example, different types of cements, composites and amalgam. Or perhaps the choice will involve a decision between two different kinds of the same basic material, such as two different kinds of composites. The rapid developments in dental materials over the past several years lead to big amount and variety of dental restorative materials (Fig. 1).

Dental restorative materials may be divided into such group:
1. Permanent materials (amalgam, composite, cements, inlays)

2. Temporary materials (base, liners)

3. Medical temporary materials

4. Materials for obturating root canal

5. Sealants 
The permanent restorative materials may be divided into such group:
1. Cements (zinc phosphate, zinc silicate, glass-ionomer cements) 

2. Amalgams

3. Composites
A wide spectrum of properties different permanent restorative materials is present within each basic material type but main is common them.
MATERIAL PROPERTIES (requirements)
· It should be non harmful for the human organism, don’t irritate, hard tooth tissues, pulp and periapical tissue.

· It should not solve in saliva and food components.

· It should have high mechanical strength and hardness to resist loading and wear (300-400 MPa).

· It should not shrink after being inserted in caries cavity.

· It should have low level of thermal conductivity, which must have low difference from thermal conductivity of hard tooth tissues (enamel, dentin)

· It should have coefficient of thermal expansion equal or close to coefficient of thermal expansion of hard tooth tissues (enamel, dentin)

· It should have high esthetic appearances, the restoration should have maximally close in color, shade and translucency to the dental enamel.

· It should have high color stability and don’t change the color of neighboring tooth tissue and have minimal water absorption
· It should be easily introduced into a prepared caries cavity.

· It should have optimal pH (not acid) during hardness.

· It should have good adhesive properties to hard tooth tissues (enamel and dentin) and have not marginal leaking.

· It should be hard after a shot period of time (5-20 minutes), have a good properties for finishing and polishing.
DENTAL CEMENTS
Although dental cements are used only in small quantities, they are perhaps the most important materials in clinical dentistry because of their application as luting agents to bond preformed restorations and orthodontic attachments in or on the tooth, cavity liners and bases to protect the pulp and as foundation and anchor for restorations, and restorative materials. This multiplicity of applications requires more than one type of cement because no one material has yet been developed that can fulfill the varying requirements.

For acceptable performance in luting and restorative applications, the cement must have adequate resistance to dissolution in the oral environment. It must also develop an adequately strong bond through mechanical interlocking and adhesion. High strength in tension, shear, and compression is required, as is good fracture toughness to resist stresses at the restoration/tooth interface. Good manipulation properties, such as adequate working and setting times, are essential for successful use. The manipulation, including dispensation of the ingredients, should allow for some margin of error in practice. The material must be biologically acceptable.

Most cements are powder-liquid materials that may be dispensed and mixed manually or predispensed in capsules that are mixed mechanically. Some recent materials are composed of two pastes. Cements set by chemical reaction between the ingredients (often an acid-base reaction) or involve polymerization of a monomeric component.

In the early years of this century zinc oxide-phosphoric acid, zinc oxide-eugenol (clove oil 85%), and silicate glass-phosphoric acid cements were discovered. These zinc phosphate, zinc eugenate, and silicate cements were widely used until the 1970s when new cements began to be developed.

The further development of cements based on polyacrylic acid: first the zinc polyacrylate (polycarboxylate) and later the glass-ionomer cements. The polycarboxylate cements have gradually become established as alternatives to zinc phosphate cement because of their minimal effects on pulp, similar strength and solubility characteristics, and adhesive properties. The glass-ionomer cements have developed more slowly, but their potential for luting and restorative applications is being more widely recognized by clinicians.

There are cements of four basic types available, classified according to the matrix-forming species (Table 1):

1. Phosphate bonded

2. Phenolate bonded

3. Polycarboxylate bonded

4. Polymethacrylate bonded
Table 1. Classification of dental cevents

	Matrix bond
	Class of cement
	Type

	Phosphat

	Zinc phosphat
	Zinc phosphat

Zinc phosphate fluoride

Zinc phosphate copper oxide/salts

Zinc phosphate silver salts

	
	Zinc silicophosphat
	Zinc silicophosphate

Zinc silicophosphate mercury salts

	Phenolate
	Zinc oxide-eugenol
	Zinc oxide-eugenol

Zinc oxide-eugenol polymer

Zinc oxide-eugenol EBA/alumina

	
	Calcium hydroxide salicylate
	Calcium hydroxide salicylate

	Polycarbo-xylate
	Zinc polycarboxylate
	Zinc polycarboxylate

Zinc polycarboxylate fluoride

	
	Glass ionomer
	Calcium aluminium polyalkenoate

Calcium aluminium polyalkenoate-polymethacrylate

	Polymethacrylate
	Acrylic
	Poly(methyl methacrylate

	
	Dimethacrylate
	Dimethacrylate unfilled

Dimethacrylate filled


Numerous brands of each type are available, and there is some overlap between properties. Since clinical and in vivo evaluation of cements is still very limited, the predictive value of laboratory data for assessment of clinical performance requires knowledgeable interpretation, not least since generalizations on specific types of cement cannot be made on the basis of the behavior of one or two brands. Typical properties of luting cements are given in Table 2.
Table 2. Properties of dental luting cements
	Material
	Film thickness (mm)
	Setting time (min)
	Solubility (wt%)
	Strength (MPa)
	Modulus of

elasticity (GPa)

	
	
	
	
	Compressive
	Tensile
	

	Zinc phosphate
	25-35
	5-14
	0.2 max
	80-100
	5-7
	13

	Zinc silicophosphate
	30-40
	5-7
	1
	140-170
	8-13
	—

	Zinc oxide-eugenol
	
	
	
	
	
	

	Unmodified
	25-35
	2-10
	1.5
	2-25
	1-2
	—

	Polymer reinforced
	35-45
	7-9
	1
	35-55
	5-8
	2-3

	EBA-alumina
	40-60
	7-13
	1
	55-70
	3-6
	3-6

	Zinc polycarboxylate
	20-25
	6-9
	0.06
	55-85
	8-12
	5-6

	Glass ionomer
	25-35
	6-9
	1
	90-140
	6-7
	7-8

	Polymer-based
	20-60
	3-7
	0.05
	70-200
	25-40
	4-6


Phosphate-based cements
Zinc phosphate cement
Applications. Because of their long history, these materials have the widest range of applications from the cementation (luting) of fixed cast alloy and porcelain restorations and orthodontic bands to their use as a cavity liner or base to protect pulp from mechanical, thermal, or electrical stimuli.
Composition and setting. The powder is mainly zinc oxide with up to 10% magnesium oxide and small amounts of pigments. It is fired at high temperature (>1000°C) for several hours to reduce its reactivity. The liquid is an aqueous solution of phosphoric acid containing 45% to 64% H3PO4, and 30% to 55% water. The liquid also contains 2% to 3% aluminum and 0 to 9% zinc. Aluminum is essential to the cement-forming reaction, whereas the zinc is a moderator of the reaction between powder and liquid, allowing adequate working time and permitting a sufficient quantity of powder to be added for optimum properties in the cement.

Some zinc phosphate cements have modified compositions. One material, widely used as a cavity liner, has 8% aluminum and only 25% H3P04 in the liquid and a powder that contains calcium hydroxide. Others may contain fluoride and have as much as 10% stannous fluoride.

The amorphous zinc phosphate formed binds together the unreacted zinc oxide and other components of the cement. The set cement consists of a cored structure of residual zinc oxide particles in a phosphate matrix:

zinc oxide + phosphoric acid → amorphous zinc phosphate

So as a result of this reaction it is a salt - amorphous zinc phosphate.
Manipulation. The measurement of components and the timing of mixing are essential to consistent success. The mixing slab must be thoroughly dried before use. The powder is added to the liquid in small portions to achieve the desired consistency (Fig. 2). Dissipation of the heat of reaction by mixing over a large area on a cooled slab will allow a greater incorporation of powder in a given amount of liquid. The cement must be undisturbed until the end of the setting time. The cement liquid is kept stoppered to prevent changes in the water content. Cloudy liquid should be discarded. Increasing the powder/liquid ratio gives a more viscous mix, shorter setting time, higher strength, lower solubility, and less free acidity. Use of a chilled (5°C) thick glass slab slows down the initial reaction and allows incorporation of more powder, giving superior properties in the set cement.
Properties. The long persistence of zinc phosphates in clinical practice indicates that reasonable performance is obtained. Although the properties are far from ideal, they are usually regarded as a standard against which to compare newer cements.

At room temperature (21° to 23°C) the working time for most brands at luting consistency is 3 to 6 minutes; the setting time is 5 to 14 minutes. Extended working times and shorter setting times can be achieved by use of a cold mixing slab, which permits up to an approximate 50% increase in the amount of powder, improving both strength and resistance to dissolution.

At the recommended powder/liquid ratio (2.5 to 3.5 g/mL), the compressive strength of the set zinc phosphate cement is 80 to 110 MPa after 24 hours. The minimum strength for adequate retention of restorations is about 60 MPa. The strength is strongly and almost linearly dependent on powder/liquid ratio. The tensile strength is much lower than the compressive strength, 5 to 7 MPa, and the cement shows brittle characteristics

According to the standard method, the solubility and disintegration in distilled water after 24 hours may range from 0.04% to 3.3% for inferior material. The standard limit is 0.2%. The fluoride-containing cements give a figure of about 0.7% to 1.0% because of the leaching of fluoride. Dissolution contributes to marginal leakage around restorations and bacterial penetration. This may be facilitated by dimensional change. The cement has been found to contract about 0.5% linearly, giving rise to slits at the tooth/cement and cement/restoration interfaces.
Biologic effects. The freshly mixed zinc phosphate is highly acidic with a pH of between 1 and 2 after mixing. Even after setting 1 hour, the pH may still be below 4. After 24 hours, the pH is usually 6 to 7. One material that has a low acid content and incorporates calcium hydroxide has little effect on pulp when used as a liner.
Advantages and disadvantages. The main advantages of zinc phosphate cements are that they can be mixed easily and that they set sharply to a relatively strong mass from a fluid consistency. Unless the mix is extremely thin (for instance, with a very low powder/liquid ratio), the set cement has a strength that is adequate for clinical service, so manipulation is less critical than with other cements. However, zinc phosphates distinct disadvantages include pulp irritation, lack of antibacterial action, brittleness, lack of adhesion, and solubility in oral fluids.
Modified zinc phosphate cements
Copper and silver cements. Black copper cements contain cupric oxide (CuO); red copper cements contain cuprous oxide (Cu20). Others may contain cuprous iodide or silicate. Since a much lower powder/liquid ratio is necessary to obtain satisfactory manipulation characteristics with these cements, the mix is highly acidic, resulting in much greater pulpal irritation. Their solubility is higher and their strength is lower than zinc phosphate cements. Their bacteriostatic or anticariogenic properties seem to be slight. Silver cements generally contain a few percent of a salt such as silver phosphate.
Fluoride cements. Stannous fluoride (1% to 3%) is present in some orthodontic cements. These materials have a higher solubility and lower strength than zinc phosphate cement owing to dissolution of the fluoride-containing material. Fluoride uptake by enamel from such cements results in reduced enamel solubility and potentially anticariogenic effects.
Silicophosphate cements
Applications. These materials have been available for many years as a combination of zinc phosphate and silicate cements. The presence of the silicate glass provides a degree of translucency, improved strength, and fluoride release. Their principal applications have been for the cementation of fixed restorations and orthodontic bands, as a temporary posterior filling material and as a dual-purpose material.

Composition and setting. The powder in these materials consists of a blend of 10% to 20% zinc oxide (zinc phosphate cement powder) and silicate glass (silicate cement powder) mechanically mixed or fused and reground. The silicate glass usually contains 12% to 25% fluoride. Some materials have been labeled "germicidal" because of the presence of small amounts of mercury or silver compounds. The liquid is a concentrated orthophosphoric acid solution containing about 45% water and 2% to 5% aluminum and zinc salts.

The setting reaction has not been fully investigated, but may be represented as follows:

zinc oxide/aluminosilicate glass + phosphoric acid → zinc aluminosilicate phosphate gel

The set cement consists of unreacted glass and zinc oxide particles bonded together by the alumino-silico-phosphate gel matrix.
Manipulation. The mixing is analogous to that for a phosphate cement; a nonabradable spatula and a cooled mixing slab should be used (Fig. 3). The filling mix should be glossy, with puttylike consistency.
Properties. At cementing consistency, the setting time is 5 to 7 minutes; working time is about 4 minutes and may be increased by using a cold mixing slab.

These cements generally have shorter working times and a coarser grain size, leading to a higher film thickness than with zinc phosphate cements. One recent material is improved in these respects, and film thickness is adequate for cementation of cast gold and porcelain restorations.

The compressive strength of the set cement is in the range from 140 to 170 MPa; the tensile strength is considerably lower at 7 MPa. The toughness and abrasion resistance are higher than those of phosphate cements. The solubility in distilled water after 7 days is about 1% by weight. Solubility in organic acids and in the mouth is less than for phosphate cements. Fluoride is leached out and may contribute to anticariogenic action. The glass content gives considerably greater translucency than phosphate cements, making silicophosphate cements useful for cementation of porcelain restorations.
Biologic effects. Because of the acidity of the mix and the prolonged low pH (4 to 5) after setting, pulp protection is necessary on all vital teeth. Fluoride and other ions are leached out from the set cement by oral fluids, resulting in increased enamel fluoride and probable anticariogenic action.
Advantages and disadvantages. Silicophosphate cements have better strength, toughness, and abrasion resistance properties than zinc phosphate cements, and show considerable fluoride release, translucency, and, under clinical conditions, lower solubility and better bonding. Disadvantages include an initial pH and total acidity that are greater than those for zinc phosphate cements. Pulpal sensitivity may be of longer duration, and pulpal protection is essential. Manipulation is more critical than with zinc phosphate cements.
Glass-ionomer cements
Applications. These materials were formulated in the 1970s by bringing together the silicate and polyacrylate systems. The use of an acid-reactive glass powder together with polyacrylic acid solution leads to a translucent, stronger cement that can be used for luting and filling materials.
Composition and setting. The powder in these materials is finely ground calcium aluminum fluorosilicate glass with a particle size between maximum 13 to 20 m for the filling materials and less than 12 m for the luting materials. One brand (Zionomer Liner, Den-Mat Corp.) also contains zinc oxide. Silver powder is fused into the glass in Ketac-Silver (Pre-mier/Premier-ESPE) for improved physical properties. The liquid is a 50% aqueous solution of a 2:1 polyacrylic/itaconic acid or other polycarboxylic acid copolymer that contains about 5% tartaric acid. The itaconic acid reduces the viscosity of the liquid and inhibits gelation caused by intermolecular hydrogen bonding. Tartaric acid (5%, the optically active isomer) in the liquid serves as an accelerator by facilitating the extraction of ions from the glass powder. Some other materials contain 10% to 20% added silver, silver alloy, or stainless steel. In some materials the solid copolymer is added to the powder, and the solution contains tartaric acid; in others, all the ingredients are in the powder, and the liquid is water.
One self-cured hybrid glass-ionomer cement powder contains a radiopaque, fluoroaluminosilicate glass and a micro-encapsulated potassium persulfate and catalyst system (resembling to composits). The liquid is an aqueous solution of polycarboxylic acid modified with pendant methacrylate groups. It also contains 2-hydroxyethylmethacrylate (HEMA) and tartaric acid. Another self-cured cement contains a mixture of fluoroaluminosilicate and borosilicate glasses in the powder. Its liquid is a complex monomer containing carboxylic acid groups that can undergo an acid-base reaction with glass and vinyl groups that can polymerize when chemically activated.
Glass-ionomer cements are supplied as a powder and a liquid or as a powder that is mixed with water. Several products are encapsulated. On mixing, the polyacrylic and tartaric acids react with the glass, leaching calcium and aluminum ions from the surface, which cross-link the polyacid molecules into a gel.
Setting reaction. The setting reaction is an acid-base reaction between the acidic polyelectrolyte and the aluminosilicate glass. The polyacid attacks the glass to release cations and fluoride ions. These ions, probably metal fluoride complexes, react with the polyanions to form a salt gel matrix. The materials sets as a result of metallic salt bridges between the Al3+ and Ca2+ ions leached from the glass and the acid groups on the polymers. The Al3+ ions appear to be site bound, resulting in a matrix resistant to flow, unlike the zinc polyacrylate matrix. During the initial setting reaction in the first 3 hours, calcium ions react with the polycarboxylate chains. The reactions goes to completion slowly with formation of cross-linked gel matrix in the initial set and an aluminum ion exchange strengthening the crosslinking in the final set. A chelation effect takes with the calcium on the exposed tooth surface, creating an adhesive bond. Subsequently the trivalent aluminum ions reacts for at least 48 hours. Between 20% and 30% of the glass is decomposed by proton attack. The fluoride and phosphate ions form insoluble salts and complexes. The sodium ions form a silica gel. The structure of the fully set cement is a composite of glass particles surrounded by silica gel in matrix of polyanions cross-linked by ionic bridges (Fig. 4). Within the matrix are small particles of silica gel containing fluorite crystallites.

Glass-ionomer cements bond chemically to enamel and dentine during the setting process. The mechanism of bonding appears to involve an ionic interaction with calcium and/or phosphate ions from the surface of the enamel or dentine. Bonding is more effective with cleaned surface provided the cleansing process does not remove an excessive amount of calcium ions. The cleansing agent removes the smear layer of dentine.

The surface of new restorations should be protected from saliva during the initial set with a heavy varnish or light-cured bonding agent.
Manipulation. Glass-ionomers are packaged in bottles and in vacuum capsules for mechanical mixing in an amalgamator. Glass-ionomer cements mixed with the more viscous carboxylic acid liquids have a powder/liquid ratio of 1,3:1, whereas those mixed with water or a liquid with a consistency like that of water have a powder/liquid ratio of 3,3:1. The powder and liquid are dispensed onto a paper or a glass slab (Fig. 5). The powder is divided into two equal portions. The first portion is incorporated into liquid with a stiff spatula before the second portion is added. The mixing time is 30 to 60 seconds. Encapsulated products are typically mixed for 10 seconds in a mechanical mixer and dispensed directly onto the tooth and restoration. The cement must be used immediately because the working time after mixing is about 2 minutes at room temperature (23° C).

Glass-ionomer cements are very sensitive to contact with water during setting. The field must be isolated completely. Once the cement has achieved its initial set (about 7 minutes), coat the cement margins with the coating agent supplied with the cement. After placing the restorative and developing the correct contour, protect the surface from saliva by applying varnish. Trimming and finishing are done, if possible, after 24 hours.
The liquid in the unit-dose capsule is forced into the powder by press and mixed by a mechanical manner. The mixture is injected directly into the cavity preparation with a special syringe. Working time is short and critical, so it is imperative to place material with a minimum of manipulation. If the gel stage of the reaction is disrupted during the early phase of the reaction, the physical properties will be very low and adhesion can be lost.
Strength. The 24-hour compressive strength of glass-ionomer cements ranges from 90 to 230 MPa and is greater than that of zinc phosphate cement. Values of tensile strength are similar to those of zinc phosphate cement. Unlike zinc polyacrylate cements, glass-ionomer cements demonstrate brittle failure in the diametral compression test. The elastic modulus of glass-ionomer cements is less than that of zinc phosphate cement, but more than that of zinc polyacrylate cement. The rigidity of glass-ionomer cement is improved by the glass particles and the ionic nature of the bonding between polymer chains.

The compressive strength of glass-ionomer cements increases between 24 hours and 1 year, unlike that of zinc polyacrylate cement. A glass-ionomer cement formulated as a filling material showed an increase from 160 to 280 MPa over this period. The strength of glass-ionomer cements improves more rapidly when the cement is isolated from moisture during its early life.
Bond Strength. Glass-ionomer cements bond to dentin with values of tensile bond strength reported between 1 and 3 MPa (Fig. 6). The bond strength of glass-ionomer cements to dentin is somewhat lower than that of zinc polyacrylate cements, perhaps because of the sensitivity of glass-ionomer cements to moisture during setting. The bond strength has been improved by treating the dentin with an acidic conditioner followed by an application of a dilute aqueous solution of FeCl3. Glass-ionomer cements bond well to enamel, stainless steel, tin oxide-plated platinum, and gold alloy. Now there are new adhesive system specially creative for the usage with glass-ionomer cements. Their bond strength to dentin is somewhat better – 15 MPa.
Solubility. Values of solubility of glass-ionomer cements as measured in water are substantially higher than those measured for other cements. However, so this values are quite low and may be compared with values for zinc phosphate and zinc polyacrylate cements.
Biologic effects. Pulpal response to the lining and restorative materials appears generally favorable. Biological evaluations of glass-ionomer cements have been done by tissue culture and animal tests. The culture cells showed a weaker reaction to glass-ionomer cement than to zinc oxide-eugenol or zinc polyacrylate cements. Pulp tissue reactions of monkeys tested in vivo showed no difference between glass-ionomer and zinc oxide-eugenol cements. These reactions have been described as mild. The use of the proper powder/liquid ratio and the application of a calcium hydroxide base in areas closest to the pulp (in case of acute deep caries) are recommended.
Applications. Glass-ionomer cements are used primarily for permanent cement, as a base, and as a Class 5 filling material in adults where esthetics is not critical. Because of fluoride release they are specifically recommended for patients with high caries risk. The cement has been evaluated as a pit and fissure sealant and as an endodontic sealer. Glass-ionomer cements are being used clinically for cementation of orthodontic bands because of their ability to minimize decalcification of enamel by means of fluoride release during orthodontic treatment.
Hybrid glass-ionomer cements. Self-cured and light-cured hybrid ionomers (or resin-modified glass ionomers) are available for filling and cementation. A light-cured hybrid ionomer cement contains fluoroaluminosilicate glass in the powder and a copolymer of acrylic and maleic acids, HEMA, water, camphorquinone, and an activator in the liquid. Setting of hybrid glass-ionomer cements generally results from an acid-base glass ionomer reaction and self-cured or light-cured polymerization of the pendant methacrylate groups. There are light-activated cements, which are water-based and set by multiple reactions, including an acid-base reaction and polymerization (Type I), and the cements that set only after light-activation (Type II). Some cements, however, are light-cured only. Some products recommend the use of a conditioner for enhanced bonding to dentin. No coating agent is needed.

Hybrid glass-ionomers packages as powder-liquid and in capsules. The powder is fluffed before dispensing. The liquid is dispensed by keeping the vial vertical to the mixing pad. For one product, the powder/ liquid ratio is 1.6 g of powder to 1.0 g of liquid, and the powder is incorporated into the liquid within 30 seconds to give a mousse-like consistency. The working time is 2.5 minutes. Mechanical mixing of the unit-dose capsules provides a uniform mix that has much fewer of the larger air voids that can be introduced during hand spatulation. The cement is applied to a clean, dry tooth that is not desiccated. After forming the restorations the material light-cured, set immediately and can be finished soon after (Fig. 7).

The compressive and tensile strengths of hybrid ionomer cements are higher to those of glass-ionomer cements. The fracture toughness is higher than that of other water-based cements but lower than composite cements. The transverse strength of a hybrid ionomer is almost double that of a standart glass-ionomer. Hybrid glass-ionomer cements have very low solubility when tested by lactic acid erosion. Water sorption is higher than for resin cements. Recently, some hybrid glass-ionomer cements have been modified to have less water sorption. Fluoride release and rechargeability are similar to glass-ionomer cements. The early pH is about 3.5 and gradually rises. Clinical experience indicates minimal postoperative sensitivity.

Hybrid glass-ionomers can bond to tooth structure without the use of a dentine bonding agents (so called autoadhesion). Typically, the tooth is conditioned (etched) with polyacrilic acid or a primer before placing the hybrid ionomer. The bond strength to moist dentin ranges from 10 to 14 MPa and is much higher than that of most water-based cements. 

Hybrid glass-ionomer or light-cured resin-modified glass-ionomer are used for restorations in low stress-bearing areas and are recommended for patients with high caries risk (aging population with high incidence of root caries and children who have minimal dental care but high caries factors). These restorations are more esthetic than glass-ionomers because of their resin contents. Additional uses include adhesive liners for amalgam, bases, provisional restorations, and cementation of specific ceramic restorations. Light-cured hybrid ionomer cements are used primarily for bases and liners. Self-cured hybrid glass-ionomer cements also are indicated for permanent cementation of porcelain-fused-to-metal crowns; bridges; metal inlays, onlays, and crowns; post cementation; and luting of orthodontic appliances. One light-cured product is recommended for direct bonding of orthodontic brackets and bands.
The main advantages of these materials are the low irritancy, adhesion to tooth substance and alloys, easy manipulation, strength, solubility, and film thickness properties comparable to those of zinc phosphate cements. Properties especially noteworthy are a modulus that is similar to dentin, a bond strength to dentin of 2-8 MPa, an expansion coefficient comparable to tooth structure, low solubility and very high opacity. The fluoride that is released slowly to provide an anticariogenic effect on adjacent tooth structure.

Although the bond strength of glass-ionomers to dentin is lower than that of composites, clinical studies have shown that the retention of glass-ionomers in areas of cervical erosion are considerably better than for composites. When the dentin is conditioned (etched) using a dilute solution (15% to 25%) of polyacrilic acid, the glass ionomer may be applied without a cavity preparation. Although the surface of restoration remains slightly rough, cervical restorations did not contribute to inflammation of gingival tissues.

The disadvantages are the need for accurate proportioning required for optimal properties and thus more critical manipulation, the lower compressive strength and greater viscoelasticity than zinc phosphate cements, the short working time of some materials, and the need for clean surfaces to utilize the adhesion potential.

DENTAL AMALGAMS
Amalgam technically means an alloy of mercury (Hg) with any other metal. Dental amalgam is an alloy made by mixing mercury with a silver-tin dental amalgam alloy (Ag-Sn). In dentistry, it is common to use the term amalgam to mean dental amalgam.

Amalgam alloy is a silver-tin alloy to which varying amounts of copper (Cu) and small amounts of zinc (Zn) have been added. Low-copper amalgam alloys contain 2% to 5% copper. The earliest successful amalgams were made by combining filings of such alloys with mercury. A typical modern low-copper amalgam alloy may contain 69.4% Ag, 26.2% Sn, 3.6% Cu, and 0.8% Zn. Amalgams made from such low-copper alloy filings are often referred to as conventional amalgams. High-copper amalgam alloys contain 12% to 30% copper, and because of their higher copper content, they display significantly better corrosion resistance than low-copper amalgams. A typical high-copper amalgam alloy may contain 60% Ag, 27% Sn, 13% Cu, and 0% Zn. The particles of these alloys that are mixed with mercury may be filings, but they are often small spheres.

Amalgam has been an accepted part of dental therapeutics for more than 150 years. It is still used for over 75% of direct posterior restorations today. The reasons for its popularity lie in its ease of manipulation, relatively low cost, and long clinical service life.

Amalgam's primary application in dentistry is for the restoration of posterior teeth and, to some degree, for cores for crown-and-bridge buildups. Small Class V restorations, although formerly representing a major clinical use for amalgams, now are virtually always carried out using composite and hybrid glass-ionomer restorative materials. Posterior lesions are restored primarily by amalgam, although as a result of recent improvement in their clinical handling, composites have been employed successfully in small cavities.
Chemical composition and microstructure. Contemporary amalgams are mainly classified as high-copper amalgams and have existed since the 1960s. A general classification of amalgam alloys is given in Table 3.
Table 3. Classification of amalgam alloys
	Composition
	Morphology
	Example

	Traditional
	Lathe cut
	Aristaloy

	Traditional
	Spherical
	Spheraloy

	High copper
	Lathe cut (single composition)
	Epoque 80

	High copper
	Spherical (single composition)
	Tytin

	High copper
	Admixed (traditional + Ag-Cu eutectic)
	Dispersalloy


Traditional amalgam alloys. Lathe cut. Milling and sifting produced the ultimate particle size distribution, as well as the final form of the amalgam alloy particles (Fig. 8).

A commercial alloy evolved into a blend of different particle sizes rather than a unimodel system, in order to optimize packaging efficiency. The length of particles in a commercial lathe-cut alloy might range from 60 to 120 μm, their width from 10 to 70 μm, and their thickness from 10 to 35 μm. The particle size has become still smaller (<30 μm) due to the introduction of so-called spherical alloys. The traditional alloys contain 66% to 73% silver by weight; tin varies from 25% up to 29% by weight, and the amount of copper may be as high as 6% by weight. Zinc may be present up to 2% by weight. Up to 3% mercury by weight may also be present.

Traditional amalgam was mixed initially by proportioning alloy and mercury components into a mortar and then grinding the mixture with a pestle. Alloy was manufactured in bricks that were ground with a file into filings and mixed with mercury. A more efficient process was grinding up the ingot of alloy, typically on a lathe. For that reason, those particles became known as lathe-cut particles. The structures of these traditional alloys are essentially phase mixtures of the gamma phase of the silver-tin system (Ag3Sn) and the epsilon phase of the copper-tin system (Cu3Sn). It has been shown that Ag3Sn produces the best physical properties when reacting alloys of the silver-tin system with mercury (Gruber et al, 1967). Some of these traditional alloys are still available, but they represent only a minor component of the overall amalgam market.
Spherical Amalgam. The spherical alloys were introduced on the market during the 1960s. A spherical amalgam contains small, round alloy particles that are mixed with mercury to form the mass that is placed into the tooth preparation. Generally, their particle shape is created by means of an atomizing process whereby a spray of tiny drops is allowed to solidify in an inert gaseous (i.e., argon) or liquid (i.e., water) environment. Although all alloys produced in this way are classified as spherical, their particle shape might be irregular (Fig 133). Generally, the maximum particle size in a spherical alloy powder is 40 to 50 μm or less, although there usually is a particle size distribution. Spherical traditional amalgam lowered the necessary mercury/alloy ratios and dramatically reduced condensation pressures. This advantage is combined with its high early strength 25 to provide a material that is well suited for very large amalgam restorations, such as complex amalgams or foundations.

Later, it was demonstrated that spheroidal particles packed more efficiently (see Fig. 8) and required much less mercury to make a practical mixture. Spherical particles also increased the fluidity of the mixture by presenting less resistance to particle sliding. Using some or all spherical alloy particles, it is possible to reduce the mercury portion of the mixture to less than 50% by weight. The distinction between irregular (lathe-cut) and spherical particle geometries became the next major basis for classification of amalgam alloys. Most modern precapsulated amalgams are formulated with only 42% to 45% mercury by weight.
High-copper blended and single composition. During the late 1960s, alloys with a significantly different chemical composition were introduced on the market. All of these alloys could be characterized by their higher copper content. The chemical composition of the spherical particle was 72% silver by weight and 28% copper by weight; it corresponds to the eutectic composition of the silver-copper system. The overall composition of this alloy contained approximately 13% copper by weight. This was more than twice the maximum amount of copper permitted for dental amalgam alloy at that time. Amalgams made from this alloy, however, were clinically superior to traditional amalgams with respect to marginal integrity (Mahler et al, 1970).

During the early part of the twentieth century, alloy powder and mercury were proportioned crudely and mixed manually. To proportion and mix amalgam more carefully, manufacturers later recommended the use of alloy pellets, mercury dispensers, reusable mixing capsules and pestles, and amalgamators. A typical reusable capsule was a hollow tube with rounded ends constructed as two pieces that could be friction-fit or screwed together. Amalgam alloy was dispensed into the capsule as a pellet of pressed powder of standard weight. Mercury was dispensed into the capsule as a standard-sized droplet from an automatic dropper bottle. A small metal or plastic pestle was added to the capsule and it was closed. The capsule and its contents were then automatically mixed using an amalgamator. The typical amalgamator has been designed to grasp the ends of the capsule in a claw that is oscillated in a figure-eight pattern. This accelerates the mixture toward each end of the capsule during each throw and impacts the mixture with the pestle.
Setting reactions. Amalgam is mixed for use by combining amalgam alloy particles with mercury, vigorously mixing the components (trituration) for a few seconds during the initial reaction, placing the plastic mass into a tooth preparation, compressing the mixture (condensation) to remove the excess mercury-rich phase, and then carving and finishing the hardening mass.
Traditional amalgams. The amalgamation reaction of the traditional alloy with mercury (known as trituration) as well as its microstructure after setting are described on the basis of a reaction of Ag3Sn (gamma) with mercury. Copper and/or zinc are not usually taken into account, but their presence has important effects. During hardening, new reaction products with mercury are formed at the cost of the original alloy particles. The main reaction products formed are the gamma 1 (silver-mercury) and gamma 2 (tin-mercury) phases. Formation of a network is completed before all the original reactant is consumed. This amalgamation reaction can be symbolized as follows:

  Ag3Sn + Hg —» Ag2Hg3 + SnyHg + Ag3Sn

γ-phase + Hg —» γ1-phase + γ2-phase + γ-phase (remnant)

In the majority of the traditional amalgams both the gamma 1 and gamma 2 phases form a continuous network. The formation of such an interconnecting structure is extremely important because the gamma 2 phase is prone to corrosion and should be considered the weak link in many traditional dental amalgams. The copper contained in the original alloy will react with tin during trituration to form the eta prime phase of Cu6Sn5. The presence of copper has long been associated with improving the physical properties of amalgam, particularly its flow or deformation under static load. This effect is magnified in high-copper amalgams. The presence of zinc appears to extend the working time and, hence, the plasticity of the traditional amalgam.
High-copper amalgams. As mentioned earlier, the gamma 2 phase is considered the weak link in a traditional low-copper amalgam. All high-copper amalgams are characterized by the gamma 2 phase being either absent or substantially reduced, because tin preferentially reacts with copper rather than with mercury, preventing the formation of die tin-mercury reaction product. So, in high-copper amalgams the gamma 2 phase is absent. It was confirmed that increasing the copper content above 12% by weight in the amalgam alloy effectively suppressed formation of the phase (Sn-Hg), which was prone to intraoral corrosion. During amalgamation of blended-typed alloys, Cu6Sn5 is created from copper and tin. In these amalgams, the elimination of gamma 2 may occur over a substantial time period as the reactions are diffusion controlled.
Physical properties. The physical properties of dental amalgam are usually compared to those specified in the American National Standards Institute/American Dental Association (ANSI/ADA) specifications for dental amalgam. These properties are (1) 1-hour compressive strength, (2) creep (or resistance to static load), and (3) dimensional change. The ANSI/ADA limits are (1) 1-hour compressive strength of at least 80 MPa (11,000 psi), (2) dental creep of no more than 3 % and (5) dimensional change of ±20 μm/cm. The 24-hour compressive strengths offered to the amalgam would be on the order of 380 Mpa (55,000 psi).

The rationale for these properties is that high early strength is important to withstand dental finishing procedures and occlusal stresses. Low creep is desirable for maintaining marginal integrity, and dimensional change must be controlled to prevent excessive marginal leakage.

The wear of amalgams is approximately the same magnitude as that of tooth enamel. The wear resistance of amalgams exceeds that of most posterior composite restorative materials; therefore, amalgams are much more likely than most composite restorative materials to maintain occlusal contacts.
Corrosion. Traditional amalgams are susceptible to corrosion. This process then leads to two deteriorating effects: (1) the corrosion of interconnected gamma 2 further weakens the amalgam, particularly the tensile strength; and (2) the mercury liberated by the corrosion process. The formation of these new reaction products could produce an additional dimensional change (mercuroscopic expansion), leading to unsupported amalgam at the margin, which can easily fracture in tension.
Clinical performance. Properly handled dental amalgam should be regarded as safe for general use as a direct restorative material. This position has been accepted, based on available scientific evidence, by the leading regulatory, professional, and research organizations in the world (USPHS, 1993).

Generally amalgams can be used for the following clinical procedures:

1. Classes I, II, and V restorations

2. Foundations

3. Caries control restorations 
Advantages. Some of the advantages of amalgam restorations have already been stated, but the following list presents the primary reasons why amalgam restorations have been used successfully for many years:

1. Ease of use

2. High tensile strength

3. Excellent wear resistance

4. Favorable long-term clinical research results

5. Lower cost than for composite restorations

6. Bonded amalgams have "bonding" benefits:

• Less microleakage

• Less interfacial staining

• Slightly increased strength of remaining tooth structure

• Minimal postoperative sensitivity

• Some retention benefits

• Esthetic benefit of sealing by not permitting the amalgam to discolor the adjacent tooth structure 
Disadvantages. The primary disadvantages of amalgam restorations relate to esthetics and increased tooth structure removal during tooth preparation. The following is a list of these and other disadvantages of amalgam restorations:

1. Noninsulating

2. Nonesthetic

3. Less conservative (more removal of tooth structure during tooth preparation)

4. Weakens tooth structure (unless bonded)

5. More technique sensitive if bonded

6. More difficult tooth preparation

7. Initial marginal leakage'
Restorative amalgam clinical technique. The application of the amalgam restoration requires several steps (Fig. 9):
Local Anaesthesia. Profound anaesthesia contributes to a comfortable and uninterrupted operation and usually results in a marked reduction in salivation. Because most amalgam tooth preparations are relatively more extensive, local anaesthesia usually is necessary.
Isolation of the Operating Site. Isolation for amalgam restorations can be accomplished with a rubber dam or cotton rolls, with or without a retraction cord.
Matrix Placement. A matrix primarily is used when a proximal surface is to be restored. The objectives of a matrix are to: (1) provide proper contact, (2) provide proper contour, (3) confine the restorative material, and (4) reduce the amount of excess material. For a matrix to be effective, it should: (1) be easy to apply and remove, (2) extend below the gingival margin, (3) extend above the marginal ridge height, and (4) resist deformation during material insertion.
Final Tooth Preparation. Final tooth preparation includes: (1) removal of remaining defective enamel and infected dentin on the pulpal floor; (2) pulp protection, where indicated; (3) procedures for finishing external walls; and (4) final procedures of cleaning and inspecting the prepared tooth. The use of desensitizers or bonding systems is considered the first step of the restorative technique.
Mixing (Triturating) the Amalgam Material. The manufacturer's directions should be followed when mixing the amalgam material. Both the speed and time of mix are factors in the setting reaction of the material. Alterations in either may cause changes in the properties of the inserted amalgam.
Inserting the Amalgam. Placing a Sealer or Adhesive System. As stated previously, adhesives are not routinely used with conservative amalgam restorations. They are used more appropriately for larger restorations where bonding may increase the resistance and retention forms. However, a dentin desensitizer is placed in the preparation before amalgam condensation for nonbonded amalgam restorations.
Inserting the amalgam. Use an amalgam carrier to transfer amalgam to the tooth preparation. Increments extruded from the carrier should be smaller (often only half or less of a full-carrier tip) for a small preparation, particularly during the initial insertion. Use a flat-faced, circular or elliptic condenser to condense the amalgam over the pulpal floor of the preparation. Thoroughly condense each portion extruded from the carrier before placing the next increment. The preparation should be overpacked 1 mm or more using heavy pressure. Final condensation over cavosurface margins should be done perpendicular to the external enamel surface adjacent to the margins. Condensation of a mix should be completed within the time specified by the manufacturer (usually 2-3,5 minutes).
Contouring and Finishing the Amalgam. With care, carving may begin immediately after condensation. Even if the carving has been carefully accomplished, the restoration occasionally will be "high," indicating a premature occlusal contact. Whenever possible, visually inspect the contact potential of the restored tooth and assess the extent of closure. To ensure that the occlusion is correct, place a piece of articulating paper over the restoration and instruct the patient to close very lightly. The process of light closure with articulating paper is repeated, and additional carving is accomplished until the patient can close the teeth to prerestoration occlusion. However, these procedures are occasionally necessary to: (1) complete the carving; (2) refine the anatomy, contours, and marginal integrity; and (3) enhance the surface texture of the restoration. Additional finishing and polishing procedures for amalgam restorations are not attempted within 24 hours of insertion, because crystallization is not complete. Initiate a polishing procedure by using a coarse, rubber abrasive point at low speed and air-water spray to produce an amalgam surface with a smooth, satiny appearance. After the area is washed free of abrasive particles, a high polish may be imparted to the restoration with a series of medium- and fine-grit abrasive points. If a high luster does not appear within a few seconds, the restoration requires additional polishing with the more abrasive points.
New Amalgam Alloys. Because of the concern about mercury toxicity, many new compositions of amalgam are being promoted as mercury-free or low-mercury amalgam restorative materials. Alloys with gallium or indium or those using cold-welding techniques are presented as alternatives to mercury-containing amalgams. Unfortunately, none of these new alloys show sufficient promise to become a universal replacement for current amalgam materials.

Because of a concern about the possible toxicity of mercury in amalgams, a number of materials have been developed as amalgam alternatives. Amalgam alternatives comprise any materials (e.g., composite, glass ionomer, cast gold alloys) that can be used to restore a tooth instead of using amalgam. Amalgam substitutes (e.g., cast gold alloys) are materials generally considered to have equal or better properties than the amalgam restoration they replace. Most are compositions that contain some of the components of amalgam (e.g., Ag-Sn alloy particles), but they do not contain mercury. Gallium alloys are an example of such a substitute made with Ag-Sn particles in Ga-In. Gallium melts at 28° C and can be used to produce liquid alloys at room temperature by the addition of small amounts of other elements such as indium. In this case, Ga-In has been substituted for Hg in amalgam. Other systems that use Au mixed with other noble metals to form the restoration matrix are being explored
Gallium alloys. Although called gallium alloys, these systems make use of the fact that the melting temperature of gallium can be suppressed below room temperature with the addition of appropriate amounts of indium and tin. This liquid can be then triturated with a silver-tin-copper alloy powder (spherical) in the same fashion as dental amalgam. Significant additions of palladium are added to the alloy powder in current commercial compositions to improve corrosion properties. A current composition marketed in Japan is known as Gallium alloy GF (Tokuriki Honton Co. Ltd.) comes as a powder and contains the following elements (by weight): silver, 50%; tin, 25.7%; copper, 15%; palladium, 9%; and traces, 0.3%. It is also available as a liquid containing gallium, Ga 65%; indium, 18.95%; tin, 16%; and traces, 0.5%.

COMPOSITES
Early attempts at esthetic filling materials that predated acrylic resins and composites were based on silicate cements. These cements resulted from reactions of phosphoric acid with acid-soluble glass particles to form a silica gel matrix containing residual glass particles. Solubility problems with these materials led to the introduction of unfilled acrylic systems based on polymethyl methacrylate (PMMA).
Self-curing unfilled acrylic resins were introduced around 1945 as a substitute for silicate cement and were in moderate use in the 1950s. These materials were related to denture base resins and were much less soluble and more color stable than silicates. They were easy to use, polishable, and had good initial esthetics. Their main problems were high shrinkage upon polymerization, large thermal dimensional change, eventual discoloration, and a high wear rate.

Composite resins, a combination of hard, inorganic filler particles bonded to soft dimethacrylate polymer, were introduced in the 1960s. As a consequence of the bonded filler phase, these materials had much better mechanical properties than did unfilled resins, approaching the properties of dentin and enamel. Originally intended for use in anterior Class III, IV, and V restorations where esthetics are important, improvements have included light curing, bonding to tooth structure, and reduced wear. Continued development has led to their use in conservative posterior restorations.
Methyl methacrylate (MMA) monomer contracted excessively during polymerization, permitting subsequent marginal leakage. Also, polymethyl methacrylate PMMA was not strong enough to support occlusal loads. Therefore reinforcing ceramic fillers, principally containing silica, were added to the composition. Retrospectively, the original polymethyl methacrylate PMMA materials now are called unfilled acrylics. (If the amount of filler or fillerlike phase added to a resin matrix is small, the overall composition is considered unfilled. Therefore 1% to 2% filler-modified sealant compositions are still classified as unfilled.)
Terminology. A composite is a physical mixture of materials. The parts of the mixture generally are chosen with the purpose of averaging the properties of the parts to achieve intermediate properties. Quite often a single material does not have the appropriate properties for a specific dental application.
A composite is a material composed of two or more distinct phases. Composites typically involve a dispersed phase of filler particles distributed within a continuous phase (organic matrix phase). In most cases, the matrix phase is fluid at some point during the manufacture or fabrication of a composite system.

A dental composite has traditionally indicated a mixture of silicate glass particles within an acrylic monomer that is polymerized during the application. The silicate particles provide mechanical reinforcement of the mixture (reinforcing fillers) and produce light transmission and light scattering that adds enamel-like translucency to the material The acrylic monomers make the initial mixture fluid and moldable for placement into a tooth preparation. The matrix flows to adapt to tooth preparation walls and penetrate into micromechanical spaces on etched enamel or dentin surfaces.

Methyl methacrylate MMA-based matrices were supplanted by BIS-GMA (alternatively Bis-GMA). BIS-GMA is a difunctional monomer originally produced as the reaction product of bisphenol-A and glycidyl methacrylate. Several analogues of that structure have been investigated (modified BIS-GMA). Another very similar difunctional molecule used in composites is urethane di-meihacrylate (UDMA), TEGDMA) and others.
Matrix monomers for composites used in the United States traditionally have been based on BIS-GMA as the primary monomer. UDMA has been more popular in European composites. Initially, better adhesion and/or resistance to color change was predicted for the UDMA formulations, but clinical studies have not been able to document these advantages.
The oligomers have in common reactive double bonds at each end of the molecule which are able to undergo addition polymerization in the presence of free radicals.
Initiators and accelerators. Polymerization of composites may be achieved by chemical means (self-cure) or by visible light activation. Dual cure is a combination of light and chemical curing. In chemically activated systems, an organic peroxide initiator (or catalyst), upon reacting with a tertiary amine accelerator, produces free radicals that attack the double bonds of oligomer molecules and begin the process of addition polymerization.

Initiation of polymerization in light-activated systems depends upon the scission of the initiator molecule, often camphoroquinone, by visible light of appropriate wavelength. In the presence of an aliphatic amine accelerator, free radicals are produced and polymerization begins. Polymerization results in a highly cross-linked polymer.
Matrix monomers can be polymerized in a variety of ways. The original composites adopted self-curing chemistry that was typical of dental denture base compositions. These composites have been called self-cured, chemically cured, or two-component systems. Amine accelerators that were used to increase polymerization rates, however, contributed to discoloration after 3 to 5 years of intraoral service. Alternative system was introduced that used ultraviolet light (UV light-cured) to initiate polymerization. The curing, units required were of limited reliability and presented some safety problems. They, in turn, were replaced with visible light-cured (VLC) or light-cured (LC) systems.

Light cured composites are the most popular today, but their success depends on the access of high-intensity light to cure the matrix material. If the composite thickness exceeds 1.5 to 2 mm, then the light intensity can be inadequate to produce complete curing, especially with darker shades of composite. Filler particles and coloring agents tend to scatter or absorb the curing light in the first 1 to 2 mm of material. Darker shades and microfllls are more difficult to cure. Access to inter-proximal areas is limited and may require a special technique to guarantee adequate light-curing energy. Because of these problems, more and more composite compositions are dual cured, combining self-curing and light-curing. The self-curing rate is slow and is designed to cure only those portions not adequately light-cured.
Light-Curing Variables. A key consideration for light-curing in dentistry is the plethora of variables associated with the operation. Light-curing can be accomplished with quartz-tungsten-halogen (QTH) curing units, plasma arc curing (РАС) units, laser curing units, and light-emitting diode (LED) curing units (Fig. 10). Each has different operational characteristics but acts as a source of visible light energy. The spectral output (intensity versus wavelength; of different types of lights or different commercial units may vary, but each one attempts to maximize the light in the absorption range of the photoinitiator (camphoroquinone) within the composite being cured. The vast majority of current composites employ camphoroquinone as the photoinitiator, and it absorbs photons of light energy, predominantly at 474 nm.

Different categories of curing lights produce a spectrum of light in different ways. The problems of all are illustrated by considering quartz-tungsten-halogen QTH light-curing systems. Within the light-curing unit is a power supply that heats a tungsten filament in a quartz bulb containing a halogen gas. The output of the bulb depends on the voltage control and operational characteristics of the bulb. New bulbs are not necessarily equivalent. Older curing units often demonstrate voltage variations. A typical quartz-tungsten-halogen QTH bulb is rated for 80 to 100 hours (approximately 2,5 years of average clinical practice use) but may last two to three times as long under ideal conditions. Of the light produced, less than 0.5% is suitable for curing, and most is converted at some point into heat. To minimize any heating that might occur during light-curing, two filters are inserted in the path of the light just before the fiberoptic system. The ultraviolet and infrared bandpass filters eliminate significant amounts of unnecessary light and convert it into heat within the unit. A small fan is used to dissipate unwanted heat from the filters and reflector. Bandpass filters can be made from special glass or plastic coatings on clear glass. Light passed through the fiber-optic bundle is emitted from the tip of the curing unit.

The curing light output can be monitored directly with a built-in or portable radiometer or by trial-curing of some composite material. Most modern curing lights include a convenient radiometer as part of the unit that measures the number of photons per unit of area per unit of time. Generally, quartz-tungsten-halogen QTH curing lights functioning in the normal range have outputs from 400 to 800 mW/cm2. A good rule of thumb is that the minimum output should never drop below 300 mW/ cm2:
Light energy entering into a fiber-optic bundle is diffused or concentrated depending on whether the curing unit tip is larger or smaller, respectively. It contains many ultraviolet and infra-red rays (waves). This increases the chance that heat produced in the curing procedure will raise the temperature of the restoration and surrounding dentin to much more dangerous levels. Increases in pulpal temperatures of more than 5° to 8° С easily cause cell death.

Light emanating from the tip of a curing unit does not maintain its intensity, but is scattered by molecules in the air on the path to the restoration. Ideally the fiber-optic tip should be adjacent to the surface being cured, but this would most likely cause the tip to be contaminated by the material being cured. The intensity of light striking the composite is inversely proportional to the distance from the tip of the fiber-optic bundle of the curing light to the composite surface. Ideally, the tip should be within 2 mm of the composite to be effective.
Filler particles. Filler compositions often are modified with other ions to produce desirable changes in properties. Lithium (Li) and aluminum (Al) ions make the glass easier to crush to generate small particles. Barium (Ba), zinc (Zn), boron (B), zirconium (Zr), and yttrium (Y) ions have been used to produce radiopacity in the filler particles. Excessive modification (by replacement of the silicon in the structure) however, can reduce the efficacy of silane coupling agents.

Pure silica occurs in several crystalline forms (such as crystobalite, tridymite, or quartz) and in a noncrystal-line form (glass). Crystalline forms are stronger and harder, but when used, result in composites that are difficult to finish and polish. Therefore most composites are now produced using silicate glass. Barium, zinc, and yttrium-modified silicate glasses are currently the most popular fillers.

Although "dental composite" or "composite" is the technically correct term for these materials, various terms have been widely accepted as well. Composites often have been called composite restorative materials, filled resins, composite resins, resin composites, resin-based composites, or filled composites.
These alternative terms become more confusing as the field of dental polymers becomes more sophisticated and simultaneously more complex. In this textbook, the term composite is used, Most dental materials are composites of some type. If these compositions are modified to include special polymer phases, then they may be called resin-containing composites. For example, glass-ionomer cements have been modified with both polymer-containing fillers and monomer-containing matrices. They are classified as hybrid or resin-modified glass ionomers but could equally well be described as modified composites - compomers.

To gain the full advantage of a composite formulation, it is very important to provide interfacial bonding between the phases. In modern composites, silica particles are precoated with monomolecular films of silane coupling agents. These molecules are difunctional. One end is capable of bonding to hydroxyl groups, which exist along the surface of the silica particles, and the other end is capable of copolymerizing with double bonds of monomers in the matrix phase. Coupling agents work best with silica particles. Therefore all composites have been based on silica-containing fillers.

Particle sizes in composites affect other properties as well as fluidity. For example, filler particle size has a direct effect on the surface roughness of the ground, finished, or polished composite. Filler particles are harder than the matrix. Thus during finishing, some particles may be left protruding from the surface, while others are stripped out of the surface leaving holes. If the particles are very small, then the resulting surface roughness is of little concern. Otherwise, the rough areas may contribute to light scattering and collection of organic debris or stain.

Effectiveness of restoration finishing and polishing procedures depends on careful use of successively finer abrasive materials to eliminate larger scratches or defects and replace them with smaller ones. Final finish of the composite surface is a result of the combination of filler particle size effects and finishing scratches. Average roughness of the surface is recorded in terms of the extent of hills and valleys measured on surface profiles. It is common to be able to achieve surface smoothness in the range of 0.2 to 0.6 m using submicron polishing pastes on materials that include submicron filler phases.
Other ingredients. Inorganic oxide pigments are added to composites in small amounts to provide a range of standard shades. Most often, four shades, ranging from yellow to gray, are supplied. In response to consumer interest, manufacturers now offer an extended range of 16 or 25 shades, as well as shade selections from the Bioform and Vita ceramic shade guides. Most manufacturers offer modifiers such as highly pigmented tints for mixing with standard shades, as well as opaquers and glazes. For determining shade of restorative material are used special colorimeters.
Polymerization inhibitors and stabilizers are added to the composite in order to lengthen shelf life.
Classification. Composites generally are classified with respect to the components, amounts, properties of their filler or matrix phases, or by their handling properties. The most common classification method is based on filler content (weight or volume percent), filler particle size, and method of filler addition. Composites also could be defined on the basis of the matrix composition (BIS-GMA or UDMA) or polymerization method (self-curing, ultraviolet light-curing, visible light-curing, dual curing), but these do not communicate as much information about the properties.

Almost all important properties of composites are improved by using higher filler levels. The only practical problem is that, as the filler level is increased, the fluidity decreases. Highly filled compositions typically contain large filler particles, but as previously stated, this composition results in a rougher finished surface. Smaller filler particles are used to guarantee that composites have a relatively smooth finished surface; however, this choice compromises the filler level possible and therefore the material's properties.

The degree of filler addition is represented in terms of the weight percent or volume percent of filler. Because silica fillers are approximately three times as dense as acrylic monomer (or polymer), 75 weight percent filler is equivalent to approximately 50 volume percent filler. Properties of composites are proportional to the volume percent of the phases involved. But, it is much easier to both measure and formulate composites using weight percentages rather than volume percentages and, in dentistry, the weight percent is much more commonly reported.

Filler particle sizes for the earliest composites averaged 10 to 20 m in diameter, with many of the larger particles as large as 50 m. At first, there was no need to distinguish the particle size range or ranges of composites because all commercial products were in approximately the same range. During the evolution of formulations toward better finishing characteristics and greater resistance to wear, smaller and smaller filler particles were used. Because the early filler particles were relatively large, composites based on those large fillers became known as macrofill materials. The terms macrofill or macrofiller are preferred to macrofilled because they properly describe the filler particle size and not the method of producing the mixture. The composites are classified either in terms of their particle size range or comparative finishing characteristics.

Classification of composites based on the range of filler particle size. That system is extended here to include the particle size by order of magnitude, acknowledging mixed ranges of particle sizes, and distinguishing precured composite pieces as special filler. Composite filler particles are called macrofillers in the range of 10 to 100 m, midifillers from 1 to 10 m, minifillers from 0.1 to 1 m, and microfillers from 0.01 to 0.1 m. Very large individual filler particles, called megafillers, also have been used in special circumstances. New ultrasmall fillers are being investigated that are from 0.005 to 0.01 m in diameter and are called nanofillers. Accordingly, composites are classified by particle size as megafill, macrofill, midifill, minifill, microfill, and nanofill. Composites with mixed ranges of particle sizes are called hybrids, and the largest particle size range is used to define the hybrid type (e.g., minifill hybrid) because microfillers are normally the second part of the mixture. If the composite simply consists of filler and uncured matrix material, it is classified as homogeneous. If it includes precured composite or other unusual filler, it is called heterogeneous. If it includes novel filler modifications in addition to conventional fillers, then it is called modified, such as fiber-modified homogeneous minifill.
Composite resins are often classified according to the size of the ceramic filler particle
Macrofills, the earliest composites, contain relatively large quartz particles ranging in size from 15 to 35 m. Although these materials showed greatly improved properties relative to unfilled resins, large particles did not permit adequate polishability, resulting in rough surfaces and the retention of plaque. With the introduction in recent years of polishable small-particle materials, the use of macrofills has greatly declined.
Fine-particle composites contain ground glass or quartz particles 0.5 to 3.0 m in diameter, which occupy 60% to 77% of the composite by volume. Since the filler has a density greater than that of the polymer matrix, the fraction of the filler by weight is higher, about 70% to 90%. Particles present may be of uniform diameter or may have a distribution of diameters, in which case smaller particles fit in the spaces between larger particles, and packing is more efficient.
Microfine composites contain spherical colloidal silica particles 0.01 to 0.12 m in diameter. Filler loading in these composites is therefore limited to about 20% to 55% by volume or 35% to 60% by weight, and low-molecular-weight organic diluents of low viscosity are often added to give the composite a workable clinical consistency. Filler content may be increased and properties improved by grinding a polymerized microfine composite into particles 10 to 20 m in diameter and subsequently using these reinforced particles as filler along with colloidal silica. Heavily filled microfine composites have a filler content of 32% to 66% by volume or about 40% to 80% by weight.
Hybrids (or blends) have a combination of colloidal and fine particles as filler. The colloidal particles fill the matrix between fine particles, resulting in a filler content of around 60% to 65% by volume. Hybrids currently dominate the market, followed by microfine materials.
After the early macrofill composites, the next generation had fillers that were 8 to 10 m in average size (midifillers) and were originally designated fine particle composites to imply their improved finishing characteristics. These new materials quickly became popular and were used primarily for anterior restorations in place of silicate cements and direct-filling resins. The category soon became known as traditional or conventional composites, but that designation has become confusing as newer composites continue to evolve with even smaller particle size ranges. The next step in composite evolution was to utilize 0.02- to 0.04-m diameter particles to produce microfill composites. The term microfiller was already in common use for these particles in nondental applications. Microfill composites also were called fine finishing composites. The small filler particle size produced high viscosities in the uncured mixes of BIS-GMA with TEGDMA and requires the addition of greater amounts of monomer diluents, along with a reduced overall filler content to maintain workable consistencies (Table 4).

Table 4. Average properties of composites

	Property
	Microfine
	Hybrid
	Fine
	Macrofill

	Inorganic filler content (vol %)
	20-55
	60-65
	60-77
	50-65

	Thermal conductivity
	Insulator
	Insulator
	Insulator
	Insulator

	Coefficient of thermal expansion (/°C x 10"6)
	50-68
	20-40
	19-38
	17-35

	Hardness (Knoop)
	22-36
	50-60
	50-80
	55

	Water sorption (mg/cm2)
	1.2-2.2
	0.5-0.7
	0.3-0.6
	0.3-0.7

	Compressive strength (MPa)
	170-475
	300-475
	240-400
	210-300

	Tensile strength (MPa)
	25-50
	50-90
	35-90
	35-65

	Polymerization shrinkage (%)
	2-4
	1.5-4
	1.0-1.7
	1.0-1.7


To circumvent part of the viscosity problem, two strategies were developed. The first was to blend precured microfill composite with uncured material. Precured particles were generated by grinding cured composites to a 1- to 20-m sized powder. The precured particles become chemically bonded to the new material, provide islands with better properties, and can be finely finished. These variants are known as heterogeneous microfills (or organic filler composites). Unmodified microfills are called homogeneous microfills. A second approach has been to sinter small filler particles into large but porous filler particles, impregnate them with monomer, and add the new particles to a microfill composite. Within the local region of the sintered filler particle, the material is highly filled and yet capable of being polished.

After it was realized that highly filled microfills were difficult to use, composites were formulated with mixtures of particles in the microfiller range and 2 to 5 m range. These bimodal distributions allowed higher filler levels and still permitted good finishing. All types of mixtures are known collectively as hybrid composites. Currently, the principal particle size for newer materials is in the 0.1 to 1 m range. These composites might be called microhybrids (Fig. 11) and totally performed microhybrids (Fig. 12). 
New composites are being developed with nanofillers that range in size from 0.005 to 0.01 m, which is below the wavelength range for visible light (0.02 to 2 m). Because these particles do not interact with visible light, they do not produce scattering or significant absorption. Nonsilicate-based compositions can be used for nanofillers because they are effectively invisible. Nonsilicate fillers do not tend to agglomerate in chains like typical silica-based fillers. Nanofillers are so small that they fit between several polymer chains. These characteristics permit the opportunity to achieve very high filler loading levels in composites while still maintaining workable consistencies.

Another consequence of advances in the control of filler particle size, particle size distribution, particle morphology, and monomer technology has been the introduction of composites with specific handling characteristics. These include flowable composites (Fig. 13) and packable composites (Fig. 14). Flowable composites are a class of low-viscosity materials that possess particle sizes and particles size distributions similar to those of hybrid composites, but with reduced filler content, which allows the increased amount of resin to decrease the viscosity of the mixture. Because flowable composites were developed with specific handling characteristics in mind, their range of advertised clinical uses is quite varied. Within the range of materials classified as flowable composites, those with lower filler content are intended for uses such as pit-and-fissure sealants or small anterior restorations. Those with higher filler content have been suggested for use in Classes I, II, III, IV, and V restorations, although they are better suited only for very conservative restorative procedures. In general, the mechanical properties of flowable composites are inferior to those of standard hybrid composites.

Packable composites, also referred to as condensable composites, were developed in a direct effort to produce a composite with handling characteristics similar to amalgam, thus the moniker of "packable" or "condensable." These "amalgam alternatives" are intended primarily for Class I and Class II restorations. The distinguishing characteristics of packable composites are less stickiness and higher viscosity (stiffness) than traditional hybrid composites, which allows them to be placed in a manner that somewhat resembles amalgam placement, although they do not truly undergo condensation like amalgam.
The composite itself also affects the light-curing process. Filler particles tend to scatter the light, and darker colorants tend to absorb the light. Therefore it is generally recommended that no more than 1.5- to 2-mm increments be light-cured at a time. Smaller filler particles, in the range of 0.1 to 1 µm, interfere most with the light and maximize scattering. That particle size corresponds to the wavelength range for the photoinitiator used for curing.

Within a composite, the pattern of curing varies as a function of curing tip radius and light penetration depth into the material. The intensity of the tip output generally falls off from the center to the edges. Therefore, bulk curing of composite produces a bullet-shaped curing pattern. It is may lead to inadequate curing in regions such as the proximal box line angles of Class II restorations. The degree-of-conversion (or degree-of-cure) is related to both the intensity of light and duration of exposure. It decreases considerably with depth into a composite material. Restorative materials based on BIS-GMA-like restorative matrices generally can only be converted to 65% because of technical problems with steric hindrance of the reacting molecules. Therefore, 65% would be considered a good degree of conversion. A curing light may only produce a 55% degree of cure at 1 mm into a composite and even less at greater depths.

Clinically, it is impossible to distinguish differences in the degree of cure. One can only detect the start of uncured material. The boundary between somewhat cured and uncured material is called the depth of cure and is often as much as 5 mm for light Vita shades (A2 or A3) of material, in which the tip is close to the composite. However, in cases of poor access or darker shades it is recommended that materials be placed and cured in increments of 1.5 to 2 mm. For the darkest shades, increments should be limited to 1 mm of thickness. Problems of light penetration are only slightly overcome by increasing curing times.

Most light-curing requires a minimum of 20 seconds for adequate curing under optimal conditions of access. To guarantee adequate curing has occurred, it has become common practice to postcure for 20 to 60 seconds. There is some evidence that postcuring (curing again after completion of the recommended curing procedure) may slightly improve the surface layer properties such as wear resistance.
Acrylic resin monomers used in dentistry undergo polymerization in stages named activation, initiation, propagation, and termination. Activation involves the production of free radicals. Initiation is the step in which free radicals react with monomer units to create the initial end of a polymer chain. Propagation is the addition of monomer to the growing chain. Termination is the conclusion of the process as a result of steric hindrance, lack of monomer, or other problems. Light-curing influences the initiation process. Increased light intensity increases the amount of effective activation and the subsequent number of chains started. However, there is a practical point at which it is no longer useful to encourage activation. The stages in polymerization occur quickly already. Activation and initiation occur in less than a second. Early propagation rates are extremely fast (100,000 to 1,000,000 reactions per second). Therefore increased light intensity is useful only to push the degree of conversion to high levels deeper within a material.
However, the amount of unreacted material that remains is still of concern. If the degree of conversion is 65% in systems with difunctional or polyfunctional molecules, then this will include monomer that has at least one site reacted to tie it into the polymer network and some monomer that is totally unreacted. The unreacted materials (free monomers) may diffuse out of the system (fully polymerised restoration) and irritated the pulp..

Rapid polymerization also affects the mechanical properties of the polymer network that is forming. As the first polymerization occurs, only some monomer is consumed and the system is still principally a viscous liquid. During conversion from monomer to polymer, the formation of new monomer-to-monomer bonds causes shrinkage, decreasing the net volume of the system. As long as the system is a liquid, it deforms quickly. However, as the degree of conversion approaches 10% to 20% the network is extensive enough to create a gel. Beyond the gel point, polymerization shrinkage creates strain on the network and the attachment area to the bonding system. Built-in stresses are relieved ultimately but are considered deleterious at the time of curing because of potential effects on restoration marginal wails. To decrease or eliminate this problem, quite a range of altered curing cycles (staged curing) has been explored. There is some evidence that this approach to achieve "soft-start" polymerization works for certain composites cured by specific curing lights, but evidence is also strong that this is not a universal response for all systems.

The original stepped curing system was possible, e. g., with the Elipar Highlight (3M ESPE) in 1997. It produced a 100 mW/cm2 output for 10 seconds, followed by an immediate jump to 600 mW/cm2 output for 30 seconds. The presumption was that lower curing energy allowed the newly forming polymer network to stress-relax and eliminate strains before completion of the curing process. A wide range of soft-start polymerization approaches are possible. Curing cycles may involve variable light intensities and variations in on-and-off periods during the cycle.

Alternatives to the wide range of challenges with light-curing systems are few. One approach is to consider LED technology to generate the appropriate wavelength and curing cycle. This eliminates many of the current equipment problems.
Properties. A summary of the composition, structure, and properties of five composite compositions is provided in Table 4. It should be noted that as the overall filler content increases, the physical, chemical, and mechanical properties generally improve.
Setting time. Composite systems that are chemically activated have setting times ranging from 3 to 5 minutes from the start of mixing. The setting time is determined at die time of manufacture by control of the concentrations of initiator and accelerator. However, studies show that even after a curing time of 24 hours, polymerization is not complete and 25% to 45% of double bonds remain unreacted.

The setting time of light-initiated materials and the depth of cure depend on the intensity and penetration of the light beam. Polymerization is approximately 75% complete at 10 minutes after exposure to blue light, and curing continues for a period of at least 24 hours. At 24 hours, up to 20-30% of double bonds still remain unreacted.
Polymerization shrinkage. The occurrence of shrinkage during polymerization creates stresses (~18 MPa) at the tooth/composite interface that may exceed the strength of any bond between composite and enamel or dentin

Shrinkage is a direct function of the volume fraction of polymer matrix in the composite, and thus occurs to a larger degree in microfine composites than in fine-particle composites or hybrids. Microfine composites typically show setting contractions of 2% to 4% as compared to lower values of 1.0% to 1.7% for fine-particle composites.
Thermal properties. The organic polymer matrix has low thermal conductivity, and composites therefore provide good thermal insulation for the dental pulp. Thermal conductivities of all composites closely match those of enamel and dentin and are much lower than that of dental amalgam.
A physical property of historical concern has been the linear coefficient of thermal expansion LCTE. Tooth structure expands and contracts at a linear rate of approximately 9 to 11 ppm/° С (see Materials Properties). Unfilled acrylics (such as polymethyl methacrylate PMMA) have linear rates of 72 ppm/° C. The linear coefficient of thermal expansion LCTE for composites (28 to 45 ppm/° C) may be almost three to four times greater than that for tooth structure.

Thus, during extreme intraoral temperature changes and times, significant stresses may be generated at the tooth/restoration interfaces where corinposites are micromechanically bonded. If the interfacial bond fails, microleakage may produce unesthetic staining, pulpal sensitivity due to dentinal fluid flow, pulpal irritation due to diffusion of bacterial endotoxins, and/or predisposition toward recurrent caries.

Well-cured composites are very resistant to chemical change. However, most compositions only can be practically cured to levels of 55% to 65% degree of conversion of the reactive monomer sites. During conversion of monomer to polymer, a composite undergoes polymerization shrinkage.
Water sorption and solubility. Water absorption swells the polymer portion of the composite and promotes diffusion and desorption of any unbound monomer. Water and other small molecules can plasticize the composite and chemically degrade the matrix into monomer or other derivatives. Solubility of composite resins ranges from 1.5% to 2.0% of the original material weight.
Wear resistance of composites on occlusal surfaces of posterior restorations has received considerable attention in clinical studies. Mechanisms of wear are associated with failure of composite components. The microfracture theory proposes that high modulus filler particles are compressed onto the adjacent matrix during occlusal loading and this creates microfractures in the weaker matrix. With the passage of time, these microfractures become connected, and surface layers of the composite are exfoliated. Total wear approaching an average limiting value of approximately 8-15 m over approximately 1 year.
Clinical Considerations. Composites are monitored in clinical studies by using United States Public Health Service (USPHS) categories of interest: color matching, interfacial staining, secondary caries, anatomic form (wear), and marginal integrity.
Color matching not only depends on proper initial color match, but also on the relative changes that occur with time. Both the restoration and tooth structure are known to change in color with age. With time, chemical changes in the matrix polymer may cause the composite to appear more yellow. Newer systems that are visible light-cured, contain higher filler contents, and are more resistant to color change.

Another important consideration for esthetics is a gradual transition in color and translucency between the restoration and tooth structure. This goal is accomplished in two ways. Beveling the enamel tends to blend any color difference associated with the margin over approximately 0.5 to 1 mm (depending on the preparation size and requirements for bevel width).
Mechanical properties. The higher compressive and tensile strengths of fine-particle and hybrid composites reflect the higher volume fraction of the high-strength filler component. Note that for all materials compressive strengths are several times higher than tensile strengths, reflecting the somewhat brittle behavior of composites. Composites probably fail under tensile loading. More highly filled composites have tensile strengths near that of dentin, and compressive strengths similar to or higher than that of dentin (Table 4). Some highly filled composites have compressive strengths greater than that of enamel.
Marginal integrity of composites is very good under most circumstances. Clinical appearance is affected by the nature of the margin. Butt joint margins emphasize composite wear more than beveled margins. Butt joint margins of well-bonded restorations wear more slowly and create a meniscus appearance against the enamel. However, as beveled composite margins wear, thinner edges of material are produced that are more prone to fracture.

There are only limited problems of biocompatibility for most composites with the dental pulp. Although the unpolymerized materials are potentially cytotoxic and may even have been classified as carcinogenic, they are very poorly soluble in water and are polymerized into a bound state before there is significant time for dissolution and diffusion. Monomers that do not polymerize may diffuse slowly out of the restoration, but the concentration of released monomer at any given time is so low that the materials do not appear to represent any practical risk.  
BASIC CONCEPTS OF ADHESION
Adhesion. Because the flow of uncured composite is quite limited, most composite manufacturers provide a bonding system. Bonding systems are primarily unfilled acrylic monomer mixtures, similar to the matrix of the composite, that are preplaced onto etched tooth surfaces to form a 1- to 5-m film. It micromechanically interlocks with the etched surfaces, seals the walls of the preparation, and copolymerizes with the composite restorative material that fills the tooth preparation. Dentin and/or enamel bonding systems, or universal bonding systems, may be provided as part of the composite product package.
The American Society for Testing and Materials (ASTM) defines adhesion as "the state in which two surfaces are held together by interfacial forces which may consist of valence forces or interlocking forces or both. The word adhesion comes from the Latin adhaerere ("to stick to"). An adhesive is a material, frequently a viscous fluid, that joins two substrates together and solidifies, and therefore is able to transfer a load from one surface to the other. Adhesion or adhesive strength is the measure of the load-bearing capacity of an adhesive joint. Bonding of resins to tooth structure is a result of four possible mechanisms:

1. Mechanical-penetration of resin and formation of resin tags within the tooth surface

2. Diffusion-precipitation of substances on the tooth surfaces to which resin monomers can bond mechanically or chemically

3. Adsorption-chemical bonding to the inorganic component (hydroxyapatite) or organic components (mainly Type I collagen) of tooth structure

4. A combination of the previous three mechanisms

For good adhesion, close contact must exist between the adhesive and the substrate (enamel or dentin).
Advantages of enamel adhesion
Acid-etching. As measured in the laboratory, bond strengths of composite to phosphoric acid-etched enamel usually exceed 20 MPa. Such bond strengths provide adequate retention for a broad variety of procedures and prevent microleakage around enamel margins of restorations. Adhesive restorations provide other benefits such as cusp reinforcement after tooth preparation. Adhesive restorations substantially reinforce remaining enamel and dentin, making them less susceptible to fracture.

Inspired by the industrial use of 85% phosphoric acid to facilitate adhesion of paints and resins to metallic surfaces, Buonocore envisioned the use of acids to etch enamel for sealing pits and fissures. Since Buonocore's introduction of the acid-etch technique, many dental researchers have attempted to achieve methods for reliable and durable adhesion between resins and tooth structure.

Acid-etching transforms the smooth enamel into a very irregular surface (Fig. 15), and also increases its surface free energy. When a fluid resin-based material is applied to the irregular etched surface, the resin penetrates into the surface, aided by capillary action. Monomers in the material polymerize, and the material becomes interlocked with the enamel surface. The formation of resin microtags within the enamel surface is the fundamental mechanism of adhesion of resin to enamel. Fig. 16 shows a mold of an etched enamel surface visualized through the extensions of resin that penetrated the irregular enamel surface. The acid-etch technique has significantly changed the practice of restorative dentistry.

Beginning with Buonocore's use of 85% phosphoric acid, various concentrations of phosphoric acid have been used to etch enamel. Silverstone found that the application of 30% to 40% phosphoric acid resulted in very retentive enamel surfaces. Concentrations above 40% seem to dissolve less calcium and result in etch patterns with poorer definition than when concentrations below 40% are used. Consequently, most current phosphoric acid gels have concentrations of 30% to 40%, even though some studies using lower concentrations have reported similar adhesion values. An etching time of 60 seconds was originally recommended for permanent enamel using 30% to 40% phosphoric acid.

Other in vitro studies have demonstrated similar bond strengths and microleakage for etching times of 15 and 60 seconds (Fig. 16). Clinically, reduced etching times do not appear to diminish the retention of pit-and-fissure sealants.
Dentin adhesion
The classic concepts of operative dentistry have been challenged in the last two decades by the introduction of new adhesive techniques, first for enamel and then for dentin. Nevertheless, adhesion to dentin still remains difficult. Adhesive materials can interact with dentin in different ways—mechanically, chemically, or both. The importance of micromechanical bonding, similar to what occurs in enamel bonding, has become accepted over the last decade. Researchers now believe that dentin adhesion relies primarily on the penetration of adhesive monomers into the filigree of collagen fibers left exposed by acid etching. The various strategies currently used for bonding to dentin.

Bonding to enamel is a relatively simple process, without major technical requirements or difficulties. Bonding to dentin, on the other hand, presents a much greater challenge. Several factors account for this difference between enamel and dentin bonding. Whereas enamel is a highly mineralized tissue composed of more than 90% (by volume) hydroxyapatite, dentin contains a substantial proportion of water and organic material, primarily Type I collagen. Dentin also contains a dense network of tubules that connect the pulp with the dentin-enamel junction. The tubules are lined by a cuff of hypermineralized dentin called peritubular dentin. The less-mineralized intertubular dentin contains collagen fibrils with the characteristic collagen banding. The intertubular dentin is penetrated by sub-micron channels, which allow the passage of tubular liquid and fibers between neighboring tubules, forming intertubular anastomoses.

Dentin is an intrinsically hydrated tissue, penetrated by a maze of 1 to 2.5 μm diameter fluid-filled dentin tubules. Movement of fluid from the pulp to the dentin-enamel junction is a result of a slight but constant pulpal pressure. Pulpal pressure has a magnitude of 25 to 30 mm Hg or 34 to 40 cm H2O. Dentinal tubules enclose cellular extensions from the odontoblasts and therefore are in direct communication with the pulp.

Whenever tooth structure is prepared with a bur or other instrument, residual organic and inorganic components form a "smear layer" of debris on the surface. The smear layer fills the orifices of dentin tubules forming smear plugs (Fig. 17) and decreases dentin permeability by up to 86%.The composition of the smear layer is basically hydroxyapatite and altered denatured collagen. This altered collagen may even acquire a gelatinized consistency as a result of the friction and heat created by the preparation procedure. Submicron porosity of the smear layer still allows for diffusion of dentinal fluid.

The removal of the smear layer and smear plugs with acidic solutions may result in an increase of the fluid flow onto the exposed dentin surface. This fluid may interfere with adhesion, because hydrophobic resins do not adhere to hydrophilic substrates even if resin tags are formed in the dentin tubules.
There were developed several generation of dentin bonding system.
First and Second Generation. The first- and second-generation bonding agents used during the 1960s and 1970s did not recommend etching the dentin, but instead relied on adhesion to the attached smear layer. The weak bond strength (2 MPa–6 MPa) to the smear layer still allowed dentin leakage with clinical margin stain.
Third Generation. The third-generation systems of the 1980s introduced acid etching of dentin and a separate primer designed to penetrate the dentin tubules as a method to increase bond strength. These systems increased bond strength to dentin (12 MPa–15 MPa) and decreased dentin margin failure. With time, however, margin staining caused clinical failure.

Successful bonding to enamel was achieved with relative case, but the development of predictable bonding to dentin has been more problematic. Only recently have dentin adhesive systems produced laboratory results that approach those of enamel bonding and achieve a predictable level of clinical success. 

There was used the chronologic method of classifying dentin bonding systems: so called the "generational" classification system. Significant advances in adhesive dentistry were made with the development of the multistep dentin adhesive systems in the early-to-mid 1990s. Essential to the enhanced adhesive capacity and responsible for the improved clinical effectiveness of fourth-generation adhesive systems, still in wide use today, is the pretreatment of dentin with conditioners and/or primers that make the heterogeneous and hydrophilic dentin substrate more receptive to bonding. A final step in this relatively complex bonding technique involves the application of a low-viscosity adhesive resin, unfilled or semifilled, that copolymerizes with the primed dentinal surface layer and simultaneously offers bonding receptors for copolymerization with the restorative resin composite. With the multistep application procedure for the fourth-generation adhesives, the term bonding agent was replaced by the term adhesive system.
The fourth-generation adhesive systems based on consideration that smear lear must be removed so that resin can be bonded to the underlying dentin substrate. So, fourth-generation dentin adhesives were introduced for use on acid-etched dentin. Removal of the smear layer via acid-etching has led to significant improvements in the in vitro bond strengths of resins to dentin.

Fourth-generation adhesives, are basically composed of (1) an acid etching gel that is rinsed off; (2) a solution of primers that are reactive hydrophilic monomers in ethanol, acetone, and/or water; and (3) an unfilled or filled fluid bonding agent. The latter generally contains hydrophobic monomers such as bisphenol glycidyl methacrylate (Bis-GMA), frequently combined with hydrophilic molecules such as HEMA.
Conditioning of dentin can be defined as any chemical alteration of the dentinal surface by acids (or, previously, by the calcium chelator EDTA) with the objective of removing the smear layer and simultaneously demineralizing the dentinal surface. The use of the term conditioner found its origin in the early 1990s when the application of acid etchants to dentin, in particular in the United States and Europe, was taboo because of its alleged harmful effects on the underlying pulp. Conditioners are most commonly used as the initial step in the clinical application of total-etch systems and arc therefore applied simultaneously to enamel and dentin following the so-called total-etch technique. Various acids, in varying concentrations, such as citric, maleic, nitric, and phosphoric acids, are supplied with various adhesive systems
Essential to the enhanced adhesive capacity and responsible for the improved clinical effectiveness of fourth-generation adhesive systems, still in wide use today, is the pre-treatment of dentin with conditioners and/or primers that make the heterogeneous and hydrophilic dentin substrate more receptive to bonding. A final step in this relatively complex bonding technique involves the application of a low-viscosity adhesive resin, unfilled or semifilled, that copolymerizes with the primed dentinal surface layer and simultaneously offers bonding receptors for copolymerization with the restorative resin composite. With the multistep application procedure for the fourth-generation adhesives, the term bonding agent was replaced by the term adhesive system.
Primers serve as the actual adhesion-promoting agents and contain hydrophilic monomers dissolved in organic solvents, such as acetone or ethanol. Because of their volatile characteristics, these solvents can displace water from the dentinal surface and the moist collagen network, promoting the infiltration of monomers through the nanospaces of the exposed collagen network. Effective primers contain monomers with hydrophilic proper-tics that have an affinity for the exposed collagen fibril arrangement and hydrophobic properties for copolymerization with the adhesive resin. The objective of this priming step is to transform the hydrophilic dentin surface into a hydrophobic and spongy state that allows the adhesive resin to wet and penetrate the exposed collagen network efficiently.
Application of acid to dentin results in partial or total removal of the smear layer and demineralization of the underlying dentin: acids open the dentin tubules and expose a dense filigree of collagen fibers. When primer and bonding resins are applied to etched dentin, they penetrate the intertubular dentin, forming a resin-dentin interdiffusion zone, or "hybrid layer." They also penetrate and polymerize in the open dentinal tubules, forming resin tags.

Vital dentin is inherently wet; therefore, complete drying of dentin is difficult to achieve clinically. The "wet-bonding" technique prevents the spatial alterations (i.e., collagen collapse) that occur upon drying demineralized dentin (Fig. 18). Such alterations may prevent the monomers from penetrating the labyrinth of nanochannels formed by dissolution of hydroxyapatite crystals between collagen fibers. The use of adhesive systems on moist dentin is made possible by incorporation of the organic solvents acetone or ethanol in the primers or adhesives. Because the solvent can displace water from both the dentin surface and the moist collagen network, it promotes the infiltration of resin monomers throughout the nanospaces of the dense collagen web. The "wet bonding" technique has been shown repeatedly to enhance bond strengths because water preserves the porosity of collagen network available for monomer interdiffusion and forming resin tags in the dentinal tubules (Fig. 19). If the dentin surface is dried with air, the collagen undergoes immediate collapse and prevents resin monomers from penetrating into dentinal tubules.
Bond strengths for these adhesives were in the low- to mid-20 MPa range and signiﬁcantly reduced margin leakage compared to earlier systems. This system was very technique sensitive and required an exacting technique of controlled etching with acid on enamel and dentin, followed by two or more components on both enamel and dentin. Because of the complexity of multiple bottles and steps, dentists began requesting a simpliﬁed adhesive system.
Fifth-generation adhesives. Because of the complexity and number of steps or compounds involved with the fourth-generation systems, researchers and manufacturers have worked to develop simpler adhesive systems. The objective has been to achieve similar or improved bonding and sealing to that provided by the fourth-generation materials, but to do it with fewer "bottles" and/or in less time. That request ushered in the ﬁfth-generation bonding systems, introduced during the mid 1990s, which combined primer and adhesive in one bottle while maintaining high bond strengths. More viscous primers, as provided by the so-called one-bottle adhesives, were developed to combine the priming and bonding function to simplify the bonding technique. Primers may induce denaturation and precipitation of proteins from the dentinal fluid and, consequently, decrease dentinal permeability and outward flow of pulpal fluid, reducing the clinical symptoms of hypersensitivity.
Nearly all dental materials manufacturers now have a "one-bottle" adhesive system available on the market. Most newer adhesives combine hydrophilic and hydrophobic monomers in the same bottle, dissolved in an organic solvent such as ethanol or acetone. These combine the primer and bonding agent steps, but a separate etching step is still needed for the majority of adhesive systems.
Total-etch dentin adhesive systems. Simultaneous application of an acid to enamel and dentin, known as the total-etch technique, is the most common strategy of dentin bonding. Newer adhesive systems (the fourth- and fifth-generation materials) based on the total-etch philosophy have proved successful.
Self-etching dentin adhesive systems. Simultaneous etching of enamel and dentin is the basis for most of the fourth- and fifth-generation dentin-enamel adhesives in use today. In this adhesive system combine the etching, priming and bonding. These adhesive are therefore frequently called "total-etch" systems (sixth-generation adhesives). The first systems based on this philosophy included acidic etchants with a lower concentration than the traditional 30% to 40% phosphoric acid. Some studies have indicated that low-concentration etchants (such as 2.5% nitric, 10% citric, 10% phosphoric, or 10% maleic) are as effective as 30% to 40% phosphoric acid when applied to enamel for 15 seconds.

Following the trend toward simplification two non-rinsing, self-etching materials have been introduced for use with polyacid-modified composites or compomers — Prompt L-Pop (3M ESPE) and NRC Non-Rinse Conditioner (Dentsply). The former is a self-etching adhesive, while the latter is a nonrinsing conditioner combined with a one-bottle adhesive.
A simplified application procedure is also a feature of the smear layer-dissolving adhesives or "self-etching adhesives", which use slightly acidic primers or so-called self-etching primers (see box for self-etching adhesives). These primers partially demineralize the smear layer and the underlying dentin surface without removing the dissolved smear layer remnants or unplugging the tubule orifices.
Sixth generation. The sixth-generation bonding systems introduced in the latter part of the 1990s and the early 2000s—also known as the “self-etching primers”—were a dramatic leap forward in technology. The separate acid-etching step was eliminated by incorporating an acidic primer that was placed on the enamel and the dentin after tooth preparation. Several variations involved either mixing the acidic primer and adhesive before placement on the dentin and enamel, or leaving the primer on the tooth and then placing the adhesive over the primer. These systems were also reported to reduce the incidence of post-treatment sensitivity found in previous systems. However, the bond strength to dentin and enamel is lower than fourth- and ﬁfth-generation systems.
Seventh generation adhesive systems. The latest category, seventh-generation bonding systems, is the “all in one” adhesives that combine etch, prime, and bond in a single solution. This adhesive category was introduced in late 2002. Laboratory studies show bond strengths and margin sealing to be equal to sixth-generation systems. The all-in-one adhesives are user-friendly, and most offer both a bottle and a unit-dose version. There are variations on other attributes depending on the product used. Shear bond strength, a key attribute in dental adhesives, varies considerably depending on the self-etch adhesive used.
Adhesion strategies - a scientific classification of modern adhesives.  The most common classification of adhesives is based on the time of their release on the dental market. Typically, four to five generations are distinguished. However, this classification in generations lacks scientific basis and thus does not allow the adhesives to be categorized on objective criteria. A more logical classification of adhesives would be based on their interaction with the dentinal substrate (smear lear).

Three adhesion strategies, distinguished by how they interact with the smear layer, are currently in use with modern dentin adhesive systems. One strategy aims to modify the smear layer and incorporate it in the bonding process. One- and two-step smear layer-modifying adhesives can be distinguished, as they either provide only an adhesive resin or, successively, a primer and an adhesive resin. The second strategy completely removes the smear layer and concurrently demineralizes the underlying dentinal surface. The systems using this strategy can be further subdivided into two- and three-step smear layer-removing adhesives, depending on whether they have a combined or a separate application of primer and adhesive. The third adhesion strategy is a combination of these two. This system dissolves the smear layer rather than removing it and simultaneously demineralizes the underlying dentinal surface, but only superficially. This category can also be subdivided into one- and two-step smear layer-dissolving adhesives.

Manipulation
Placement. Eugenol inhibits the polymerization of composite resins. Therefore, liners, bases, and interim restorations containing eugenol are not recommended. The use of cavity varnish is not recommended under composite restorations, as monomers present in the composite may solubilize and disrupt the integrity of the varnish film. Also, varnish will prevent bonding.

Following cavity preparation and prior to placement of the composite, a sealing procedure of some type is indicated. If any dentin bonding agent is to be used, the use of a rubber dam is indicated because moisture in exhaled air may interfere with bonding. The dentin is first conditioned according to the manufacturer's directions. Deep preparations may require the placement of a glass ionomer base over the dentin. Very deep cavities require pulpal protection in the form of a thin layer of a calcium hydroxide product on the dentin over the pulp.
Etching. Enamel is etched for 15 to 20 seconds using a 35% to 50% phosphoric acid solution or acid gel. High-viscosity gel etchants have the advantage of ease of control of the application to enamel walls. The preparation is thoroughly washed with water for at least 15 seconds to remove all residue. The surface is gently air-dried, at which point the enamel should have anl opaque, white appearance. Any contamination by saliva after this step requires re-etching in order to I clean the surface thoroughly.

A dentin bonding agent is applied to the clean enamel and dentin according to the manufacturer's directions. The bonding resin should be air-blown gently to ensure a thin film application. Dentin bonding agents work as well on enamel as do enamel bonding agents. While components of bonding systems should not be interchanged, any composite can be used with any bonding agent.

A transparent matrix band is sometimes applied for the purpose of contouring the restoration.
Polymerization. Chemically cured composites have a working time from the start of mixing of 1 to 1.5 minutes and a setting time of 3 to 5 minutes. The mixed material is inserted in one of two ways, depending upon the viscosity of the particular product (Fig. 20). Viscous material is best placed with plastic instruments that do not adhere to the unset material. A small amount of bonding resin on the tip of the plastic instrument will prevent sticking.
Light-activated composites supplied as single pastes and stored in a cool, dry environment is about one year. The composite is best placed in small oblique layers to minimize polymerization shrinkage (Fig. 21). Shrinkage per layer placed is smaller if the tooth/composite bonding area per layer thickness is large. Each layer should be light cured for at least 40 seconds. After curing, a tacky, air-inhibited layer is present, through which the subsequent layer bonds.

Microfine composites require longer exposure times than do fine-particle composites because their colloidal-sized filler particles scatter blue light more efficiently.
Finishing. Placement of composites cannot be accomplished so precisely that adjustments to anatomic contours will not be needed after curing. Typically, the restoration is produced by intentionally overfilling the tooth preparation a small amount. The anatomic contours are accomplished by gross cutting (grinding), fine cutting (finishing), and then smoothing (polishing) the material after polymerization.
Composites are finished and polished in order to establish a functional occlusal relationship and a contour that is physiologically in harmony with supporting tissues. In addition, proper contour and high gloss give the restoration the appearance of a natural tooth structure. Early composites had large, hard quartz particles. Polishing preferentially removed the resin matrix, leaving filler particles exposed and giving the surface a dull appearance. In addition, quartz has a hardness about 2.5 times that of enamel and is difficult to polish compared to glasses, which have hardness characteristics similar to that of enamel.

Particles smaller than about 0.05 pm cannot be detected visually and allow polishing to a high luster. Fine-particle composites have no microfine particles, are considered to be only semi-polishable, and tend to have a rather opaque appearance. The colloidal-sized filler particles of microfine materials scatter light efficiently, giving these restorations a pleasing esthetic appearance. Hybrid composites are polishable, but are not as translucent as microfine composites.

The composite surface may be contoured with a plastic matrix strip, but some gross reduction is often required. Finishing begins with coarse abrasives, such as 9- and 12-bladed finishing burs and fine diamonds, and progresses to 16- and 30-bladed finishing burs, ultrafine diamonds, and medium-grit abrasive points, discs, and strips. Polishing is accomplished with aluminum oxide polishing paste on a rubber cup at low speed.

A postocclusal adjustment cure of 40 seconds further hardens the surface. It is recommended that this step be followed by re-etching and the application and curing of a low-viscosity unfilled resin. The resin penetrates microcracks on the finished surface, further reducing wear.

A properly placed anterior composite restoration has an expected clinical life of 7 to 10 years. Posterior restorations are generally serviceable for less than 5 years. The major reasons for replacing any composite include deterioration of esthetics, interfacial staining, wear, and secondary caries.

CHAPTER 2

DENTAL PATIENTS EXAMINATION 
Diagnosis and treatment planning are common elements in all disciplines of dentistry. In evaluating a patient, the clinician evaluates information from the history and clinical findings; this information may suggest a clinical diagnosis. The purpose of a diagnosis is to determine what problem the patient is having, and why the patient is having that problem. Ultimately, this will directly relate to what treatment, if any, will be necessary.

The process of making a diagnosis can be divided into five stages:
• The patient tells the clinician why the patient is seeking advice.
• The clinician questions the patient about the symptoms and history that led to the visit.
• The clinician performs objective clinical tests.
• The clinician correlates the objective findings with the subjective details and creates a tentative differential diagnosis.
• The clinician formulates a definitive diagnosis.

This information is accumulated by means of an organized and systematic approach that requires considerable clinical judgment. Questioning, listening, testing, interpreting, and finally answering the ultimate question of why will lead to an accurate diagnosis and in turn result in a more successful treatment plan.

An initial historical proﬁle should identify the patient; establish the chief complaint; reﬂect the dental history; document drug allergies or other adverse drug effects; identify medications, vitamins, dietary supplements, or special diets; and provide a record of past and present illness, major hospitalizations, and a review of major organ systems. The historical proﬁle shall be reviewed with the patient at each subsequent appointment and any new information obtained should be documented in the progress notes.
Patient Identiﬁcation.  The basic biographical data should include the patient’s name, age, sex, ethnic extraction, marital status, occupation, and place of residence. The date of the evaluation also must be recorded. Not only are these items essential for patient identiﬁcation but also they may provide invaluable background information for the differential diagnosis of certain conditions, or identify patients in a high - risk category for a variety of diseases.
Chief Complaint
Upon arrival for a dental consultation, the patient should complete a thorough registration that includes information pertaining to medical and dental history. This should be signed and dated by the patient, as well as initialed by the clinician as verification that all of the submitted information has been reviewed
The clinician may find dental pathosis, but it may not be the pathologic condition that mediates the patient’s chief complaint. Investigating these complaints may indicate that the patient’s concerns are secondary to a medical condition or possibly a result of recent dental treatment. Occasionally, the chief complaint is simply that another clinician correctly or incorrectly advised the patient that he or she had a dental problem, with the patient not necessarily having any symptoms. Therefore, the clinician must pay close attention to the actual expressed complaint, determine the chronology of events that led up to this complaint, and question the patient as to any other pertinent issues, including medical and dental history. For future reference and in order to ascertain a correct diagnosis, the patient’s chief complaint should be properly documented, using the patient’s own words.
Character of the Symptoms. The most common complaint causing a person to seek the services of a healthcare provider is pain. Determine its character. Is it sharp or dull? Is it pain or is it merely discomfort? Does it appear suddenly and disappear quickly, or does it gradually increase in intensity and subside slowly? A lesion should be inspected. Is it white, red, pigmented, ulcerative, vesicular, bullous, exophytic, or a combination of these various characteristics? Admittedly, this observation is part of the examination, not the history, but there are at least two good reasons for doing it at this point in time. First, it establishes the dentist’s concern for the patient’s problems, and second, it may suggest additional questions to be asked during the history - taking process.
Medical History
A fundamental principle in establishing a diagnosis is gathering information relevant to the disease process. The clinician must complete the database before beginning the interpretive and decision making process. The database begins with the patient's medical history.

Obtaining a comprehensive written medical history is mandatory and should precede the examination and treatment of all patients. The medical history provides information regarding the patient's overall health and susceptibility to disease and indicates the potential for adverse reactions to treatment procedures. Information regarding current medications, allergies, and diseases, as well as the patient's emotional and psychologic status, can be assessed as it relates to the clinical problem. This information is important in diagnosis because the patient may have a systemic disease with oral manifestations. Moreover, a systemic disease may present initially as an oral lesion.

The clinician is responsible for taking a proper medical history from every patient who presents for treatment. It is imperative that vital signs be gathered at each treatment visit for any patient with a history of major medical problems. The temperature of patients presenting with subjective fever or any signs or symptoms of a dental infection should be taken.

The clinician should evaluate a patient’s response to the health questionnaire from two perspectives: (1) those medical conditions and current medications that will necessitate altering the manner in which dental care will be provided and (2) those medical conditions that may have oral manifestations or mimic dental pathosis.

Patients with the following medical conditions may require either a modification in the manner in which the dental care will be delivered or a modification in the dental treatment plan: cardiovascular, gastrointestinal, haematologic, neurologic and other diseases.

Several medical conditions have oral manifestations, which must be carefully considered when attempting to arrive at an accurate dental diagnosis. Many of the oral soft tissue changes that occur are more related to the medications used to treat the medical condition than the medical condition itself.

If at the completion of a thorough dental examination, the subjective, objective, clinical testing, and radiographic findings do not result in a diagnosis with an obvious dental etiology, then consideration must be given that an existing medical problem could be the true etiology. In such instances a consultation with the patient’s physician is always appropriate.
Dental History
The taking of a dental history allows the clinician to build rapport with the patient and is often more important than the examination and testing procedures. The dental history almost always contributes to the establishment of a diagnosis.

The dental history should include the chief complaint and a history of the present illness if the patient has signs and/or symptoms of disease. The clinician should question the patient regarding the inception, location, type, frequency, intensity, duration, and cause of any pain or discomfort to develop a differential and definitive diagnosis. The process of information gathering may provide the clinician with a tentative diagnosis and guide the examination and testing process.

Pain is a complex physiologic and psychologic phenomenon and often cannot be used to differentiate endodontic problems from non-endodontic pathosis. Identifying the source of a patient's pain may be routine or complex. Inflammation and pain in the dental pulp are often difficult to localize and may be referred to a tooth in the opposing quadrant or to the preauricular region. A history of previous pain from a symptomatic tooth is also an important finding.

The chronology of events that lead up to the chief complaint is recorded as the dental history. This information will help guide the clinician as to which diagnostic tests are to be performed. The history should include any past and present symptoms, as well as any procedures or trauma that might have evoked the chief complaint. Proper documentation is imperative. It may be helpful to use a premade form to record the pertinent information obtained during the dental history interview and diagnostic examination.

The dialogue between the patient and the clinician should encompass all of the details pertinent to the events that led up to the chief complaint. The conversation should be directed by the clinician in order to produce a clear and concise narrative that chronologically depicts all of the necessary information about the patient’s symptoms and the development of these symptoms.

After starting the interview and determining the nature of the chief complaint, the clinician continues the conversation by documenting the sequence of events that promulgated the request for an evaluation. The dental history is divided into five basic directions of questioning: localization, commencement, intensity, provocation, and duration of the pain.

With the dental history interview complete, the clinician has a better understanding of the patient’s chief complaint and can concentrate on making an objective diagnostic evaluation, although the subjective (and artistic) phase of making a diagnosis is not yet complete and will continue after the more objective testing and scientific phase of the investigatory process.
Anamnesis morbi. A number of questions should be considered. How long has the condition associated with the patient’s chief complaint been present? Has the problem developed slowly or rapidly? Some conditions have a sudden onset, but others begin slowly and insidiously. Have the symptoms become worse or better? Are they better at times and worse at other times?

The oral healthcare provider should document a history of allergic drug reactions and other adverse drug effects and investigate whether drugs or medications are being taken. Many patients habitually take drugs for minor complaints, a practice that should be documented carefully. Patients often do not recognize nonprescription medications as drugs and, therefore, do not mention the habitual use of aspirin, decongestants, antihistamines, vitamins, and many other over - the - counter medications. Inquire about dietary supplements or special diets the patient may be on. Immunosuppressant therapy may place a patient in the high - risk category for many viral, fungal, and bacterial infections and de novo malignancies.
Anamnesis Vitae. Family History. The dentist should inquire about the patient’s general health, as perceived by the patient, and summarize past and present medical conditions. A clinician must record any hereditary or developmental abnormalities. Previous operations, injuries, accidents, and hospitalizations should be recorded, as well as comments about anaesthesia, drug reactions, blood transfusions, or transmissible diseases.

In addition to hereditary conditions, acquired infectious diseases may be transmitted from one family member to another, some requiring only casual contact, while others are transmitted only through repeated, intimate encounters (sometimes associated with child abuse).

The personal habits of patients may reveal important clues to diagnosis. Excessive use of tobacco and alcohol may produce symptoms, whose signiﬁcance is lost without knowledge of a patient’s smoking and drinking habits.

Information about educational, social, religious, and economic background and feelings of achievement or frustration can provide important insight into understanding the patient as a person.
Review of Organ Systems. The chief complaint and the medical, family, and social histories of the patient should guide the clinician to investigate areas of special concern. All signs and symptoms related to speciﬁc organ systems should be recorded. The status of organ systems may suggest the presence of concomitant systemic conditions, contribute to the diagnostic process, and inﬂuence projected treatment protocols and prognosis.

Extraoral Examination
Basic diagnostic protocol suggests that a clinician observe patients as they enter the operatory. Signs of physical limitations may be present, as well as signs of facial asymmetries that result from facial swelling. Visual and palpation examinations of the face and neck are warranted to determine whether swelling is present.

Palpation allows the clinician to determine whether the swelling is localized or diffuse, firm or fluctuant. These latter findings will play a significant role in determining the appropriate treatment. Extraoral facial swelling of odontogenic origin typically is the result of endodontic etiology because diffuse facial swelling resulting from a periodontal abscess is rare. Swellings of non-odontogenic origin must always be considered in the differential diagnosis especially if an obvious dental etiology is not found.

Sinus tracts of odontogenic origin may also open through the skin of the face. These openings in the skin will generally close once the offending tooth is treated and healing occurs. A scar is more likely to be visible on the skin surface in the area of the sinus tract stoma than on the oral mucosal tissues. The term fistula is often inappropriately used to describe this type of drainage. The fistula, by definition, is actually an abnormal communication between two internal organs or a pathway between two epithelium-lined surfaces.

The extraoral examination may give the clinician insight as to which intraoral areas may need a more focused evaluation. Extraoral swelling, localized lymphadenopathy, or an extraoral sinus tract should provoke a more detailed assessment of related and proximal intraoral structures.

Palpation of the cervical and submandibular lymph nodes is an integral part of the examination protocol. If the nodes are found to be firm and tender along with facial swelling and an elevated temperature, there is a high probability that an infection is present.
Intraoral Examination
Visual inspection of the soft tissues should include an assessment of color, contour, and consistency. Localized redness, edema, swelling, or a sinus tract can indicate inflammatory disease. Examination of the hard structures may reveal clinical findings such as developmental defects, caries, abrasion, attrition, erosion, defective restorations, fractured cusps, cracked teeth, and tooth discoloration.

Intraoral swellings should be visualized and palpated to determine whether they are diffuse or localized and whether they are firm or fluctuant. These swellings may be present in the attached gingiva, alveolar mucosa, mucobuccal fold, palate, or sublingual tissues. Other testing methods are required to determine whether the etiology is endodontic, periodontics, or a combination of these two or whether it is of a nonodontogenic origin.
Examination of the Oral Cavity
Dentists should have a special interest in the physical examination of the oral cavity since the mouth is the anatomical area of the body for which they are the ultimate authority. Therefore, the organization of this section is more detailed and provides greater emphasis on possible ﬁndings and interpretation of data. Basic instrumentation for the oral examination includes a good light source, a mouth mirror, an explorer, a periodontal probe, dry gauze sponges, and an air syringe. The need for specialized instrumentation and additional diagnostic procedures will vary with the ﬁndings and differential diagnoses developed.
Examine the Teeth. Note the number, size, shape and color of teeth, There are such terminology employed in the literature around caries diagnosis (which should imply a human professional summation of all available data), lesion detection (which implies some objective method of determining whether or not disease is present) and lesion assessment (which aims to characterise or monitor a lesion, once it has been detected.

Direct Dentin Stimulation. This is probably the most accurate and, in many cases, the best pulp vitality test. Exposed dentin may be scratched with an explorer; however, the absence of a response is not as indicative as the presence of a response. Caries are probed deeply with an explorer to non-carious dentin, sudden, sharp sensation indicates that the pulp contains vital tissue.
Visual-tactile examination. Visual changes of the dental structure resulting from the demineralization process can be visually observed during caries development, such as an increase in opacity and roughness of the enamel. Visual examination has been widely used in dental clinics for detecting carious lesions on all surfaces. This method is based on the use of a dental mirror, a sharp probe and a 3-in-1 syringe and requires good lighting and a clean/dry tooth surface (Fig. 22). The examination is based primarily on subjective interpretation of surface characteristics, such as integrity, texture, translucency/opacity, location and color. However, tactile examination of dental caries has been criticized because of the possibility of transferring cariogenic microorganisms from one site to another, leading to the fear of further spread of the disease in the same oral cavity. Moreover, use of an explorer can cause irreversible damages to the iatrogenic and demineralized tooth structure.
Visual and tactile methods typically go hand in hand, because most dentists use dental probes and other tools to examine teeth during the clinical examination. The first visual indication of caries in enamel is generally small white lesions, where demineralization has occurred under the dental plaque. However, greyish lesions also can be seen at the level of dentin, and in more advanced stages, caries can appear as open cavities on enamel, dentin layers, or all the way to the pulp.

Other tools used in visual–tactile examination may include magnifying devices to look at teeth, or orthodontic elastic separators to separate teeth over the course of 2 to 3 days for a closer look between teeth prone to caries lesions. Fiber-optic transillumination is also sometimes used.  This is a method by which visible light is emitted through the tooth using an intense light source.  If the transmitted light reveals a shadow, this may indicate a carious lesion.
Vision aids: Combination visual inspection of lesions with binocular magnification, radiographs and probes. All combinations shared the low sensitivity whilst the combination of bitewing radiographs and visual inspection significantly improved the sensitivity.
The traditional method of detecting caries signs is by visual inspection of dental surfaces, with the aid of a bright light and dental mirror if necessary to see teeth from all angles. Reflecting light onto the mouth mirror also can be done to search for dark shadows that could indicate dentin lesions.

The coronal carious lesion starts as a clinically undetectable subsurface demineralization. With further progression, it will (eventually) become clinically detectable, and then can, be classified according to type, localization, size, depth, and shape. The visual method, a combination of light, mirror, and the probe for detailed examination of every tooth surface, is by far the most commonly applied method in general practice worldwide.
Probing. The probe didn’t add to the sensitivity of vision, and even decreased the sensitivity of visual diagnosis (0.6 versus 0.65). In an in vitro validation study of the sharp probe to detect fissure caries, sensitivities were found for caries stages at initial and deep stages. Clinical examination was quite variable between practitioners owing to the size and shape of the explorer tip, the force applied, and the judgment of the examiner.
This examination uses a fine, pointed probe to test for surface defects in the enamel. If the probe remains stuck when probing the fissures, this is a sure sign of dentin softening.

While the use of a dental probe continues to be controversial, it is extremely helpful when used correctly and judiciously. A dental probe can be used to remove plaque that may be covering, and when the blunt side of the probe is used, it can help remove biofilm to check for signs of demineralization and to assess the surface roughness of a lesion.  Studies show that gentle probing does not disrupt the surface integrity of non-cavitated lesions, while vigorous poking can cause irreversible damage to the surface of a developing lesion. A probe is unnecessary if visual inspection detects a cavity. During a visual–tactile examination, the dentist will also use a syringe or drying tool to blast air on to the tooth, which makes it easier to see some lesions.
If in doubt, or to confirm the visual assessment, the probe can be used gently across a tooth surface to confirm the presence of a cavity apparently confined to the enamel. This is achieved by sliding the ball end along the suspect pit or fissure and a limited discontinuity is detected if the ball drops into the surface of the enamel cavity/discontinuity.
The same dragging motion used to clean the fissure using a blunt probe conveys to the dentist information about the surface roughness around the walls of lesions and an idea if the base is soft or hard. Further results had showed arrested lesions became smooth and lost surface frostiness especially with regard to root caries.

In cavitated lesions, the information, which could be gained, is enormous. The highest increase in the tools performances was noticed for the probe in cavitated lesions. Even for non-cavitated, the probe is still accepted for the removal of plaque from the fissures that might obscure cavities and to improve the access of direct vision. Care must be applied whilst using the probe not to produce damage by disrupting the continuity of the surface. Probing of root caries lesions with a sharp explorer using controlled, modest pressure, however, may create surface defects that prevent complete remineralization of the lesion.

The technique of temporary elective tooth separation as an aid to diagnosis of caries in proximal smooth surfaces is now regaining popularity, albeit with less traumatic methods that seem acceptable to most patients and dentists. This method permits a more definite assessment of whether radiographically detectable proximal enamel lesion.
Tooth separation can be used as a method for examination of a suspicious area on the approximal surface. With this technique an orthodontic elastic separator can be applied for 2-3 days around the contact areas of approximal surfaces, facilitating the clinical and probing assessments. However, this method might create some discomfort and requires an extra visit. Studies have shown that tooth separation have detected more non-cavitated enamel lesions than visual-tactile examination without separation or bitewing examination.
The presence of cavitation (loss of surface integrity) associated with a root caries lesion does not necessarily imply lesion activity.  Non-cavitated (early) root caries lesions almost universally are considered to be active.  A cavitated lesion, however, may be either active or arrested. Lesion activity has been linked to lesion depth, but this clinical observation has not been verified.

The texture of a root caries lesion also has been linked to lesion activity.  Active lesions have been described as soft or leathery compared to arrested lesions that have a hard texture.  There is supporting laboratory evidence from a study that used microbiological indicators for lesion activity that "soft" or "leathery" lesions on root surfaces are more heavily infected with bacteria than are "hard" root surfaces.

Given the paucity and generally low level of the scientific evidence, the ICDAS Coordinating Committee, recommends that the following clinical criteria be used for the detection and classification of root caries:

1.
Color (light /dark brown, black);

2. Texture (smooth, rough);

3. Appearance (shiny or glossy, matte or non-glossy);

4.
Perception on gentle probing (soft, leathery, hard);

5.
Cavitation (loss of anatomical contour);

Additionally, the outline of the lesion and its location on the root surface are useful in detecting root caries lesions. Root caries appears as a distinct, clearly demarcated circular or linear discoloration at the cementoenamel junction (CEJ) or wholly on the root surface. 

The color of the lesion can also be used to make the distinction between arrested and active, with arrested lesions acquiring internal brown pigmentation and surface stain, while active lesions retain their white appearance.
Visible Plaque
The presence of plaque on the labial surfaces of the front teeth of toddlers (1–2 years) has been tested as a predictor of the development of caries lesions during the following 2–3 years, but the accuracy is poor (sensitivity 26%, specificity 88%). Children aged 1–3 years who brush their teeth with fluoride toothpaste at least once a day have a greater chance of remaining free of caries at age 3 than those with poor oral hygiene. However, as only one study on this topic was included, it is not possible to draw any conclusions about the frequency of toothbrushing as a predictor.
Sensitivity test
A further diagnostic aid is a sensitivity test. The detection of increased dental sensitivity can be an indication of hidden caries. The simplest way to perform this test is with cold spray, during which cotton wool is sprayed with a special, rapidly evaporating agent. Stronger pain can be triggered especially in teeth with acute pulpitis but also in teeth with broad pulpal cavities (e.g., in young people). A further option is electrical pulpal irritation with special devices. If sensitivity cannot be triggered, this indicates a devital tooth.
Direct dentinal stimulation (test cavity). The test cavity is an invasive procedure that is often used to ensure that a negative response to previous pulp tests was accurate. Because this test is invasive and requires removal of tooth structure and/or restorative materials, it is used primarily to exclude false negative results. The test can be used in clinical cases in which a tooth does not respond to cold testing and EPT but lacks a distinct etiology for necrosis. In such cases direct dentinal stimulation can be used to reveal necrosis or establish vitality.

Direct dentinal stimulation involves removing enamel or restorative materials using a high-speed handpiece without local anaesthesia. If the tooth is vital, the patient will experience a sharp, painful response when dentin is reached. Clinicians must caution patients that they will feel the sensations of vibration and pressure so that they can interpret the test correctly.
Pulp Tests
Pulp testing involves attempting to make a determination of the responsiveness of pulpal sensory neurons. The tests involve thermal or electrical stimulation of a tooth in order to obtain a subjective response from the patient (i.e., to determine whether the pulpal nerves are functional), or the tests may involve a more objective approach using devices that objectively detect the integrity of the pulpal vasculature.
Pulp testing. Pulp tests are an assessment of the patient's response to stimuli and as such are subjective. They are designed to assess responsiveness and localize symptomatic teeth by reproducing the patient's symptoms. A positive response to pulp testing does not indicate vitality, only sensory perception of the stimuli. Pulp testing is essential in establishing a clinical diagnosis. Testing ensures the identification of the offending tooth or teeth and is part of the methodology in the differential diagnosis of diseases of nonodontogenic origin. Electrical and thermal testing procedures have been shown to produce reliable results.
Thermal testing. Thermal sensitivity is a common chief complaint in pulp pathosis. Testing with hot and cold identifies the tooth and is instrumental in determining whether the pulp is normal or inflamed.

Various methods and materials have been used to test the pulp’s response to thermal stimuli. Heat testing is most useful when a patient’s chief complaint is intense dental pain on contact with any hot liquid or food. When a patient is unable to identify which tooth is sensitive, a heat test is appropriate. An irrigating syringe is filled with a liquid (most commonly plain water) that has a temperature similar to that which would cause the painful sensation. The liquid is then expressed from the syringe onto the isolated tooth to determine whether the response is normal or abnormal. Another method for heat testing is to apply heated gutta-percha or compound stick to the surface of the tooth.

Cold testing is usually performed first. Carbon dioxide, or CO2, ethyl chloride, dichlorodifluoromethane, and ice sticks are frequently used to apply cold to teeth. These tests have been shown to be safe and do not cause damage to the pulp or enamel. Patients should be advised of the testing method and expected sensations. The testing should begin on a normal "control" tooth (usually of the same tooth group or type) to educate the patient regarding what to expect from the test, determine whether the test will provoke a response (validating the use of the test), and allow the clinician to observe the patient's reaction to the stimulus (Fig. 23, A).

Thermal testing with heat is indicated when a patient complains of sensitivity to hot food or liquids. It is performed by applying petroleum jelly to the tooth surface and heating a stick of gutta-percha temporary stopping in an open flame (Fig. 23, B). As the temporary stopping begins to soften, the clinician applies it to the lubricated tooth surface. A more effective method of heat testing involves isolating individual teeth with a rubber dam and flooding the tooth with hot water. This method permits the application of a uniform temperature to each tooth and replicates the patient's normal activities.
Tooth mobility can be assessed by moving the tooth in a facial or buccal-lingual direction. Mobility can be assessed by placing an index finger on the lingual surface and applying lateral force with an instrument handle from the buccal surface. The Miller Index of Tooth Mobility is commonly used to interpret the clinical findings. Class 1 is the first distinguishable sign of greater-than-normal movement, Class 2 is movement of the crown as much as 1 mm in any direction, and Class 3 is movement of the crown more than 1 mm in any direction and/or vertical depression or rotation of the crown in its socket. Common causes of tooth mobility include periodontal disease, bruxism, clenching, traumatic occlusion, improper partial denture design, root fractures, and periradicular inflammation caused by pulp necrosis.
Percussion
Referring back to the patient’s chief complaint may indicate the importance of percussion testing for this particular case. If the patient is experiencing acute sensitivity or pain on mastication, this response can typically be duplicated by individually percussing the teeth, which often isolates the symptoms to a particular tooth. Pain to percussion does not indicate that the tooth is vital or nonvital, but is rather an indication of inflammation in the periodontal ligament (i.e., symptomatic apical periodontitis). Once the disease state extends into the periodontal ligament space, the pain may become more localized for the patient; therefore the affected tooth will be more identifiable with percussion and mastication testing.

The contralateral tooth should first be tested as a control, as well as several adjacent teeth that are certain to respond normally. The clinician should advise the patient that the sensation from this tooth is normal and ask to be advised of any tenderness or pain from subsequent teeth. The testing should initially be done gently, with light pressure being applied digitally with a gloved finger-tapping. If the patient cannot detect any significant difference between any of the teeth, the test should be repeated using the blunt end of an instrument, like the back end of a mirror handle. Firstly the occlusal aspect of the teeth should be percussed, and if the patient discerns no difference, the test should be repeated, percussing the buccal and lingual aspects of the teeth. For any heightened responses, the test should be repeated as necessary to determine that it is accurate and reproducible, and the information should be documented.

As pulp pathosis extends beyond the tooth into the supporting periodontal tissues and surrounding bone, the patient's ability to localize the offending tooth increases. Proprioceptive fibers in the periodontal ligament are stimulated by force applied to the tooth and produce localized discomfort. Percussion is performed by applying force on the incisal or occlusal surface in an axial direction (Fig. 24). This can be accomplished using digital pressure, tapping on the tooth with an instrument handle, or having the patient bite on a Tooth Slooth.
Soft Tissue Examination
As with any dental examination, there should be a routine evaluation of the intraoral soft tissues. The gingiva and mucosa should be dried, either with an air syringe or a 2 × 2-in. gauze pad. By retracting the tongue and cheek, all of the soft tissue should be examined for any abnormalities in color or texture. Any raised lesions or ulcerations should be documented and, when necessary, evaluated with a biopsy or referral. Severe infections involving the maxillary and mandibular molars can extend into the parapharyngeal space, resulting in intraoral swelling of the tonsillar and pharyngeal areas.
Palpation
In the course of the soft tissue examination, the alveolar hard tissues should also be palpated. Emphasis should be placed on detecting any soft tissue swelling or bony expansion, especially noting how it compares with and relates to the adjacent and contralateral tissues. In addition to objective findings, the clinician should question the patient about any areas that feel unusually sensitive during this palpation part of the examination (Fig. 25).

As periradicular inflammation extends through the cortical bone into the soft tissues, it can frequently be detected by digital palpation of the soft tissues over the apex of the root. When the mucoperiosteum is inflamed, the clinician will detect sensitivity in the involved area. As the inflammatory process progresses the operator may detect swelling of the soft tissues. The clinician should note the consistency of any swelling because not all swelling is the result of inflammatory disease. Palpation is not restricted to intraoral tissues. For example, palpation of extraoral structures can reveal lymphadenopathy (Fig. 25).
Radiographic Examination
Diagnostic radiography is an integral part of the clinical process. It is predicated on a careful correlation of patient history and clinical ﬁndings. Radiographs should be ordered in those instances in which the clinician anticipates that the expected obtained will contribute materially to the proper diagnosis, treatment, and prevention of disease (Fig. 26).

The standard x-ray image in caries diagnostics is an imaging of the bite wing or of the individual tooth. This is done to search specifically for caries near the contact points between the teeth (approximal caries) and dentin caries created in the depth of the fissures.

For standard two-dimensional radiography, clinicians basically project x-radiation through an object and capture the image on a recording medium—either x-ray film or a digital sensor.

On an x-ray image, caries appears as a dark spot. X-rays are less absorbed in dental areas with mineral loss or defects and thus blacken the film. 

Radiographic examination of the hard tissues can often provide valuable information regarding caries and existing restorations, calcifications, internal and external resorptions, tooth and pulpal morphology, root fractures, the relationship of anatomic structures, and the architecture of the osseous tissues.

In general, when endodontic pathosis appears radiographically, it appears as bone loss in the area of the periapex. The infection in the pulpal space transgresses through the pulp canal space and into the adjacent alveolar bone. The pathosis may present merely as a widening or break in the lamina dura—the most consistent radiographic finding when a tooth is nonvital—or it may present as a radiolucent area at the apex of the root or in the alveolar bone adjacent to the exit of a lateral or furcation canal.
Bitewing Radiography – The process of creating radiograph images of the posterior teeth, with the specific objective of identifying carious lesions on the proximal surfaces that may be inaccessible to visual and tactile examination.  Less mineralized tissues permit more x-rays to pass through (radiolucency) and therefore create greater levels of exposure to radiographic film or a digital transducer.

The viewing of a digital radiographic image on a high-resolution monitor allows for rapid and easy interpretation for both the clinician and the patient. The image appears almost instantly, with no potential for image distortion from improper chemical processing, because there is none. The clinician can zoom in to different areas on the x-ray image, digitally enhance the image in order to better visualize certain anatomic structures, and in some cases the image can even be colorized, a useful tool for patient education.

Diagnostic Methods Based on Light
These include:

· One diagnostic aid in the anterior tooth area is the transillumination of contact points between incisors. A polymerisation lamp can be used as a light source. In contrast to healthy enamel, caries will appear darker.
· Transillumination/dye staining. The use of a fiber-optic light is an excellent method of examining teeth for coronal cracks and vertical root fractures. The tooth or root should be examined in the presence of minimal background lighting. The fiberoptic light is then placed on the varied surfaces of the coronal tooth structure or on the root after flap reflection. Fracture lines can be visually detected when light fails to traverse the fracture line. The fractured segment near the light appears brighter than the segment away from the light.
Application of dyes to the tooth can also demonstrate fractures as the dye penetrates the fracture line. An ancillary technique is the application of dye to the internal surfaces of a cavity preparation or access opening; the clinician leaves the dye in place for a week before re-examining the tooth.
· Laser light-induced fluorescence, based on the phenomenon that caries lesions, plaque, and microorganisms all contain fluorescent substances that can be distinguished from each other and the autofluorescence of enamel and dentin. The LF method measured the fluorescence of the tooth that was induced after light irradiation to discriminate between carious and sound enamel. It was accepted that the induced fluorescence of enamel was lower in areas of reduced mineral content, and that there was a relationship between mineral loss and the radiance of the fluorescence.
· Quantitative laser-light induced fluorescence, which can quantitatively detect the difference in fluorescence between sound tissue and that of a caries lesion. The term quantitative laser fluorescence (QLF) had been applied to the research method of measuring induced tooth fluorescence after using laser light generally at or near the 488 nm range to quantify tooth demineralisation and lesion severity.
· DIAGNOdent, which uses red light to induce fluorescence and handy tools/probes, such as the DIAGNOdentpen, which can fit into smaller spaces and fissures in occlusal and approximal surfaces of teeth to capture differences in fluorescence that could indicate a lesion. This is a commercial battery-powered quantitative diode laser fluorescence device. A fibre optic bundle directed onto the occlusal surface of a tooth produced light at 655-nm wavelength. A laser probe was designed for the occlusal surface to scan over the fissure area in a sweeping motion. The device displayed two values, the moment value for the probe position and a peak value recorded from the whole surface.
· Fiber-optic transillumination (FOTI) and the more sensitive digital imaging fiber-optic transillumination (DIFOTI), which are qualitative diagnostic methods by which teeth are transilluminated to detect shadows, which has been associated with the presence of carious lesions. The technique depended on the fact that carious enamel had a lower index of light transmission than sound enamel.
Methods Based on Electrical Current
These include electrical conductance and electrical impedance. With the understanding that dentin is more conductive than enamel, and that porous (lesioned) enamel is more conductive than sound enamel, measuring the electrical conductance of the tooth can detect demineralized sites in enamel, sites that have become porous (indicating a lesion), and cavities. Carious enamel and dentine are more porous than sound tooth tissue and because they are filled with ion containing saliva fluids, they are less resistant to a small electric current Also, with the knowledge that every material has different electrical impedance determined by its molecular composition, it is possible to detect carious lesions because they have a lower electrical impedance than sound tissue. The DIAGNOdent tends to be used in some practices as a second opinion during the diagnostic process on occlusal surfaces. This was the principle behind the invention of an indirect way to measure the progression and activity of carious lesions, the ECM (Electric Caries Monitor).

There were variations between the different studies because of the numerous different devices used and the number of altering factors, which could be standardised. An alternating fixed frequency current was used to monitor the behaviour of a suspect tooth spot after controlled drying conditions. Consequently, the resistance was determined only by the tooth volume, avoiding electrical leakage of the current through the low resistant surface fluid (saliva) film to the gingival margin. A probe was placed on a point in the occlusal surface (site-specific) and a connector was held in the hand of the subject or touching the gingiva.
A modified AC Ohmmeter. This device indicated the real component of the impedance (kilo ohm) and employed an alternating current of a frequency of 500Hz and amplitude of about 1μA. The clinical device was modified to use a measuring electrode, which consisted of a dental explorer with a point-shaped tip (0.1mm in diameter). The grip was isolated with Teflon, leaving the tip uncovered at a length of 3mm. The second electrode was a metal sheet (2cm X 6cm), placed on the cheek mucosa, contra lateral to the tooth to be measured. Electrodes were connected to the Ohmmeter by cables.
Based on the differences in the electrical conductance of carious and sound enamel, two instruments were developed and tested in the 1980. The Vanguard Electronic Caries Detector (Massachusetts Manufacturing Corp., InterLeuven laan, Cambridge, MA) and the Caries Meter L (G-C International Corp., Leuven, Belgium). Both instruments measure the electrical conductance between the tip of a probe placed in the fissure and a connector attached to an area of high conductivity (e.g. gingiva or skin).
Electric pulp testing. The electric pulp test (EPT) indicates only whether the pulp is responsive or unresponsive (Fig. 27). It does not provide information regarding the health of the pulp, nor can it differentiate degrees of pulp pathosis other than to indicate necrosis when no response occurs. It is often used to confirm the results of previous tests. The EPT requires an isolated dry field. Traditionally the electrode is coated with a conducting medium, usually toothpaste, and placed on the dry enamel labial or buccal surface of the tooth to be tested. Evidence indicates that the incisal edge is the optimal placement site for the electric pulp tester electrode to determine the lowest response threshold. Contact with metallic restorations is to be avoided. The Analytical Technology (Analytic Endodontics, Sybron Dental Specialties, Orange, CA) pulp tester is recommended because it begins at zero current and increases the current gradually at a rate predetermined by the operator. Patients are instructed to place a hand on the metal handle to begin the test and release the handle when they perceive a tingling sensation to stop the test. Having control of the test is reassuring to the patient. As with other tests, the clinician should test a normal tooth first to familiarize the patient with the procedure and sensation.
Laboratory Methods
In physical evaluation, clinical laboratory procedures may provide the ﬁnal clue essential to conﬁrm a diagnosis. They may also lead to the early detection of disorders with vague signs and symptoms, contribute to the discovery of signiﬁcantly unexpected conditions, or provide a baseline against which response to or the safety of a therapeutic intervention may be measured. Consequently, in some situations, clinical laboratory information may be essential prior to the initiation of therapy. In other instances, it may be an important component of a diagnostic or therapeutic follow - up evaluation. Prior to ordering laboratory procedures, the clinician should elicit a careful medical history, perform a thorough physical examination, evaluate radiographic studies, and then request the tests from the laboratory that are most likely to either conﬁrm or exclude the provisional diagnosis.
Mutans Streptococci in Saliva
In toddlers (1–2 years) the presence of mutans streptococci as the sole predictor for caries during the following 2–3 years had low accuracy (either low sensitivity combined with high specificity, or vice versa).
Salivary Lactobacillus Count
In a large number of studies on both toddlers and preschool children, the presence of lactobacilli in saliva has been tested as the sole predictor or in models. The accuracy in predicting the development of caries lesions is low.

CHAPTER 3

NON-CARIOUS LESIONS
Tooth surface loss is a process that results in non-carious lesions. Several categories of tooth surface loss exist, including erosion, attrition, abrasion, and abfraction. There can be many causes of this condition, including bruxism, clenching, disease, dietary factors, habits and lifestyle, incorrect toothbrushing, abrasive dentifrices, the craniofacial complex, iatrogenic dentistry, and aging. Determining the etiology of tooth surface loss can be difficult but is possible through observation of the pattern of tooth surface loss on the teeth and is necessary for treatment planning to prevent failure. Currently, there are no evidence-based clinical protocols or studies on whether or not to treat the resulting non-carious lesions, nor is there an established protocol on how to treat them. Management of this process includes prevention, tooth remineralization, and active treatment by restoring the involved teeth. Treatment can range from minimally invasive and adhesive dentistry, to total mouth rehabilitation, to restoring the lost vertical height. Tooth surface loss and tooth wear are interchangeable terms for a process that occurs both physiologically and pathologically and results in non-carious lesions. The results can produce unacceptable esthetics, compromise oral functions, cause pain and sensitivity, and negatively impact quality of life.

Dental structure is a mineralized tissue that undergoes a dynamic process of remineralization and demineralization in the oral cavity. In the presence of supersaturated and normal functioning saliva, calcium and phosphate ions leach from the dental structures. These are then taken up in the presence of fluoride, thus maintaining a homeostasis. In response to chemical challenges and mechanical adversities, such as erosion, abrasion, attrition, and abfraction, the irreversible loss of mineral components from dental tissue occurs.

In the Ukraine such classifications of non-carious lesions were used:
Classification of non-carious lesions by V.K.Patrikeev:
I. The lesions of the teeth, which appear in the period of the follicular development of tooth tissues, i.e., before the eruption of the teeth:
1) enamel hypoplasia;

2) enamel hyperplasia;

3) dental fluorosis;

4) anomalies of development and eruption of teeth, staining of the teeth;

5) inherited disturbances of the teeth development.
II. The lesions of the teeth, which appear after theeth eruption:
1) pigmentation of teeth and deposits;

2) dental abrasion;

3) wedge-shaped defect;

4) dental erosion;

5) necrosis of hard tooth tissues; 

6) dental trauma;

7) dental sensitivity (hyperesthesia).
Developmental anomalies of teeth are marked deviations from the normal standards in color, contour, size, number, and degree of development of the teeth. Systemic as well as local factors may operate to produce these developmental disturbances. Such influences may begin before or after birth so that either deciduous or permanent teeth may be involved. Usually, it is the permanent teeth that are influenced and, in all instances, only those not completely formed at the time of the disturbance. The term “enamel hypoplasia” refers to a dental problem in which one or more teeth suffers from poor formation of enamel.

ENAMEL HYPOPLASIA
When new teeth erupt there may be small (or large) white spots on the teeth. These spots formed during development are called enamel hypoplasia or hipocalcification.

Enamel hypoplasia is a defect that occurs when dental enamel doesn’t form completely, usually because of malnutrition or disease. It is a defect in tooth enamel that results in less quantity of enamel than normal. Enamel hypoplasia is identified as a horizontal line, a series of pits or grooves along the outer surface of the tooth. These lines mark points at which the bone’s growth was resumed after it had stopped (Fig. 28). The defects in the teeth can be milky white, yellow or brown in color. The defect can be a small pit or dent in the tooth or can be so widespread that the entire tooth is small and/or mis-shaped. Sometimes the enamel or outer layer of the tooth is even deformed or thin in places. This type of defect may cause tooth sensitivity, may be unsightly or may be more susceptible to dental cavities.

Enamel hypoplasia can occur on any tooth or on multiple teeth. It can appear white, yellow or brownish in color with a rough or pitted surface (Fig. 29). In some cases, the quality of the enamel is affected as well as the quantity.

The degree of hypoplasia is proportional to the length of time the growth was arrested. Hypoplasia does not form in individuals who are chronically ill or malnourished; it only occurs in healthy individuals. Some genetic disorders cause all the teeth to have enamel hypoplasia. Environmental and genetic factors that interfere with tooth formation are thought to be responsible for enamel hypoplasia. This includes trauma to the teeth and jaws, intubation of premature infants, infections during pregnancy or infancy, poor pre-natal and post-natal nutrition, hypoxia, exposure to toxic chemicals and a variety of hereditary disorders. Frequently, the cause of enamel hypoplasia in a particular child is difficult to determine.
Enamel hypoplasia causes. At the time of tooth development, exposure to certain factors can prevent enamel from forming in normal amounts. For instance, a blunt injury to the tooth in early childhood can negatively affect dental health and cause enamel defect. 
Poor Nutrition. Malnutrition can also lead to enamel hypoplasia. At the time of tooth development, if the infant is deprived of essential nutrients like vitamin A, C and D, it can lead to poor formation of enamel. An important constituent of a tooth's enamel is keratin. For proper keratin development, there should be sufficient supply of vitamin A. However, with inadequate vitamin A, keratin formation takes a backseat, leading to poor development of enamel.
Medications. Enamel hypoplasia can also occur as a side effect of certain medications. Antibiotic usage can also interfere with enamel formation. Condition of enamel hypoplasia in children can be seen sometimes because of antibiotics prescribed. In this case child can suffer from abnormally low amount of enamel.
Fever and systemic diseases. Very high fever due to infections during childhood can also trigger tooth enamel loss. As a result, by the time these affected children attain adulthood, tooth discoloration is distinctly visible. Systemic diseases (endocrine disorders, nervous system diseases, infectious diseases) may interfere tooth and are responsible for enamel hypoplasia.
Unhygeinic Habits. Too much intake of sugary foodstuffs can also be responsible for causing enamel hypoplasia. In an attempt to enjoy the taste of candies for hours, children keep these sweets in their mouth for a considerable amount of time. When sugar in candies comes in contact with the teeth, it leads to formation of acid, that is known to damage enamel. Excessive drinking of soft drinks like coke or fizzy drinks can also produce the same undesired effect. Even habits like chewing tobacco can destroy a properly developed enamel.
Birth Defects. The process involving formation of tooth enamel is referred as amelogenesis. However, certain genetic defects can have a negative impact on amelogenesis. As a result, it can stop normal growth of tooth enamel, eventually leading to enamel hypoplasia. Infections at the time of pregnancy or poor diet during pregnancy can give rise to birth defects causing enamel defect.
Pathogenesis. Enamel is formed by ameloblasts during tooth development. Amelogenesis stops prior to tooth eruption and no more enamel is produced. Once the tooth has erupted into the oral cavity, enamel can be lost gradually (or rapidly in some cases) to chemical and mechanical forces. Once the tooth is visible in the mouth it has no way to produce, replace or repair lost or damaged enamel.

Enamel is not produced over the entire crown all at once. There are various stages of amelogenesis which start at the tip of the crown and work their way progressively down the crown to the cementoenamel junction. At any given moment, there are different stages underway at different locations on the crown.

In the case of amelogenesis, it is not different cells doing different jobs, but the same cells at different stages of maturation doing the different jobs. First they lay down the organic matrix and then they lay down the hydroxyapatite crystals within this matrix and finally they become quiescent and vestigial. Once the cells have matured from one phase and moved to the next, they cannot go back and fix any defects. 

Anything that disrupts the delicate ameloblasts during enamel production will result in defective enamel which may be very porous and weak. This defective enamel is often present at eruption but will soon be lost to abrasive forces. This leaves an area of exposed dentin and rough margins to the surrounding enamel. In some instances the enamel does not form at all and so is missing as soon as the tooth erupts. 

Hypoplasia is most common in the permanent, or adult, teeth and represents episodes of arrested growth in infancy or childhood while these teeth were still developing. Once the enamel forms, it can no longer be affected.

Hypoplasia in deciduous or baby teeth is extremely rare since the fetus is usually well nourished in the womb. A case of hypoplasia in the baby teeth is generally a sign that the baby was born prematurely or was nurtured in the womb of a very sick woman. Hypoplasia in young children’s teeth is usually an indication that the mother was malnourished while pregnant or nursing.

In hypoplasia, there is a lack of development or a defective development of the enamel of the tooth before its eruption. In deciduous teeth, enamel hypoplasia can be caused by a disturbance in the enamel formation before birth and, for some deciduous teeth, after birth. In permanent teeth, enamel hypoplasia can only be caused by some disturbance after birth since enamel formation of the permanent dentition begins at birth. Enamel prisms are deposited by the enamel organ in a definite pattern to form the crown of the tooth. A local disturbance may interfere with this process and result in defective development.
Enamel hypoplasia, as it is commonly known, may affect a single tooth if the injury is localized (e.g., infection from a fractured deciduous tooth, iatrogenic from inelegant deciduous tooth extraction, bruising from local facial trauma). Many systemic conditions, such as pyrexia, hypoproteinemia, epitheliatrophic virus infection can cause widespread enamel hypoplasia on those areas of many teeth that were undergoing amelogenesis during the time of the illness. A serious systemic illness may also cause hypoplasia of the root structure of the permanent teeth. In some cases it may develop the severe hypoplasia of most roots with some incisors having no roots at all.

The degree of the defect (hypoplasia) varies from mild, shallow depressions or grooves to extensive grooves or pits arranged in horizontal rows around the crown. These grooves or pits extend into the enamel as far as the dentinoenamel junction. The defect may be a lack of development of all or part of the enamel, leaving exposed dentin. Hypoplastic enamel and poorly formed dentin can be attributed to various causes or combinations of causes, such as infectious diseases (scarlet fever, measles, and pneumonia), rickets, or hereditary factors. 

Under the defective or missing enamel is dentin, which eventually makes up the bulk of the tooth. It is about as hard as bone but much softer than enamel. It is pale yellow in colour, compared to the stark white of normal enamel. Dentin is roughly 72% mineral, 18% organic matter (mostly collagen) and 10% water by weight. 

Dentin is arranged as a collection of tubules running from the pulp towards the enamel. The tubules are roughly 4μm in diameter near the pulp and narrow to 1μm near the enamel.

Lining the inner aspect of the dentin wall is a layer of cells known as odontoblasts. These cells extend cytoplasmic extensions into the lumens of the tubules running all the way out to the enamel, therefore, dentin is considered a living tissue. In some of the tubules, unmyelinated nerve fibers lie alongside the odontoblastic processes and so dentin is a sensitive tissue that can detect heat, cold, touch and variations in osmotic pressure with all stimuli being perceived as pain. 

Dentin is produced by the odontoblasts on the inside of the tooth throughout the life of the tooth so as the tooth matures, the dentin wall becomes thicker and the pulp chamber smaller. A tooth that erupts with defective enamel that soon falls away has exposed dentin, which is sensitive and porous and so a potential pathway for bacteria to gain access to the pulp to cause a septic pulp necrosis. These freshly erupted teeth are immature, with thin dentin walls and wider dentin tubules than a mature tooth, and so they are at their most vulnerable at this phase.

Certain systemic problems can affect the sensitive ameloblasts and cause enamel hypoplasia more widespread than that seen in Turner's hypoplasia. Affected teeth may reveal pits or grooves as well as partial or total lack of enamel. In deciduous teeth, the most common pattern is a horizontal groove positioned at the level of tip crown that was being developed at the time of injury. In the permanent dentition, one of the frequent patterns presents as areas of opacity, horizontal rows of pits, or linear defects present on the anterior teeth and the first molars. These teeth are formed during the first year of life; if the sensitive ameloblasts are damaged, hypoplasia or hypo-maturation will be present if the enamel that was being formed at that time. The damage is bilaterally symmetrical and correlates well with the developmental pattern of the involved teeth. Less commonly similar alterations of enamel may be present in the bicuspids and second molars if the inciting event occurs around the age of 3 years. The large numbers of factors are associated strongly with subsequent environmental enamel alterations. Before birth, a maternal history of smoking, higher pregnancy weight, and lack of appropriate prenatal care are associated with an increased prevalence. Prematurity, low-birth weight, and prolonged intubation of the infant also are implicated. After birth, infectious (especially the exanthematous diseases, malnutrition, congenital cardiac and renal disorders, hypocalcemia, hyperbilirubinemia, and significant exposure to tetracycline, antineoplastic therapy or excessive fluoride can lead to enamel hypoplasia. Treatment of the altered teeth consists of repair with aesthetic resins, until the teeth fully erupt, and then evaluation to determine whether further restoration is required for cosmetic reasons and function.

With generalized enamel hypoplasia, the enamel produced before the injury will be normal and the enamel produced after the injury has passed will be normal, but the enamel that is under production during the injury will be defective. This explains why in many cases of generalized enamel hypoplasia there is a band of defective enamel that runs across the crowns of many teeth. This may be at the tips of the crowns, mid crown or near the gum line depending on the timing of the injury.

With localized enamel hypoplasia, the location of the lesions is determined by the location of the trauma and may be isolated to a small portion of the crown of just one tooth or may involve larger portions of a few adjacent teeth. Localized infection or trauma to a deciduous tooth can affect the enamel formation of the underlying permanent tooth. It may involve either a disturbance in the matrix formation or calcification, depending on when the damage occurred. These teeth may exhibit only a slight area of discoloration, areas of pitting, or a totally irregular hypoplastic crown. The degree of malformation varies according to the severity of the injury and the stage of development of the permanent tooth. Coronal enamel maturation continues until eruption of the tooth; therefore, traumatic enamel alterations can arise long after cessation of ameloblastic activity. Coronal or radicular dilaceration also may occur.

The most commonly involved teeth are the maxillary central incisors secondary to physical trauma to the overlying deciduous teeth. Traumatic intrusion of the deciduous tooth is correlated with the highest prevalence of damage to the underlying permanent tooth and usually affects the facial surface of the permanent tooth due to the anatomic relationship between the deciduous apices and the adjacent crown. Similar coronal damage may occur in bicuspids secondary to periapical inflammatory disease of the overlying deciduous molars. These damaged permanent teeth are referred to as 'Turner's teeth," and this type of environmental dental malformation is called "Turner's hypoplasia."
Hypoplasia can be either a distinct spot on one tooth mainly permanent premolars (sometimes called Turner's tooth, which might have been caused by a trauma or other unknown disturbance to the area of deciduous molars during the mineralization of that tooth), or diffuse streaks or cloudy opacities on all the teeth which was some kind of systemic disturbance over a long period of time.
Turner's hypoplasia is an abnormality found in teeth. Its appearance is variable, though usually is manifested as a portion of missing or diminished enamel on permanent teeth. Unlike other abnormalities which affect a vast number of teeth, Turner's hypoplasia usually affects only one tooth in the mouth
If Turner's hypoplasia is found on a canine or a premolar, the most likely cause is an infection that was present when the primary (baby) tooth was still in the mouth. Most likely, the primary tooth was heavily decayed and an area of inflamed tissues around the root of the tooth (called a periapical inflammation), affecting the development of the permanent tooth. The tooth most likely affected by this cause is the canine tooth. The appearance of the abnormality will depend on the severity and longevity of the infection.

If Turner's hypoplasia is found in the front (anterior) area of the mouth, the most likely cause is a traumatic injury to a primary tooth. The traumatized tooth, which is usually a maxillary central incisor, is pushed into the developing tooth underneath it and consequently affects the formation of enamel. Because of the location of the permanent tooth's developing tooth bud in relation to the primary tooth, the most likely affected area on the permanent tooth is the facial surface (the side closer to the lips or cheek). White or yellow discoloration may accompany Turner's hypoplasia. Enamel hypoplasia may also be present Turner's hypoplasia usually affects the tooth enamel if the trauma occurs prior to the third year of life. Injuries occurring after this time are less likely to cause enamel defects since the enamel is already calcified.

Turner's hypoplasia usually affects the tooth enamel if the trauma occurs prior to the third year of life. Injuries occurring after this time are less likely to cause enamel defects since the enamel is already calcified. The same type of injury is also associated with the dilaceration of a tooth.

Treatment. Therefore, early intervention (as soon as the problem is detected) is indicated.

Diagnosis and assessment must always precede treatment planning. This begins with a thorough examination under general anaesthesia to document all areas of coronal defects as well as whole-mouth intra-oral dental radiographs to look for problems with root development. 

In considering treatment options (extraction, dentin bonding, composite restoration, and cast metal restorations) a number of factors need to be considered including: 

-number of teeth affected 

-location of defects (crown tip, mid crown…) 

-importance of teeth affected 

-severity of defects (coronal and root) 

-owner’s expectations and resources 

-operator’s knowledge, skills and resources 

Each case needs to be considered on its own merits in order to develop an appropriate short and long-term treatment plan. The objective is to provide the patient with a mouth free from pain and infection. In cases of severe coronal and root defects, this may necessitate whole-mouth extraction. In cases of small coronal defects it may simply involve removing further defective enamel and coating the crown with a fluoride-releasing bonded resin to seal the dentin tubules, decrease sensitivity, offer protection for the underlying pulp and to help strengthen the remaining enamel. These procedures are technique sensitive.

Treatment options depend on the severity of the enamel hypoplasia on a particular tooth and the symptoms associated with it. If it is just a small spot that is decayed then a small white filling is all that may be needed. Now, for those areas that are on the front teeth with no decay, they just look funny, and then there are a few options there too. It all depends on how severe or how deep the lesion is. A technique called Microabrasion, perhaps followed by a little bleaching, can be very useful to treat these cases and make it look at least a little better and it's very easy to do. More severe cases need a white filling or more extensive cosmetic dentistry like a porcelain veneer.

The most conservative treatment consists of bonding a tooth colored material to the tooth to protect it from further wear or sensitivity. In some cases, the nature of the enamel prevents formation of an acceptable bond. Less conservative treatment options, but frequently necessary include use of stainless steel crowns, permanent cast crowns or extraction of affected teeth and replacement with a bridge or implant.

Treatment of teeth with enamel hypoplasia must be determined on an individual basis in consultation with the child’s pediatric or family dentist. The following treatment options are based on the available literature and the experiences of faculty members in our department and should be adapted to meet the needs of each patient.
Treatment for posterior teeth:
1. For sensitive teeth with minimal wear, you may apply SuperSeal (Phoenix Dental Inc.) or another desensitizing agent (such as potassium nitrate) as needed.

2. For mildly hypoplastic molars, place pit and fissure sealant on the occlusal surface. - after 6 months a re-evaluation, and if the sealant is lost, go to step 2.

3. Remove demineralized enamel and restore with composite - at 6 month re-evaluation, if composite is lost, either replace using good isolation techniques or go to step 3.

4. Perform minimal reduction of tooth and cement a stainless steel crown - evaluate clinically and radiographically as indicated.

5. For permanent molars, stainless steel crowns are intended for temporary use only. These teeth should be restored with a permanent cast crown in the late teen years or early adulthood.

6. In cases where the first permanent molars are un-restorable or marginally restorable, extraction prior to the eruption of the second molars may be a reasonable alternative. 
Treatment for anterior teeth:
1. For sensitive teeth with no wear, you may apply SuperSeal (Phoenix Dental Inc.) or another desensitizing agent (such as potassium nitrate) as needed.

2. If there are esthetic concerns, direct or indirect composite veneers may be bonded to the affected tooth. 

3. For permanent anterior teeth, composite or porcelain veneers or porcelain crowns may be used.

Prevention is much better than treatment. A physician who provides good health supervision (including proper treatment of infant disease) and good nutrition are the keys to prevention. Brushing with fluoride toothpaste twice daily can also help to restore the lost enamel. This is the most commonly preferred treatment to correct enamel hypoplasia. As sugar can damage enamel, staying away from soft drinks, citrus foods (lemon and oranges) and high sugar foods like candies, chocolates, pastries and cakes is necessary and considered to be an integral part of dental care and helps to prevent recurrence of enamel hypoplasia.
ENAMEL PEARL (HYPERPLASIA)
The enamel pearl is an uncommon ectopic mass of enamel located near the bifurcation of molar teeth, usually in the permanent dentition. Rare cases have been documented in teeth anterior to the molars. This is thought to be a developmental abnormality that arises from a cluster of mis-placed ameloblasts located in the area. The maxillary molars are affected most frequently, but mandibular cases do occur. The pearls may be seen radiographically and can be contused with calculus. Large pearls may exhibit root formation, and some believe the histogenesis is based on the ability of the carrier root to partially behave as a new tooth genu.

These globules of enamel usually do not present any clinical problems unless periodontal disease develops in the bifurcation. The ectopic enamel precludes normal periodontal attachment and may lead to hygiene problems and rapid loss of attachment. If removal is planned, it must be remembered that they may contain a fine strand of dentin and pulp. In deciduous teeth, enamel pearls may produce delayed exfoliation or deviation of the underlying permanent tooth.
Hypercementosis
Hypercementosis is the non-neoplastic deposition of excessive secondary cementum along the root surface of a tooth. Radiographically no sharp dividing line can be seen between the dentin and the cementum; therefore, the diagnosis is made from the abnormal blunt shape of the en​larged root. One or more teeth may be affected, and bicuspids are involved most frequently. On occasion, excessive deposition is generalized to the entire dentition.

Typically, the process occurs in adulthood and increases in prevalence with age. Cases discovered in younger patients often demonstrate familial clustering. Hvpercementosis is known to be associated with tooth repair, adjacent inflammation, and teeth that are not in occlusion (im​pacted, embedded, or without an antagonist). A few systemic disorders, including Paget disease, acromegaly, pituitary gigantism, thyroid goiter, rheumatic fever, arthritis, calcinosis, and possibly vitamin A deficiency, have been associated with hypercementosis. No treatment is required; however, such teeth may prove difficult to extract.
DENTAL FLUOROSIS (MOTTLED ENAMEL)
"Fluorosis — an abnormal condition caused by excessive intake of fluorine, as from fluoridated drinking water, characterized chiefly by mottling of the teeth." (The American Heritage Stedman's Medical Dictionary, 1995). Dr. F. J. McClure, National Institutes of Health, states that "the first specific symptom of fluorine injury to the child is the appearance of hypocalcified enamel known as mild “mottled enamel”.

Mottled enamel, or dental fluorosis, is a form of enamel hypocalcification which results from the ingestion of excessive fluoride during the period of enamel formation. To cause mottling, fluoride must be present in concentrations several times that found in controlled fluoridated water supplies.

Analysis of water in the affected districts shows the fluorine content may vary from 0-9 to 17 parts per million (p.p.m.). The salts concerned are fluorides of calcium, sodium and potassium. The lowest concentration that will produce the defects is 0-9 p.p.m. The higher the concentration the more severely are the teeth damaged, and the greater is the proportion of people affected. Continuous use of water containing 1 p.p.m. causes only the mildest form of fluorosis, and in only 10 per cent, of the population drinking the water. The effects become progressively worse with increasing amounts until when the concentration approaches 6 p.p.m. the incidence is about 100 per cent., of which about 90 per cent, is of the more severe type.

When fluoride in the drinking water exceeds 1 p.p.m., changes can be seen in the structure of developing teeth secondary to defective or deficient enamel formation. In addition, clinically evident dental fluorosis has been detected in children living in areas using water with less than 1 p.p.m. of fluoride. It has become evident that total fluoride intake comes from a combination of fluoride supplements, food sources, naturally released components, and man-made commercial emissions into the environment. In many instances, the actual fluoride intake greatly exceeds the recommended level and results in detectable dental changes. Significant ingestion of toothpaste by children younger than age 4 years has been correlated directly with fluorosis, even in non-fluoridated communities.

Fluoride consumption can exceed the tolerable upper limit when someone drinks a lot of water containing fluoride in combination with other fluoride sources, such as swallowing fluoridated toothpaste, consuming food with a high fluoride content, or consuming fluoride supplements. The use of fluoride supplements as a prevention for tooth decay is rare in areas with water fluoridation, but was recommended by many dentists in the UK until the early 1990s. 

Dental fluorosis has been classified in a number of ways. One the most universally accepted classifications was developed by H. T. Dean in 1942; its descriptions can be easily visualized by the public. In using Dean's Fluorosis Index, each tooth present in an individual's mouth is rated according to the fluorosis index in Table 5. The individual's fluorosis score is based upon the severest form of fluorosis recorded for two or more teeth.

Very mild to mild fluorosis has no effect on tooth function and may make the tooth enamel more resistant to decay. This type of fluorosis is not readily apparent to the affected individual or casual observer and often requires a trained specialist to detect. In contrast, the moderate and severe forms of dental fluorosis are generally characterized by esthetically (cosmetically) objectionable changes in tooth color and surface irregularities. Most investigators regard even the more advanced forms of dental fluorosis as a cosmetic effect rather than a functional adverse effect.

H. T. Dean (1934) developed a fluorosis index which classified individuals into 5 categories, depending on the degree of enamel alteration, and which was based on the identification of the 2 most severely affected teeth, giving ordinal numbers as the severity of the enamel alteration increased. This index was later modified by I.J.Moller (1982). A.Thylstrup and O.Fejerskov (1978) developed an index (T-F) based on the biological aspects of dental fluorosis, classifying individuals into 10 categories characterizing the macroscopic degree of fluorosis in relation to histological aspects. In the original classification, buccal, occlusal and lingual surfaces were examined (Table 6).

Table 5. Criteria for Dean's Fluorosis Index
	Score
	Criteria

	Normal
	The enamel represents the usual translucent semi-vitriform type of structure. The surface is smooth, glossy, and usually of a pale creamy white color.

	Questionable
	The enamel discloses slight aberrations from the translucency of normal enamel, ranging from a few white flecks to occasional white spots. This classification is utilized in those instances where a definite diagnosis of the mildest form of fluorosis is not warranted and a classification of "normal" is not justified.

	Very Mild
	Small opaque, paper white areas scattered irregularly over the tooth but not involving as much as 25% of the tooth surface. Frequently included in this classification are teeth showing no more than about 1-2 mm of white opacity at the tip of the summit of the cusps of the bicuspids or second molars.

	Mild
	The white opaque areas in the enamel of the teeth are more extensive but do not involve as much as 50% of the tooth.

	Moderate
	All enamel surfaces of the teeth are affected, and the surfaces subject to attrition show wear. Brown stain is frequently a disfiguring feature.

	Severe
	Includes teeth formerly classified as "moderately severe and severe." All enamel surfaces are affected and hypoplasia is so marked that the general form of the tooth may be affected. The major diagnostic sign of this classification is discrete or confluent pitting. Brown stains are widespread and teeth often present a corroded-like appearance.


A.Thylstrup and O.Fejerskov (1978), in the study which gave rise to the T-F index, considered that the DEAN index was not capable of distinguishing the different aspects of the severity of dental fluorosis in areas of high fluoride concentrations in the water supply (above 3 ppm F).

Table 6. Clinical criteria and Scoring for the TF (Thylstrup-Fejerskov) Index
	Score
	Criteria

	0
	Normal translucency of enamel remains after prolonged air-drying.

	1
	Narrow white lines corresponding to the perikymata.

	2
	Smooth surfaces: More pronounced lines of opacity that follow the perikymata. Occasionally confluence of adjacent lines.
Occlusal surfaces: Scattered areas of opacity <2 mm in diameter and pronounced opacity of cuspal ridges.

	3
	Smooth surfaces: Merging and irregular cloudy areas of opacity. Accentuated drawing of perikymata often visible between opacities.
Occlusal surfaces: Confluent areas of marked opacity. Worn areas appear almost normal but usually circumscribed by a rim of opaque enamel.

	4
	Smooth surfaces: The entire surface exhibits marked opacity or appears chalky white. Parts of surface exposed to attrition appear less affected.
Occlusal surfaces: Entire surface exhibits marked opacity. Attrition is often pronounced shortly after eruption. 

	5
	Smooth surfaces and occlusal surfaces: Entire surface displays marked opacity with focal loss of outermost enamel (pits) <2 mm in diameter.

	6
	Smooth surfaces: Pits are regularly arranged in horizontal bands <2 mm in vertical extension.
Occlusal surfaces: Confluent areas <3 mm in diameter exhibit loss of enamel. Marked attrition.

	7
	Smooth surfaces: Loss of outermost enamel in irregular areas involving <1/2 of entire surface.
Occlusal surfaces: Changes in the morphology caused by merging pits and marked attrition.

	8
	Smooth and occlusal surfaces: Loss of outermost enamel involving >1/2 of surface.

	9
	Smooth and occlusal surfaces: Loss of main part of enamel with change in anatomic appearance of surface. Cervical rim of almost unaffected enamel is often noted.


In a 1986-7 national survey of U.S. school children conducted by the National Institute of Dental Research, dental fluorosis was present in 22.3% of the children examined using Dean's Index. These children were exposed to all sources of fluoride (fluoridated water, food, beverages, fluoride dental products and dietary supplements). The prevalence of the types of fluorosis is:

Very mild fluorosis 17.0%

Mild fluorosis 4.0%

Moderate fluorosis 1.0%

Severe fluorosis 0.3%

Total cases of fluorosis 22.3%

As of 2005 surveys conducted by the National Institute of Dental Research (NIDR) in the USA between 1986 and 1987 and by the Center of Disease Control (CDC) between 1999 and 2002 are the only national sources of data concerning the prevalence of dental fluorosis (Table 7).
Table 7. NIDR and CDC findings concerning the prevalence of dental fluorosis

	Deans Index
	1987
	2002

	Questionable fluorosis
	17%
	11.8%

	Very mild fluorosis
	
	19%

	Mild fluorosis
	4%
	5.83%

	Moderate fluorosis
	1%
	0.59%

	Severe fluorosis
	0.3%
	

	Total
	22.3%
	37.2%


The incidence of moderate or severe fluorosis comprised a very small portion (6%) of the total amount of fluorosis. In other words, 94% of all dental fluorosis is the very mild to mild form of dental fluorosis.
Dental fluorosis is caused by a disruption in enamel formation which occurs during tooth development in early childhood. Enamel formation of permanent teeth, other than third molars (wisdom teeth), occurs from about the time of birth until approximately five years of age. After tooth enamel is completely formed, dental fluorosis cannot develop even if excessive fluoride is ingested. Older children and adults are not at risk for dental fluorosis. Dental fluorosis only becomes apparent when the teeth erupt. Because dental fluorosis occurs while teeth are forming under the gums, teeth that have erupted are not at risk for dental fluorosis.
The teeth are only affected provided the child lives in the district during the time of enamel calcification. If the child goes there after this has been completed, no change is observed. Most observers have noted that the permanent teeth are much more frequently marked than the deciduous ones.
Clinical Features. The appearance of the teeth varies with the severity of the lesion and this is stated to be correlated with the fluorine content of the water in the district. In the questionable stage there are a few white flecks or occasional small spots on the enamel. In the very mild form there are small opaque paper-white areas scattered over the tooth, but they do not involve more than 25 per cent of its surface. In the mild form these are more extensive, but do not involve more than 50 per cent, of the tooth. In the moderate form all enamel surfaces are involved, the surfaces subjected to attrition show marked wear, and a brown or yellowish stain is frequently present (Fig. 30). In the severe form all enamel surfaces are involved, and the morphology of the tooth may be affected; there is discrete or confluent pitting, the brown stain is widespread, and the teeth often have a corroded appearance (Fig. 31).

The brown stain is not present before the tooth erupts, but it occurs afterwards. The cause of the subsequent change has not yet been definitely elucidated, but it may be associated with dietary conditions or be due to chromogenic bacteria.

The distribution of the lesions about the various teeth, irrespective of the periods of calcification of the crown is a distinctive feature when compared with hypoplasia due to other general causes.

The mottling of enamel varies in extent and severity, depending on the amount of fluoride in the water and how long it was routinely used. In mild cases, the enamel is opaque but of good structure. In severe cases, it may be chalky and crumble easily. The area of involvement varies from spots on a few teeth to extensive mottling of many teeth. The mottled areas may have a white, opaque appearance or they may have a stained appearance ranging from yellowish-brown to dark-brown. This condition is significant because it makes teeth unsightly. Superficial bleaching and acid etch composite may be used to correct the condition. Severe cases may require porcelain veneers or crowns.

The dental changes vary significantly even at similar fluoride levels because of individual variations in fluoride intake. Changes from white opaque teeth, with or without brown-stained areas, to teeth that are extremely pitted and corroded in appearance are seen. The changes are usually generalized to all of the teeth: in mild cases, however, not all of the tooth surface may be in​volved. Although the teeth may be severely pitted, they are still resistant to caries. Cosmetic therapies include vital bleaching, veneers, or crowns.
Histopathology. The chief part of the enamel affected is the interprismatic substance, particularly in its outer third. Here it is defective, or may be completely absent. This may cause imperfectly arranged prisms. Work on tooth structure with the electron microscope show that the external enamel surfaces of fluoresced teeth (without etching) show a tendency towards a greater microscopic roughness than the normal teeth. The experimental evidence indicates that the fluorine is laid down, not in the form of calcium fluoride, but probably in the form of acid resistant calcium fluorapatite, as a fine dispersion throughout the hydroxy and carbonate apatites which are found normally in teeth. In mottled teeth there is markedly more fluorine in the enamel than in normal teeth and three times the usual amount in the dentine.
Treatment. Dental fluorosis can be cosmetically treated by a dentist. The cost and success can vary significantly depending on the treatment. Tooth bleaching, microabrasion, and conservative composite restorations or porcelain veneers are commonly used treatments. Generally speaking, bleaching and microabrasion are used for superficial staining, whereas the conservative restorations are used for more unaesthetic situations.
Prophylactic measures. Thus, it appears that a diet rich in vitamin D, calcium and phosphorus has a beneficial effect in the prevention of fluorosis which is the reason for the rarity of advanced bone changes being observed in England and U.S.A.

The prevention of fluorosis can best be achieved by altering the water supply to one where the fluorine content is not more than 1 p.p.m.

The incidence of caries in mottled teeth is lower than in unaffected ones. This is interesting in view of the structural defect, and indicates that the minute fluoride amount in the water as mentioned above may be a prophylactic against caries.
NON-CARIOUS DESTRUCTIVE PROCESSES INVOLVED IN TOOTH

WEAR: ABRASION, ATTRITION, ABFRACTION, EROSION
Different forms of chronic destructive processes other than caries affecting the teeth and leading to an irreversible loss of tooth structure from the external surface are described in the literature. They are referred to as abrasion, demastication, attrition, abfraction, resorption and erosion. These processes can be viewed as physiological and/or pathological, but the literature does not give any clear definitions when to appropriately use which term. Non-carious loss of dental hard tissue, also generically termed tooth wear, is hardly ever caused by one of the above processes alone. According to current knowledge, tooth wear in any one individual is likely to be multifactorial.
Abrasion, derived from the Latin verb abradere, abrasi, abrasum (to scrape off,), describes the wearing away of a substance or structure through mechanical processes, such as grinding, rubbing or scraping. The clinical term dental abrasion or abrasio dentium is used to describe the pathological wearing away of dental hard tissue through abnormal mechanical processes involving foreign objects or substances repeatedly introduced in the mouth and contacting the teeth. Abrasion is the mechanical wear of tooth structure by repeated physical contact principally by toothbrushes and/or abrasive dentifrices. Depending on the etiology, the pattern of wear can be diffuse or localized. Based on the clinical observation of the frequent coincidence of smooth-surface and/or cervical abrasion and extensive oral hygiene, the latter has been incriminated to be a main etiological factor in dental abrasion. Both patient factors and material factors have been found to influence the prevalence of abrasion. Patient factors include brushing technique, frequency of brushing, time spent on brushing, force applied during brushing, where on the dental arch brushing is started, etc. Material factors refer to type of material, stiffness and end-rounding of toothbrush bristles, tuft-design of the brush, flexibility and length of the toothbrush grip, as well as abrasiveness, pH and amount of dentifrice used. Abrasion on proximal tooth surfaces may be caused by extensive use of interdental cleaning devices such as tooth picks or interdental brushes, especially when they are inserted along with toothpaste or toothpowder. Occupational abrasion, i.e. excessive tooth wear due to any professional cause such as abrasive dust at the work place, holding nails between the teeth. biting thread, etc. are only rarely seen today. 
Demastication, derived from the Latin verb mandere, mandi, mansum (to chew), describes the wearing away of tooth substance during the mastication of food with the bolus intervening between opposing teeth. Wear is then influenced by the abrasiveness of the individual food. Demastication is normally a physiological process affecting primarily the occlusal and incisal surfaces, but may be termed pathological when occurring due to abnormal food consumption such as betel nut demastication or the like. Although the term demastication is used in the dental literature, this type of wear can also be looked at as a combination of abrasion and attrition. 

The term Attrition is derived from the Latin verb atterere, attrivi, arttritum, describing the action of rubbing against something. The clinical term dental attrition or cittritio rieritiznii is used to describe the physiological wearing away of dental hard tissue as a result of tooth-to-tooth contact with no foreign substance intervening. Such contact occurs when grinding the teeth. e.g. during swallowing, speech, and when lifting heavy things, and the resulting wear involves the occlusal and incisal surfaces of teeth. Proximal surfaces are also worn by attrition during mastication. The individual degree of attrition is chiefly associated with age. Clinically, this loss of substance mostly leads to the formation of facets.

The term Abfraction derived from the Latin verb frangere, fregi, fractum (to break), is used to describe a special form of wedge-shaped defect at the cementoenamel junction (CEJ) of a tooth. Such lesions observed on a single tooth or on non-adjacent teeth are hypothesized to be the result of eccentrically applied occlusal forces leading to tooth flexure rather than to be the result of abrasion alone. According to the tooth flexure theory.  Masticatory or parafunctional forces in areas of hyper- or malocclusion may expose one or several teeth to strong tensile, compressive or shearing stress. These forces are focussed on the CEJ. where they provoke microfractures in enamel and dentin. The microfractures are thought  to propagate with time perpendicular to the long axis of he stressed teeth until enamel and dentin break away. The resulting wedge-shaped defects have sharp rims. As the scientific basis of the tooth flexure theory is not yet sufficiently explored, more research is needed for a better understanding of this process.
Resorption, derived from the Latin verb resorbere (to suck back), describes the process of biological degradation and assimilation of substances or structures previously produced by the body. The clinical terms dental resorption, root resorption, tooth resorption and the like describe the biological removal of dental hard tissue by cementoclastic, dentinoclastic and ameloclastic activity. This can be either a physiological process, as in the case of root resorption of deciduous teeth, or a pathological process such as resorption owing to trauma. cysts or neoplasms. Resorption is of no relevance in the context of erosion. but for the sake of completeness cannot be omitted from the list of non-carious destructive processes.
Erosion derived from the Latin verb erodere, erosi, erosum (to gnaw, to corrode), describes the process of gradual destruction of the surface of something, usually by electrolytic or chemical processes. Erosion is the pathologic loss of tooth structure resulting from chemical action that does not include the bacterial process. Erosion is the chemical dissolution of tooth structure by acids, which can be intrinsic or extrinsic in origin.

The clinical term dental erosion or erosio dentium is used to describe the physical result of a pathologic, chronic, localized, painless loss of dental hard tissue chemically etched away from the tooth surface by acid and/or chelation without bacterial involvement. The acids responsible for erosion are not products of the intraoral flora; they stem from dietary, occupational or intrinsic sources.
A non-carious cervical lesion is the loss of tooth structure at the cementoenamel junction level that is unrelated to dental caries. These lesions can affect tooth sensitivity, plaque retention, caries incidence, structural integrity and pulpal vitality. The non-carious cervical lesion is being seen with increasing frequency and presents unique challenges for successful restoration.

The described forms of non-carious loss of tooth substance are summarized in Table 8.
Table 8. Survey of non-caries chronic destructive processes leading to tooth wear, i.e. loss of tooth substance from the external surface

	Terminology
	Cause of loss of hard tissue

	Abrasion
	Mechanical process involving foreign objects or substances

	Demastication
	Mechanical interaction between food and teeth

	Attrition
	Mechanical process involving  tooth-to-tooth contact

	Abfraction
	Mechanical process involving  tooth  flexure by eccentric occlusal forces

	Erosion
	Chemical etching and dissolution

	Resorption
	Biological degradation


Common causes of non-carious lesions due to tooth surface loss
Bruxism/Clenching. Bruxism is the habitual, non-functional grinding movement of the masticatory system (mandibular parafunction) in eccentric position, as well as canine and incisal guidance. Bruxism causes a significant rate (three to four times the normal wear of 10 µm to 20 µm per year) of attrition, resulting in structural changes of the tooth morphology with the formation of deep grooves, striations, and wear facets. Clenching is considered "silent bruxism" in centric occlusion without lateral or forward movements. The tooth wear is more severe in the anterior teeth as compared to the posterior teeth.
Systemic diseases. Diseases that lead to tooth structure loss include those in which the natural formation of enamel and dentin is compromised (e.g., enamelogenesis imperfecta and dentinogenesis imperfecta). When the mineral density, level of mineralization, and hardness are low and the teeth are not capable of withstanding the normal physical and chemical challenges in the oral cavity, tooth surface loss occurs. The rate of tooth surface loss may increase when the protective factors of saliva, which maintains the homeostasis in the oral cavity, are diminished due to salivary hypofunction and dysfunctions, as in Sjögren's syndrome, rheumatoid arthritis, and radiation to the head and neck region.

In salivary hypofunction, the lack or decrease of saliva increases the friction and effectiveness of the abrasiveness of toothpaste and toothbrushing. The site-specific tooth surface loss reflects the normal protective role of serous saliva and salivary pellicle in a site-specific manner. Also, involuntary regurgitation and chronic regurgitation such as in hiatal hernia and gastroesophageal reflux disease (GERD) negatively affect the oral cavity because the acid reflux (intrinsic acid) is low in pH (pH < 2) and readily dissolves the tooth minerals. Dental erosion can be considered an atypical manifestation of gastroesophageal reflux disease (GERD). Voluntary regurgitation in cases of anorexia nervosa and bulimia also introduces gastric acid reflux into the oral cavity and causes degradation of the dental structures. Additionally, various medications with anti-cholinergic side effects (e.g., psychiatric, antihypertensive, a combination of medications, etc) cause salivary hypofunction. The chronic use of medications that are low in pH (liquid, chewable tablets, or inhaler forms) has a detrimental effect on teeth and can potentially cause erosion.
Dietary and Lifestyle Habits. Frequent retention of extrinsic acids, especially citric and acetic acids in the form of drinks and food, favors the dissolution of tooth minerals and decreases microhardness. Because pH is not exclusively dependent, the "erosive potential" of food and drinks should be assessed by mineral content, triturable acidity (buffering capacity), and calcium chelation properties in reducing the microhardness of tooth structure. Food and drinks containing citric acid may be more erosive than those containing phosphoric acid. 

The current trend toward healthier food and drinks that are acidic may lead to increased tooth surface loss. Diet soft drinks that are low in calories and sugar can be poor alternatives when it comes to tooth surface loss because of their acidity and erosive potential. Also, drinking acidic (pH ≈ 3) sports beverages, especially after engaging in sports activities when the oral cavity is dehydrated, can increase the rate of tooth surface loss. 

Cultural and ethnic foods that are hard to chew, dried, or fibrous, as well as certain preparation methods, can also adversely affect the amount of tooth wear. 

Repeated behavioral patterns, e.g., smoking a pipe, chewing pens, or using teeth to open beverage bottles, cause tooth wear. Stressful working conditions, working in factories that use acids (e.g., a battery factory), working in a noisy environment, swimming in gas-chlorinated pools with low acidity and no buffering capability, occupational wine tasting, etc, can all cause tooth surface loss. Playing certain musical instruments also can contribute to specific patterns of tooth wear.
Toothbrushing and Toothpastes. Brushing the teeth in the demineralized state, after exposure to acidity, has the cumulative effect of initiating tooth wear and ultimately removing tooth structure. Toothbrushing in a horizontal direction causes more cervical wear than vertical brushing In addition, the type of toothbrush bristles and toothpaste used exerts mechanical forces that can abrade tooth surfaces. Sharper, pointed toothbrush filaments, a higher number of tufts, dense packing, and splay on toothbrush loading are factors that are more likely to abrade hard and soft tissues and restorative material, as opposed to rounded tips and a low number of low-density tufts. 

Abrasives in the toothpaste are necessary to remove biofilm and stain from the reachable tooth surfaces and to polish them. However, radioactive dentin abrasiveness (RDA) and radioactive enamel abrasiveness (REA) of the toothpaste may influence the level of enamel or dentinal wear with repeated use of the toothpaste. It is interesting to note that the RDA is not required by law to be on the label of currently marketed products. 
Craniofacial Complex. A deviation in the vertical direction, a small angle between the mandibular–palatal planes, and a small gonial angle also play a role in tooth wear. The bite force and pressure applied by the mandible can be tremendous because the masseter muscle is one of the strongest in the human body, depending on the craniofacial complex. The more square the face, the more surface area for the attachment of the muscle and the more exertion of bite force and pressure, resulting in increased tooth wear.
Iatrogenic Dentistry. When the hardness of the restorative material is greater than the natural opposing teeth, wear of the natural teeth will occur in absence of bite corrections and occlusal adjustments. These problems can usually be seen locally in the teeth opposing the restoration but can be generalized as well.
Aging. Older patients were more likely to exhibit non-carious cervical lesions, but no great difference in incidence was found between men and women. Tooth surface loss and tooth wear occur naturally with age, beginning even before the tooth reaches the occlusal plane. During the functional life of a tooth, cusps flatten, wear facets develop, enamel volume is lost from the tooth surfaces, and dentin is exposed. With the increased longevity of the human population, increased retention of teeth along with gingival recession gives rise to more tooth surface exposure, thus greater potential for formation of non-carious lesions. The elderly population whose teeth are retained for longer periods of time and who have increased exposure of root surfaces may be at higher risk of developing erosive lesions.
Nomenclature and classification of erosion 
Since the early reports on tooth erosion many differing nomenclatures and classifications have been used in the dental literature, describing erosive lesions of the teeth. The variety came about because different authors chose different approaches. Thus, nomenclature and classification were based on 1) etiology, 2) clinical severity, 3) activity of progression and 4) localization of erosion. 
Classification based on etiology 
Dental erosion is a well-recognized hazard associated with several occupations involving significant exposure to acidic chemicals. Tooth erosion is termed either extrinsic, intririsic or idiopathic, implying that according to the anamnesis (case history taking) the acids producing tooth destruction may be of exogenous, endogenous or unknown origin.
Extrinsic erosion is the result of exogenous acids. These can be airborne acidic contaminates of the working environment, sometimes referred to as industrial acids, or acidic water of swimming pools, a side effect of chlorination using chlorine gas that reacts with water to form hydrochloric acid. Severe cases of extrinsic erosion have also been reported owing to the oral administration of medicaments such as iron tonics, acid replacements for patients suffering from achlorhydria, or acid to dissolve small renal calculi. Dietary acids, however, undoubtedly are the principal causative factor for extrinsic tooth erosion. The most frequently consumed erosive acids are fruit acids and phosphoric acid contained in fresh fruits, fruit juices and soft drinks. More recently ascorbic acid (vitamin C) contained in all sorts of drinks, sports drinks and candies has been identified as a significant cause of extrinsic erosion.
Intrinsic erosion is the result of endogenous acid. Intrinsic causes can he grouped into environmental, diet, medications, and lifestyle. Many causes related to extrinsic exposure can he explained easily by exposure to a highly acidic substance. This is gastric acid contacting the teeth during recurrent vomiting, regurgitation or reflux. Eating disorders of psychosomatic origin, such as nervous vomiting, anoresia nervosa or bulimia are often the cause of regurgitation or vomiting which in these cases is self-induced. Causes of somatic origin include pregnancy, alcoholism, antabus therapy for alcohol abuse and gastrointestinal disorders, such as gastric dysfunction, chronic obstipation, hiatus hernia, duodenal and peptic ulcer and gastroesophageal reflux disease.
Idiopathic erosion is the result of acids of unknown origin, i.e. an erosion-like pathology where neither tests nor anamnesis are capable of providing an etiologic explanation. This category is becoming a "diagnostic dumping ground" for unexplained tooth loss that does not fit the criteria for the diagnosis of attrition or abrasion. The number of examples of cervical idiopathic erosion have been reassessed and appropriately diagnosed as abfraction. In some cases, definitive diagnosis is not possible; chemical action mav be involved, but defensible proof is lacking.
Classification based on clinical severity 
Different classifications of tooth wear have been proposed, based on visual examination of the tooth surfaces and on ascribing scores to them according to the extent of the lesions. Few indices, however, have explicitly aimed to assess erosion. In 1979 J.D.Eccles classified erosion as follows: 

Class I: Superficial lesion, involving  enamel only; 

Class II: Localized lesion, < 1/3 of surface involving dentin; 

Class III: Generalized lesion, >1/3 of surface involving dentin. 
Many patients with erosion exhibit a distinctive pattern of tooth loss in which the facial surfaces of the anterior teeth are affected predominantly. The area of loss is noted in the gingival one third as a shallow, spoon-shaped depression of the enamel adjacent to the cementoenamel junction. Although the loss usually is located in these areas, posterior teeth and occlusal surfaces may be involved, with great variation in the size and shape of the damage. Often, because of dentin being destroyed more rapidly than enamel, the defects present themselves as concave depressions of dentin surrounded by elevated rims of enamel. In some cases, this begins as a small pit at the cusp tip that may enlarge to destroy much of the coronal anatomy.
Classification based on pathogenetic activity 
F.Mannerberg (1960) distinguished two types of erosion according to activity, namely manifest and latent erosion. A manifest erosion, i.e. an actively progressing erosion, is clinically diagnosed by its enamel border zones. These are thin where they meet the exposed dentin. In the scanning electron microscope (SEM), they show a honeycomb enamel prism pattern, resembling that seen in acidetched enamel. Latent or inactive erosions which, through a change in the etiologic factor, are no longer subject to further decalcification, have prominent thick enamel borders and do not show a honeycomb enamel prism structure in shadowed replicas observed in the SEM.
Terminology based on localization 
Chronic regurgitation, be it of somatic or of psychosomatic origin, often leads to a typical distribution of erosion within the dental arches and on the teeth. This clinical finding has been termed perimolysis or perimylolysis. This pattern of erosion demonstrates loss of enamel on the occlusal surfaces with eventual relative elevation of any occlusal amalgam above the surface of the remaining tooth structure. Corresponding with the path of the regurgitated hydrochloric gastric acid over the dorsum of the tongue, along the palatal surfaces of the maxillary teeth, and over the occlusal surfaces into the mandibular vestibulum, perimolysis affects the maxillary and mandibular teeth in different ways. While affecting the palatal and occlusal surfaces of all teeth in the maxilla, the erosion is confined to the buccal and occlusal surfaces of premolars and molars only in the mandible. The buccal surfaces of the maxillary dentition are not contacted by the acid and are further protected by the neutralizing effect of the parotid saliva. The lingual surfaces of the mandibular teeth are covered by the tongue and are thus also spared from the acid. Additionally they are bathed in the pool of oral fluid from the submandibular and sublingual glands. A further feature of perimolysis is that restorations remain intact and project above the tooth surfaces. A recent study on risk factors in dental erosion was, however, rather guarded about any distinct intraoral distribution of erosion in relation to etiology.

The nomenclature and classification of erosion are summarized in Table 9. 
Table 9. Survey of nomenclature and classification of erosion

	Basis
	Nomenclature or Classification
	Etiology
	Clinical finding

	Source of acid
	extrinsic
	Diet, medication, swimming pool, industrial 
	Class I to III, predominantly labial and occlusal

	
	intrinsic
	eating disorders. gastrointestinal disorders, pregnancy, alcoholism
	Class I to III, predominantly perimolysis

	
	idiopathic
	unknown
	Class I to III

	Clinical severity
	Class I
	all possible
	Enamel only

	
	Class II
	all possible
	<1/3 of lesion in dentin

	
	Class III
	all possible
	>1/3 of lesion in dentin

	Pathogenesis activity
	manifest
	all possible
	actively progressing; thin enamel border zones, loss of lustre

	
	latent
	all possible
	inactive, stopped:  thick enamel borders, lustre

	Localization
	perimolysis/perimylolysis
	intrinsic
	predominantly palatal and occlusal surfaces in upper arch, buccal and occlusal surfaces of lower premolars and molars


Multifactorial etiology of tooth wear
Abrasion, demastication, attrition and abfraction 
The surface of erosive lesions is hypomineralized. Although enamel softening is not clinically detectable, erosion decreases the wear-resistance of dental hard tissue, thus rendering both enamel and dentin more susceptible to the effects of mechanical abrasion. As a consequence, erosion is in vivo frequently exacerbated by mechanical abrasion, such as toothbrushing immediately following an acid challenge. Erosive lesions may also be aggravated by demastication, especially in lactovegetarian patients, by attrition of incisal edges and cusps or possibly by abfraction at the cementoenamel junction. A clinical ex-post facto differential diagnosis between chemical and mechanical etiology is consequently often difficult, as the pathogenesis of any individual case may well be multifactorial.
Saliva 
Erosion has been studied in animals and in vitro. For obvious reasons, only clinical observations but no clinical trials have been made in humans. The effect of erosive agents in the human mouth may depend on many factors not yet elucidated, but erosion is certainly in some way influenced by salivary flow rate and buffer capacity as well as by the pellicle formed by salivary mucins. People with low unstimulated salivary flow rates showed a much higher risk for erosion, and patients suffering from idiopathic erosion had lower salivary flow rates than the controls. Erosion seems to be aggravated by insufficient salivary flow and/or buffer capacity. More research is, however, needed to elucidate the interactions between saliva and erosion.
Prevalence
Although the prevalence of dental erosion appears to be increasing, particularly among young people in several countries, this may be partly due to a greater awareness of the condition by dentists following an increased number of published case reports and other articles in recent years. From the following limited evidence, the prevalence of tooth erosion in selected primary and permanent teeth appears to be high in most of the populations sampled.

A national survey of United Kingdom children reported palatal enamel erosion of the maxillary incisors in 37 percent of 14-year-olds, and dentin exposure in 2 percent of 13 to 15-year-olds. By contrast, a Chinese survey of maxillary primary incisors only found enamel erosion in 4.9 percent and dentin or pulp exposure in 0.9 percent. A large Netherlands study found superficial enamel erosion in 30 percent, and deep enamel erosion in a further 11 percent, of 15 to 16-year-olds. Not unexpectedly, high percentages of people with vomiting in anorexia and bulimia nervosa and in chronic alcoholism, and of people whose work exposes them to acid fumes and acidic wines are reported to have tooth erosion. Summary findings from several other published prevalence studies of erosion in children have been tabulated in a recent review.

Clinical features
The most notable feature of dental erosion is the presence of smoothly glazed or silky and rounded tooth surfaces, which have lost all of their micro anatomical detail. Thinning of the enamel leads to increased incisal and proximal translucency, and yellowing of the teeth from the underlying dentin. Cervically, the enamel lesions are usually broad and shallow, often with poorly-defined margins. Active erosion results in the removal of stains, and the acquired dental pellicle and plaque, giving a very clean appearance. Saliva is required for the dental biofilms to reform before remineralization of the affected teeth can occur.

Exposure of the less-mineralized dentin results in a faster loss of material, with occlusal scooping or 'cupping' of the cusp tips initially and 'grooving' of the incisal edges being a common feature enhanced by abrasion from foods (Fig. 32). Unsupported enamel fractures away leaving jagged incisal edges. However, a narrow rim of sound enamel may be preserved adjacent to the gingival margins, possibly as the result of crevicular fluid exudates from healthy gingivae. The less soluble restorative materials present appear proud or to be raised above the surfaces of the affected teeth, and amalgam restorations appear non-tarnished.

On exposed root surfaces, erosion may simulate the softened leathery, but intact, dentin observed with incipient root surface caries. The erosive lesions are often very sensitive and dark, and are usually located on the facial and palatal surfaces of the maxillary posterior teeth and occasionally on anterior teeth. The lesions occur in elderly people who suffer from repeated episodes of gastric reflux, leading to periodic cycles of demineralization and remineralization of exposed root surfaces. A very low unstimulated salivary pH is usually present. These softened darkened lesions are very susceptible to toothbrush/dentifrice abrasion.

Extensive erosion will result in an unsightly appearance with shortened teeth, reduced masticatory function, and tooth sensitivity when the process is rapid. However, extensive lesions can be present without causing undue sensitivity from the exposed dentin. Occasionally, the dental pulps may become exposed and non-vital, particularly in primary teeth. Although tooth wear, apart from erosion, is a normal ongoing physiological process, the wear should be regarded as pathological when it results in psychological and health problems or appears to be excessive for the person's age.

ABRASION OF TEETH
Abrasion is the pathologic wearing away of tooth structure by some abnormal mechanical force. Abrasion is tooth surface loss due to friction caused by the abrasiveness of toothpaste and toothbrushes, which is necessary to remove biofilm and stains and to polish tooth surfaces. The rate of loss depends upon the degree of abrasiveness, magnitude of force, contact time, and frequency of physical contact. This most commonly occurs on exposed root surfaces and usually is related to a combination of age and an improper toothbrushing technique. Abrasives in toothpastes include silicates, alumina, calcium phosphate, and calcium carbonate. Manly showed non-significant changes caused by the toothbrush but that the hardness of the brush and the concentration of abrasive are important influences on wear caused by dentifrice abrasives and that the degree of influence depends on the abrasive. Toothpaste slurry abrasiveness affects abrasion and tooth surface loss, and a larger amount of slurry can be produced with softer rather than stiffer toothbrushes. Most ol these patients practice very good oral hygiene but use a horizontal toothbrushing technique that has resulted in abnormal tooth wear. Abrasiveness of the dentifrice and bristle stiffness does not seem to be correlated strongly.

The exposed cementum and dentin of the facial root surfaces typically exhibit notching that is oriented horizontally and adjacent to the gingiva. In about 20% of the cases, it is most severe on the quadrants opposite the dominant hand because of a tendency to brush longer or to use greater force on that side. The pulp typically is not exposed because the process proceeds slowly enough to allow for pulpal recession. The tertiary dentin filling the old pulp canal often can be visualized. Abrasive lesions have greater axial depth than the gingivo-occlusal distance and may possess sharp angles. On rare occasions, the crown can be undermined so severely by the deep notching that all or part of the crown fractures off.

Abrasion also may occur on the incisal or proximal surfaces. These patterns of abrasion most often are related to habits or occupations that involve biting or habitual placement of foreign objects between the teeth. Nails, toothpicks, bobby pins, and tobacco pipes are common culprits. In some cases, abrasion may be diffuse and closely resemble attrition. These examples typically arise secondary to abrasives being present constantly in the mouth. Such lesions are associated with use of tobacco products (containing silica contaminants) and industrial exposure to sand, cement, or stone dust. In one ironic case, a dental technician developed severe anterior abrasion from chronic oral exposure to porcelain powder. In these cases, pulp exposure also is rare.

ATTRITION OF TEETH
Attrition is the physiologic wearing away of tooth structure as a result of contact between adjacent teeth or with the teeth in the opposing arch. This wear can he found on the occlusal, incisal or interproximal surfaces. With time, it may lead to a reduction in both the height of the teeth and the length of the arch. In the absence of normal occlusion, attrition may be prominent on natural teeth which oppose restorations that are harder than typical enamel or dentin. If the teeth move vertically upon occlusal loading, the wear may be seen at the proximal surfaces of the adjacent teeth. Thus, attrition occurs in the occlusal and proximal surfaces and incisal edges. Both deciduous and permanent teeth may exhibit significant attrition. Severe degrees of attrition must be considered a pathologic process. At times, the distinction between attrition, abrasion, erosion, and abfrasion is blurred.

The mechanical forces affecting attrition include chewing, deglutition, and parafunctional habits. If these forces go unchecked, the enamel will develop wear facets that are usually flat and well circumscribed in both opposing arches. Bruxism and other similar habits may accelerate the process. Increased tooth wear has been associated with increased bite force, decreased occlusal tactile sensitivity, and a decreased number of teeth. Males exhibit greater degrees of wear, and the process is more prevalent in late adulthood. Pathologic conditions such as dentinogenesis imperfecta and amelogenesis imperfecta also may result in increased attrition. Pulp exposures typically are not seen because the process proceeds slowly enough to allow for pulpal recession.
CERVICAL (WEAR) LESIONS
‘Tooth surface loss’ or ‘tooth wear’ refers to the pathological loss of tooth tissue by a disease process other than dental caries (J.D.Eccles, 1982). Non-carious cervical lesions (cervical wear) are defined as the loss of tooth substance at the cementoenamel junction (Mair, 1992). Terms also used to describe these are ‘cervical erosion/abrasion’ lesions and ‘abfractions’. The term ‘abfraction’ evolved from the work by G.McCoy (1982), H.E.Lee and W.S.Eakle (1984), and J.O.Grippo (1991) and describes a theoretical process whereby occlusal forces create stresses in enamel and dentin along the cervical area and predispose it to erosion and abrasion. 

Non-carious cervical lesions present in a variety of forms. Historically, these have been classified according to appearance: wedge-shaped, disc-shaped, flattened, irregular, and figured areas. Generally, they vary from shallow grooves to broad dished-out lesions to large wedge-shaped defects with sharp internal and external line angles. Clinical studies and observations have shown that cervical wear lesions are often situated on the vestibular surfaces of teeth, seldom on lingual surfaces and rarely on proximal surfaces. They are also more pronounced on incisors, canines, and premolars and more prevalent in the maxilla than in the mandible.
The prevalence of cervical wear has been reported to vary between 5 and 85%. These studies support the findings of others that cervical wear involving loss of enamel is common, but that exposure of dentin is less frequent, with quotes ranging between 2 and 6%. From the few studies reporting the prevalence of cervical wear, maxillary teeth seem to be more frequently affected, perhaps because of their lingual tilt. Almost exclusively, the prevalence is reported on the buccal surfaces and rarely on the lingual surfaces of teeth. The teeth most commonly affected, are premolars and molars, with incisors being the least affected. Enamel wear was observed to be common, at around 60–70%, while dentin exposure varied between 0.6 and 5.6% of sites. In this sample, the prevalence and severity of cervical wear lesions appeared to increase with age.

There is some suggestion that the shape of the lesion is related to its etiology. One group of authors suggested, that those lesions with sharply defined margins could be caused by abrasive factors, whereas erosion produces broader, dish-shaped but shallower lesions. The same authors classified palatal erosion as a non-carious cervical lesion, despite the clinical observation that this pattern of erosion is not limited to the cervical area. The role of abrasion has been investigated in the laboratory and clinically. Most of the early laboratory studies were based on the hypothesis that brushing with toothpastes containing abrasives will wear teeth.

Early clinical work suggested that the orientation of the toothbrush influenced the wear of the teeth. From these studies, horizontal brushing was suggested as causing two to three times as much wear compared with vertical brushing. The lesions were observed more frequently on the side of the mouth opposite the hand holding the brush. The abrasion is accelerated with acid-softening or dissolution. The majority of laboratory and in situ studies support the hypothesis that a combination of erosion and abrasion increases wear.
Abfraction means ‘to break away’. Abfraction (stress-induced cervical lesions) is the newest documented cause of non-carious cervical lesions in teeth and is added to the list that also includes abrasion, attrition, and erosion. As such, the diagnosis is being used in many situations, some of which may be inappropriate. There remain many lesions that cannot be explained by toothbrush abrasion or erosion alone—for example, single-tooth lesions with unaffected teeth on either side. It is suggested that abfraction is the cause of cervical lesions. Abfraction lesions present primarily at the cervical region of the dentition and are typically wedge-shaped, with sharp internal and external line angles. Abfraction refers to the loss of cervical tooth structure secondary to repeated flexure of the tooth caused by occlusal stresses. It is thought that lateral occlusal forces bend the tooth with tensile stress concentrated in the cervical fulcrum area, leading to disruption of the enamel and dentin bonds. Once damaged, the area may be enlarged secondarily by abrasion, attrition, or erosion.

Engineering studies have demonstrated that when teeth are loaded in a horizontal direction, the effect of the stress becomes concentrated in the cervical region, causing flexure. It was postulated that tooth flexure from tensile stresses led to cervical tooth breakdown.

Later was hypothesized that the primary etiological factor in wedge-shaped cervical erosions was the impact of tensile stress from mastication and malocclusion. The wear is suggested to be created by a combination of bending and barreling deformations that cause alternating tensile and compressive stresses, which lead to a weakening of the enamel and dentin. The cyclic tension and compression may reach a fatigue limit and result in cracking or breakage of the tooth structure. At the same time, the opposite region comes under compressive stress. When the direction of the force changes (e.g., in bruxism), the tooth bends in the opposite direction, and the stresses correspondingly reverse at this cervical area. This bending of the tooth from side to side results in fatigue and fracture of the most-flexed zone. The interocclusal forces create physical microfractures, or abfractions, at the cervical region, which, in turn, result in wear.

It has been reported that enamel is weak in tension and the tensile phase of deformation therefore may cause disruption, allowing water and other small molecules to penetrate between the prisms and prevent reestablishment of interprismatic bonds on release of the stress. It was suggested that the cervical fulcrum area of a tooth might be subject to unique stress, torque, and moments resulting from occlusal function, bruxing, and parafunctional activity. These flexural forces would then disrupt the normally ordered crystalline structure of the thin enamel and underlying dentin by cyclic fatigue, leading to cracks, chips, and rupture. Ultimately, the enamel breaks away at the cervical margin and progressively exposes the dentin, in which the process continues. J.O.Grippo (1991) subsequently coined the term ‘abfraction’ and defined it as the pathological loss of tooth substance caused by biomechanical loading forces that result in flexure and failure of enamel and dentin at a location away from the loading. Also it was suggested that abfraction is the basic cause of all non-carious cervical lesions.
Clinical features. The typical lesion is a narrow and deep U- or wedge-shaped cervical concavity in enamel or dentin that exhibits sharp line angles and is located on the facial surface of the tooth at the fulcrum (Fig. 34). There is a higher prevalence in mandibular teeth, most likely because of the lingual orientation of the arch. Definitive diagnosis requires not only compatible tooth defects but also demonstration of lateral occlusal forces during mastication or parafunctional movements.
Tooth location. The investigators noted the position of the teeth, anterior or posterior, maxillary or mandibular, on a nominal scale. They also categorized the teeth as first molars, second premolars, first premolars, canines, lateral incisors or central incisors. 
The shape of the lesion by visually inspecting the vertical buccolingual cross section may be different: a saucer or a wedge shape. They categorized the acute angle formed by the occlusal and gingival walls on an ordinal scale as < 45 degrees, 45 to 90 degrees, 90 to 135 degrees and > 135 degrees.
Dimensions. The investigators measured lesions’ dimensions by using a periodontal probe. They categorized the axial depth, judged by the estimated ideal buccal contour compared to adjacent or contralateral normal teeth to the most axial portion of the lesion, on an ordinal scale as 1 to 2 mm, 2 to 3 mm, 3 to 4 mm and > 4 mm. The occlusogingival width is the vertical distance at the widest extent between the occlusal and gingival margins of the lesion, also categorized on an ordinal scale as 1 to 2 mm, 2 to 3 mm, 3 to 4 mm and > 4 mm. 
Extent of sclerosis. The investigators evaluated the extent of sclerosis by visual inspection and tactile feedback with a dental explorer, to determine extent of discoloration (yellow or brown), glassy appearance (shiny, hard or smooth) and translucency or transparency of the enamel/dentin. They categorized their observations on an ordinal scale as "none," "mild," "moderate" or "heavy".
Sensitivity. The investigators evaluated sensitivity by applying a blast of air from an air-water syringe at a distance of approximately 1 inch away, with adjacent teeth under rubber dam isolation. The application of air was for a maximum of five seconds. The subjective patient response of level of sensitivity (discomfort) was recorded on a 10-point continuous visual-analog ratio scale, ranging from "no discomfort" (a score of zero) to "extreme discomfort" (a score of 10).
Occlusion. Occlusion was observed by visual inspection. Observations were in multiple categories of nominal scales of Angle’s classification (Class I, II and III), excursive guidance (canine guidance, group function or a mixture), wear facets (absent or present) and ordinal scale of mobility (Type I, II and III). Angle’s classification and guidance were examined in the quadrant of the tooth in question. Wear facets were identified visually by flat, smooth surfaces on the cusp ridges, triangular ridges or inclined planes of the involved tooth. The investigators measured tooth mobility using pressure exerted between the ends of two mirror handles.
Management
Management of the complex etiological factors of tooth surface loss is of the utmost importance to prevent further loss. Restorative dentistry provided without such management is frequently unsuccessful and no evidence-based guidelines or studies exist for the prevention or treatment of tooth surface loss. It is incumbent on dentists to become cognizant of the reasons for tooth surface loss, because this will help them inform patients of the benefits to be gained by restoring such deficient areas.

Dentists also should have methods in place for preventing and dealing promptly with patients' complaints. The likelihood of receiving significant complaints from patients has increased dramatically in recent years. Most complaints are where the patients believe that the dental treatment or associated services are inadequate. However, occasionally, dental treatments may go badly wrong. There are four principal ways to avert formal complaints when dental treatment does not proceede in the way it should.

•    Prompt notification or acknowledgment. The patient should be informed immediately when unexpected difficulties arise during treatment. Discuss the solution options with the patient. Allow the patient the opportunity to express grievances

•    Be sympathetic. Listen actively to the patient's dissatisfaction, often with the use of reflection skills. This will render it possible for the patient's anger or distress to dissipate

•    Be apologetic. The patient does expect to receive some apologetic explanations of the error that has occurred. This does not necessarily imply an admission of liability or blame

•    Satisfy the patient by providing a full explanation, and the appropriate referral or alternative treatment which the patient finds the most acceptable.

Information about the recognition, prevention and treatment of tooth erosion for the general public would be beneficial. Other studies have found that mistaken health beliefs were responsible for severe gingival ulceration, and the intention to accept a mouth-screening procedure appeared to have improved after reading a leaflet on mouth cancer.

Specifically, dentists treating patients with tooth erosion should heed the following issues: 

• Seek confirmation from medical practitioners, psychologists and psychiatrists of any medical treatments that the patient is undertaking:

•    Provide preventive and reversible treatments only, until any psychological or psychiatric issues are resolved

•    Minimal intervention with minimally invasive tooth preparations and the use of adhesive techniques should be the first choice for irreversible treatments

•    No complex dental treatments should be carried out until any psychological or psychiatric treatments of the patient are confirmed by medical colleagues as being satisfactory to proceed

•    All complex full-mouth oral rehabilitation should only be carried out with the fully-informed consent of the patient

•    Referral for specialist care, when available, is preferred for advanced and complex restorative work.
Placement of tooth surface barriers. This can be achieved by the physical coverage and sealing of tooth surfaces with a thin layer of acid-resistant material, which also may incorporate fluorides and antibacterial compounds. Such materials include resin-based viscous varnishes, unfilled and lightly-filled fissure sealants, and filled dentin adhesives. They require monitoring for effectiveness and maintenance. Duraphat varnish (Colgate Oral Pharmaceuticals Inc., Canton, MA, USA) and Duraflor varnish (Pharmascience, Montreal, Canada) contain a high concentration of 5.0 percent NaF (22,600 p.p.m. available fluoride), which is released over many hours to form very long-lasting CaF2. Bifluorid 12 varnish (Voco GmbH, Cuxhaven, Germany) contains a high concentration of 6 percent NaF and 6 percent CaF2.

Adhesive resin-based and glass-ionomer-based materials may be used as physical tooth surface barriers against acids.

Thicker, longer-lasting materials include a thin wash of either low-viscosity conventional glass-ionomer cement (GIC) or a low-viscosity resin-modified GIC liner. However, these low powder-to-liquid ratio materials are susceptible to desiccation and acid erosion, and their effectiveness is limited by the extent to which tooth surfaces can be covered and protected. Provided that the interim and restrictive nature of the protective covering is recognized, then the cements can be effective in reducing dentin hypersensitivity and assisting the remineralization of root surface erosion lesions in particular. Fuji Triage/ Fuji VII (GC America Inc., Alsip, IL, USA/ GC International Corp., Tokyo, Japan) is available as a pale pink, command setting, high fluoride and strontium ion-releasing conventional GIC, which protects tooth surfaces from demineralization, and assists with remineralization repair.

When restorations are required, then adhesive-retained direct placement materials should be considered first, before the placement of more extensive indirect restorations, particularly in younger people. The use of microfine hybrid resin composites for anterior and posterior adhesive restorations preserves the remaining, sometimes limited, tooth structure. In regions of low stress, several of the more recent polyacid-modified resin composites ('compomers') have satisfactory esthetic and mechanical properties, and release similar amounts of fluoride to the viscous esthetic glass-ionomer cements (GICs). This fluoride release is enhanced in acidic conditions. One in vitro study reported that the inclusion of 1.56 percent w/w CPP-ACP into viscous glass-ionomer cement (GIC)  significantly improved several of its properties and the release of calcium, phosphate and fluoride ions, both in neutral and acidic pH. However, clinical studies are needed to assess the performance of the GIC in patients with xerostomia and dental erosion.

Compomers, resin composites and ceramic materials were less affected. Protracted in vitro exposure of direct placement tooth-colored restorative materials to Listerine (26.9% ethanol) also may result in surface damage. GICs are very susceptible to acid erosion and desiccation when first placed, but become less susceptible as they mature. Contact with saliva has been shown to increase

the surface hardness of several GICs, particularly after some years. An in vitro study assessing the wear rates of three restorative materials subjected to decreasing pH solutions and increasing occlusal loads, reported the highest wear rates for a conventional GIC, intermediate rates for a resin-modified GIC, and the lowest rates for a posterior hybrid resin composite.

Preventive Methods
Charting the teeth using a tooth surface loss index and, digital photography, digital surface mapping, and casts aid in monitoring and measuring the progression of tooth wear and assessing the effectiveness of the preventive program.49 

Medical conditions (e.g., gastric regurgitation, salivary gland diseases, chronic renal failure) that are contributing to a patient's tooth surface loss should be addressed and managed accordingly. When saliva cannot buffer the intrinsic or extrinsic acidity in the oral cavity in salivary hypofunction conditions, use of the sialagogues (pilocarpine HCl or cevimeline HCl) is recommended. In situations where medication appears to be causing xerostomia, including instances of acidic medications such as inhalers or liquid or chewable tablets, the xerogenic medication should be replaced with one with less xerogenic side effects, if the medical conditions permit. 

Diet should also be addressed in a preventive program. Patients should maintain a food diary for a week and analyze it to minimize acidic exposure in the oral cavity. Frequency and duration of introduction of acidity into the oral cavity must be reduced; drinking less acidic juices that are fortified with fluoride and minerals like calcium and phosphate should be encouraged. Consumption of neutralizing food, e.g., cheese, should be suggested. 

After consumption of food, rinsing the mouth with plain water, low-fluoride–containing rinse, milk, or baking soda (sodium bicarbonate) may help return pH to the normal range quickly. Also, brushing after acidic exposure in the oral cavity should be discouraged. Using less toothpaste and one with low relative dentin abrasiveness on a soft toothbrush with round-ended filaments should be encouraged. Altering brushing technique and applying less force should also be suggested.

In the presence of bruxism, treatment becomes extremely difficult and restorations usually fail. Treatment of bruxism may involve behavior modification, such as stress management and relaxation therapy, e.g., Yoga and other exercise, self-relaxation, and self-hypnosis. Mechanical devices such as mouthguards to protect the teeth from the forces of contact may also be effective. 
Remineralizing the Tooth Structure
Every attempt should be made to remineralize the tooth surface and minimize the progression of tooth surface loss. Fluoride helps with the reuptake of available calcium and phosphate present in saliva. Fluorides are available in various concentrations and can be applied by the patient (prescription-strength toothpaste), e.g., sodium fluoride (5,000 p.p.m.), or professionally via varnishes (26,000 p.p.m.). The reuptake of minerals can be enhanced by supplying or applying calcium and phosphate ions in various forms. Fluoride, sodium hexametaphosphates, ferrous sulphate, and stannous fluoride-containing mouthrinses work as anti-erosive agents.
Restoration of Teeth
Cervical lesions occur in a variety of forms depending on the type and severity of the etiologic factor, and not all lesions require restorations. The decision to restore non-carious cervical lesions is based on the desire to strengthen the tooth and decrease the theoretical stress concentration and flexure, mitigate lesion progression, prevent hypersensitivity and pulp involvement, improve oral hygiene and enhance esthetics. Treatment measures have included resin-based composites, glass ionomers or a combination of the techniques. Other treatment possibilities include metal restorations for posterior teeth, dentin-bonding agents and copal varnishes, fluoride therapy and desensitizing agents, night guard and occlusal adjustments, dietary modification and oral habit cessation. In tandem with cervical restoration, gingival recession and mucogingival defects may be corrected by root coverage procedures using grafting techniques (free and connective-tissue grafts) and non-grafting procedures (rotational and coronally advanced flaps, guided tissue regeneration) or a combination of these methods.

Although restoration is not mandatory, most teeth benefit from appropriate interventions. Of primary importance is elimination of the abnormal occlusal forces; without such intervention, the restorative failure rate is high. Due to their ability to flex with teeth rather than debond, microfilled resins and composite- glass ionomer restorative materials have been used in the restoration of these defects.

Physiological tooth surface loss does not always require treatment. Once the tooth surface loss is determined to be pathological, however, the appropriate treatment is deemed necessary. Active treatment depends upon individual considerations and the needs of the patient, the degree of damage, the skill of the restorative dentist, time, and cost. Numerous reasons, based on accepted engineering principles, indicate that non-carious lesions should be restored. The etiological factors must be determined and controlled to initiate active dental restorations in order to confirm the success of the treatments rendered.

While restoration of worn teeth is easily done on non-occluding surfaces, the restoration of teeth with non-carious cervical lesions may not increase fracture resistance. These restorations require minimal tooth preparation and roughening of the lesions because these actions do not increase the retentiveness of the restorative materials. The primary cause of failure in non-carious cervical restorations is microleakage.

If the centric relation and centric occlusion in the presence of tooth surface loss is the same, or the dento-alveolar compensation has occurred, the teeth should be restored. The restorations can include Class V or palatal restorations, or reproduction of the cusps. Also, restorations can include covering the affected tooth surfaces with resin-based composites, using a sandwich technique, or placement of metallic, porcelain-fused-to-metal, or ceramic crowns.

If the freeway space has increased due to tooth surface loss, position of the centric relation should be established with a stabilization splint and the teeth restored to the existing facial height. If the freeway space is normal, i.e., in dento-alveolar compensation, a stabilization splint should be used at increased vertical height. If the splints are tolerated then the restoration should be done at this increased vertical height; however, if they are not tolerated then a crown-lengthening procedure should be considered.
Conclusion
Tooth surface loss and the resulting non-carious lesions are issues that can be difficult to diagnose correctly and treat successfully. The etiology of the tooth surface loss can be determined by reviewing the potential causes for each patient and by observing the pattern of wear, as the loss is exhibited in different patterns and on different surfaces of the teeth for varying types of tooth surface loss (i.e., erosion, attrition, abrasion, and abfraction, or a combination). Determining the etiology and preventing further tooth surface loss, which requires using proper preventive methods, good management, and the appropriate restorations, is necessary for restorations to be successful.

DENTINAL SENSITIVITY
The effects of tooth surface loss vary depending on the severity of the tooth tissue loss. These effects include loss of thickness of enamel and exposure of the underlying dentin, translucency, and yellowing. Also, the occlusal surfaces may display wear facets, or the cusps may flatten. When tooth surface loss and tooth wear continue, the exposure of dentinal structures leads to tooth sensitivity. However, in some cases, such as the formation of a smear layer, secondary dentin, dental sclerosis, or even burnishing actions of toothbrushes, there may not be any hypersensitivity.

Dentin hypersensitivity (dentin sensitivity) occurs when exposed open dentinal tubules are subjected to pain-inducing thermal, evaporative, tactile, chemical and osmotic stimuli of sufficient intensity. The pain felt is sharp, short and localized to the region stimulated.

Dentin becomes exposed on root surfaces following gingival recession with loss of cementum, and exposed coronally following loss of enamel. Although the smear layer is readily removed from the openings of dentinal tubules by acids, sensitivity is often not a significant cause of complaints from patients with dental erosion. Sensitivity is usually more frequent in younger people when the coronal erosion process is rapid, and in older people with exposed root surfaces. In such situations, the presence of sensitivity can be used to monitor the response to treatment.

Attempts at controlling dentin sensitivity have a long history of inadequate methods. Obviously, the cause of the problem should be determined before prescribing treatments. These treatments usually involve attempts to occlude the tubules by using a wide range of impermeable substances, many of which have a limited duration of effectiveness. Occluding the tubules prevents the hydrostatic pressure effects of dentinal fluid flow, which activates intra-dental nerve discharges to cause pain.

Tubule-occluding substances include either repeated applications of topically-applied desensitizing dentifrices, pastes, gels and varnishes, or the placement of more permanent, wear-resistant adhesive resin coatings and restorative materials. An extensive review of the efficacy of commonly-used potassium salts in dentifrices concluded that any desensitizing actions may be due to the tubule-occluding effects of constituents other than the potassium salts. Significant placebo effects were reported in several controlled studies, and dentifrices containing strontium salts or fluorides also appeared to have only a minimal effect on dentin sensitivity after prolonged use in clinical trials. More recently, the use of amorphous calcium phosphate was shown to reduce significantly, the severity and duration of dentin sensitivity caused by a carbonate peroxide tooth bleaching gel. Inappropriate tooth brushing, by removing acid-softened pellicle and dentin, will negate any tubule-occlusion properties of the dentifrice.

Dentin tubules can be occluded and the dentin remineralized by applying glass-ionomers to sensitive regions. A low powder-to-liquid ratio of either conventional or resin-modified glass-ionomer cement is manipulated as a thin layer over the surface of the sensitive dentin. High levels of fluoride and other ions are released to assist in remineralization of the surface.

In the absence of inflammation, hyper reactive pulpalgia, or dentinal sensitivity, is the mildest form of pulp discomfort. The pain is often characterized as a short, sharp, shock, and it is brought on by some stimulating factor—heat or cold, sweet or sour, acid, or touch. It is never spontaneous. The reaction patients experience to heat or cold after a new restoration is quite typical of dentinal sensitivity. Even biting down on a foil candy wrapper sends a shock between two dissimilar metals—gold and silver. Probably the most familiar example is the shocking pain, up through the eye, that occurs while eating ice cream. It is not pathologic, but, rather, involves fluid flow in the dentinal tubules that stretches or compresses the nerve endings that pass alongside the tubular extensions of the pulp odontoblasts.

Dentinal sensitivity may develop when dentin is exposed from gingival recession or following periodontal surgery. The nerves in these exposed tubules respond not only to heat and cold and sweet and sour but also to scratching with an instrument or a finger nail and to tooth brushing. For this reason, patients often avoid brushing the area. The subsequent plaque buildup only worsens the situation.
Examination. Examination of dentinal sensitivity is quite simple: apply the irritant that sets off the painful reaction—heat or cold, sweet or sour, or scratching with an instrument. Radiographic results are generally normal, as are electric pulp tester readings and percussion. The pulp condition is totally reversible.
Treatment. An insulating cement base under amalgam fillings prevents the shock of heat or cold to the pulp. Eventually, irritation dentin will build up to protect the pulp from thermal shock. Marginal microleakage around restorations may also lead to hypersensitivity owing to bacterial invasion and irritation. Acidic soft drinks may cause a washout of the smear layer that obstructs the dentinal tubuli. Removal of the smear layer before placing a restoration and coating the exposed dentin with a dentin bonding agent such as Touch & Bond (Parkell Co., Farmingdale, NY) protect the tubuli opened during preparation and even serve as insulation in place of a cement base.

Sealing dentinal tubules that terminate at the cementum but become exposed to the oral environment following periodontal surgery may be accomplished by applying potassium oxalate or strontium chloride, fluorides, or dentin bonding agents. Sodium fluoride (2%) applied by iontophoresis, Desensitron (Parkell Co., Farmingdale, NY), has also proved effective for blocking the dentinal tubules. There are also a number of toothpastes that contain 5% potassium nitrate that apparently do not block the tubules but “numb” the nerve endings. These are sold in most drugstores as GUM (John O. Butler Co.), Sensodyne and Aquafresh Sensitive (GlaxoSmithKline), and Colgate Sensitive (Colgate-Palmolive Co.). Although the fluid still flows in the tubules, the nerves are “unexcitable.” Finally, the application of dentin adhesives such as Brush & Bond (Parkell Co.) to the root surfaces of hypersensitive teeth has proved very effective. The roots must be scrupulously clean of dental plaque before the adhesive application. All of these modalities of root desensitization have a good “track record” of relieving dentinal sensitivity. Again, since the condition is non-inflammatory, it is completely reversible.

RADIATION EFFECTS ON THE TEETH
A review of childhood cancer survivors has demonstrated that therapeutic radiation and, to a lesser extent, chemotherapy can induce developmental abnormalities of the dentition and craniofacial skeleton. The tooth germs are sensitive to such external stimuli and are easily damaged. The pattern and severity of the dental alterations are related to the child's age at the time of treatment, the form of therapy, and the dose and field of radiation. The most extensive findings are seen in patients receiving therapy between the ages of 1.0 and 5.5 years, the time of initial root formation for all permanent teeth except the second and third molars.

It is well documented that radiotherapy may produce both qualitative and quantitative dental abnormalities, whereas chemotherapy alone typically, but not always, creates only qualitative defects in enamel. The most frequently noted quantitative defects are white-to-cream - colored areas of enamel hypo maturation. The pattern of qualitative defects varies according to the timing of the injury. If the crown calcification has not been completed, the tooth maybe absent totalis or be rudimentary. If the crown was formed but root development was not complete at the time of radiation, the tooth may exhibit short, pointed roots. Individual differences in the degree of developmental alterations between same-age patients receiving identical therapeutic regimens are evident.

TETRACYCLINE STAINING OF TEETH
If tetracycline is administered to pregnant women or to children younger than age 8 years, it may he incorporated into the dentin of developing teeth. Initially, this produces a yellow or gray-to-brown discoloration of the affected teeth. When exposed to ultraviolet light, the teeth will fluoresce a bright yellow. The color of the teeth is more brilliant immediately after eruption and becomes browner with exposure to light (Fig. 35). Long courses of the antibiotics normally are required to produce the staining. Occasionally, enamel hypoplasia also is seen: it is uncertain if these changes are caused by the drug or are secondary to the disorder that required use of the antibiotic. When the drug is required for a life-threatening problem, oxytetracycline or doxycycline should be used because they tend to produce less severe tooth staining.

Tooth discoloration is not restricted to the developing dentition of children. In patients using forms of tetracycline (especially minocycline) for long periods of time, significant discoloration of the teeth is possible in adults. This is thought to be due to incorporation into physiologic secondary dentin that continues to be deposited throughout life. In addition to tooth discoloration, minocycline use has also been shown to cause pigmentation of the bone, skin, nails, sclera, conjunctiva, and thyroid.

Mild cases of discoloration may be bleached externally. Although more severe cases may be bleached internally, most clinicians choose facial veneering with composite rosins or porcelain. In teeth with significant enamel hypoplasia, complete crown coverage often is beneficial.
EXTRINSIC STAINING OF TEETH
Abnormal colorations of teeth may be due to intrinsic factors (tetracycline therapy, hyperbilirubinemia, etc.) or extrinsic influences. Frequently encountered extrinsic causes include bacterial stains, tobacco, foods/beverages, gingival haemorrhages, restorative materials, and medications. Common foods associated with significant staining of teeth include coffee, tea, and foods that contain abundant chlorophyll. Use of tobacco products often results in widespread discoloration of the pits and fissures, with more diffuse coverage occasionally noted. When the smooth surfaces arc affected, the lingual portion of the mandibular incisors typically is involved initially and most extensively.

Recently, extrinsic staining has been associated with use of several popular oral antimicrobial mouthwashes, Chlorhexidine-containing and, to a lesser extent; essential oil/phenolic rinses have been associated with extrinsic staining. Accumulated evidence strongly suggests a dietary influence in the staining. Although many foods may be responsible, beverages such as tea, coffee, and red wine synergistically influence strongly the staining capability of these mouthwashes. Attempts to negate the staining characteristics of the antimicrobial rinses have been successful but have resulted in diminished antiplaque qualities.
PINK TOOTH OF MUMMERY
Pink tooth of Mummery refers to a rosy pink discoloration of the crown of a tooth, usually at the neck. Most frequently, this arises secondary to internal resorption in which the hyperplastic pulp tissue within the chamber enlarges at the expense of the coronal dentinal walls. On thinning of these walls, the pink, vascular pulp tissue may show through the thin enamel.

On occasion, a pink tooth may be seen secondary to undermining external resorption. One pattern of aggressive external resorption is termed "invasive or cervical resorption" and typically begins along the root surface in the cervical area below the epithelial attachment. Once initiated, the resorption can proceed in several directions and can extend coronally under the enamel, creating a pink discoloration of the crown.

CHAPTER 4

DENTAL CARIES
Dental caries (tooth decay) and periodontal disease are probably the most common chronic diseases in the world. Although caries has affected humans since prehistoric times, the prevalence of this disease has greatly increased in modern times on a worldwide basis, an increase strongly associated with dietary change. However, evidence now indicates that this trend peaked and began to decline in many countries in the late 1970s and early 1980s, and the decline was most notable in certain segments of the population of the United States and Western Europe. The decline in caries in developed countries such as the United States has been most prominent in the upper and middle classes, while the lower socioeconomic classes and rural residents have retained a higher prevalence of tooth decay. . In 1986, Walter Loesche described caries and periodontal disease as "perhaps the most expensive infections that most individuals have to contend with during a lifetime.

A dental caries (caries dentis, from Latin - caries - decay) is a pathological process which manifests as demineralization and destruction of hard tooth tissues forming caries cavity. Dental caries is an infectious microbiologic disease of the teeth that results in localized dissolution and destruction of the hard tooth calcified tissues.
As a disease of man a caries is known from deep antiquity, possible information about this illness appearing in written manuscripts already near a 3000 year B.C. An examination of prehistoric crania found in the various museums indicated that the percentage of carious teeth ranged from 2 to 7%. At that time caries yet was not enough widespread illness, but in more late epoch (Middle Ages) its prevalence begins to increase. It links with the nutritional changes of people, environmental conditions and modus of life. By the year 1850 there were a rapid dietary change in the direction of increasing consumption of sugar and milled wheat products by all segments of the population. In the 19th century, caries experience in England increased rapidly after 1850. Since the eighteenth century, the caries prevalence begins sharply increase and in the twentieth century its prevalence in some regions of world arrives at 100%. Now there is different level of caries prevalence from 1-3% in the countries of Western Europe to 80-97% in the countries of Africa, Asia and former Soviet Union. It is explained alongside factors: by the character of nutrition (above all things excess of carbohydrates in food (sugar and milled wheat products) and relative lack of proteins in the nutritional ration), low concentration of fluoride and other macro-, microelements in a drinking-water, social and climate conditions.

At epidemiology researches for estimation of the state of teeth the some indexes were used: caries prevalence, intensity, morbidity (increase of intensity during some time interval). The number of individuals in a population having a disease at a specific point in time is known as the prevalence of the disease.
Caries prevalence (latitude) is calculated by dividing of quantity of persons which have caries lesion, filling and removing teeth (regardless of quantity of caries teeth at each of them) on the common number of inspected and is expressed in percents:

number of persons with caries teeth
Caries prevalence= ------------------------------------------------------ Х 100%

number of the inspected persons 
The number of individuals developing new cases of disease in a population over a specific period of time, usually 1 year, is the incidence of the disease.
It is relatively simple to quantify the extent of previous damage to the permanent dentition by a measure known as the DMF index, where D represents the number of decayed teeth (surfaces), M the number missing and F the number of filled teeth (surfaces). The DMF index is the sum of these components. It is an arithmetic index of the cumulative caries attack in a population. The designation DMF(T) is used to denote decayed, missing, filled teeth; DMF(S) denotes decayed, missing and filled surfaces in permanent teeth and therefore takes into account the number of surfaces attacked on each tooth. A similar index for primary dentitions is the def(t) or def(s) index, denoting the number of decayed, indicated for extraction or extracted due to caries (to differentiate from loss due to natural exfoliation) and filled teeth or surfaces, respectively.

The DMF/def index can be used to quantify both the caries prevalence and caries incidence in a given population. Prevalence refers to the number of persons or the proportion of a population afflicted by a disease or condition at a given moment of examination. In the case of dental caries, prevalence refers to the proportion of the population with caries experience, past or current. The incidence of disease refers to the numbers or proportion of persons developing disease in a specified interval of time, usually a year. In the case of dental caries, this would mean the proportion of people developing one or more carious lesions during the given time period.

In dentistry, however, it is more common to employ a modified form of this index called the caries increment. This latter measure refers to the number of new caries lesions occurring in a specified time interval, either for an individual or averaged over a population. The assessment of the caries increment involves at least two examinations - one at the beginning and one at the end of the period in question.

According to the W.H.O. recommendations at the different level of DMF there are five levels of intensity of caries: very low, low, middle, high and very high (Table 10).
Table 10. Level of caries intensity 
	Level of caries
	Index of intensity (DMF)

	
	at children 12 years
	 at adult 35-44 years

	 Very low
	 0,0-1,1
	 0,2-1,5

	 Low
	 1,2-2,6
	 1,6-6,2

	 Moderate
	 2,7-4,4
	 6,3-12,7

	 High
	 4,5-6,5
	 12,8-16,2

	 Very high
	 6,6 and higher
	 16,3 and higher


Sometimes for the more of complete and exact estimation of the condition of teeth measured the DMFS index which takes into account the number of caries cavities (affected surfaces) and filling. Unlike the index of DMF the common number of caries cavities and filling regardless of number of the affected teeth is here counted up. That is, if in one tooth there are three separate caries cavities, than in the index of DMF it is counted for one, and at the DMFS (cavities) index – it is for three units. Especially demonstrative there is this index in particular case at low intensity of caries.


Incidence of the disease (increase of caries, increase of intensity of caries) is this middle number of new teeth affected by caries which has arisen for the definite time interval of calculating on one inspected person. Usually the increase of caries is calculated through a one year period, and with the active course of pathological process (active caries) - over 6 months.


These epidemiology indexes of caries prevalence during epidemiological investigations of population must be taken into account in different age groups. It is related to a different susceptibility to the caries development in children and present in their abrasiveness deciduous teeth and also accordingly they must be taken into account in adults. The age groups of adults in accordfnce to recommendations of W.H.O. are divided into youths, persons of middle and elderly ages.


A different prevalence and intensity of caries at the population depends of a number of factors. Geographical factors, such as climate, sun insulation is very important, also contents of different mineral salts (calcium, phosphorus) and some microelements (fluoride) in soil and drinking-water.


According to modern conceptions, one of the main etiologic factors of caries development is there disturbance of rational, correct character of nutrition. In the diet of modern man there is prevalence of thoroughly cooked food, and refined food products with big contents of carbohydrates (especially sucrose). When cooking food plenty of its components necessary for the human organism are lost. The unbalanced diet results in the deficiency in the organism of irreplaceable substances: some vitamins, amino acid (lysin, arginine) and other. The significance of rational nutrition is confirmed by numerous amounts of epidemiology, clinical and experimental researches.

A familial pattern of caries experience has shown that children of parents with low caries experience also tend to have a low caries experience; the converse is true for children whose parents have a high caries rate. Siblings of individuals that are caries-free exhibit a low caries rate. The studies suggest that genetically determined factors, such as tooth morphology and occlusion, may play a significant role in determining caries rates. Nevertheless, environmental factors, such as diet and dental care, are more significant than hereditary factors and are even more responsible for the observed caries pattern in families.


Prevalence of caries depends of men’s ages, that it is related with different quantity of teeth in children and adults and their susceptibility to the caries (primary teeth easier affected by caries, than permanent). It is taken into account in scientific investigations and in children relatively low in numeral expression index of DMF +df can be considered as an index of very high intensive of caries. By the numerous investigations considerable sexual differences are not revealed in prevalence and intensity of caries. Only in some periods of life, for example, at pregnancy, susceptibility to the caries increases in women, that can be expressed in the increase in number of them with caries lesions.


The general condition of human organism, in particular, the carried and concomitant systemic diseases, have a definite influence on intensity of caries. There is higher prevalence of caries in children that carried infectious and systemic diseases. The considerable influence on caries development made the general changing of immunological reactivity of organism.

The status of oral hygiene and level of teeth brushing is one of important factors of caries development. The regular care of teeth with the use of modern prophylactic and hygienic measures is the very effective method of caries prophylaxis. Up to a point the uneven cleansing of different teeth is expressed in frequency of caries development in separate teeth. Frequently caries develops in teeth with very complicated anatomical form of crowns with plenty of pits and fissures.

Individual teeth and surfaces have vastly different susceptibilities to dental caries. The most frequent site of caries attack is the occlusal surface of first and second permanent molars. This is the reason why occlusal fillings and sealants, to obliterate pits and fissures, are used predominantly on those surfaces. In general, susceptibility of teeth increases posteriorly in the oral cavity. Molars are more susceptible than incisors not only because of their posterior location but also because of the anatomy of molar teeth. The pits and fissures and the wider interproximal contact areas are not easily accessible to cleansing action.

On the basis of overall caries patterns permanent teeth can be grouped according to their susceptibility to caries, from the most to the least susceptible, as follows:

Lower first and second molars, upper first molars

Upper second molars

Upper premolars

Upper incisors

Upper canine

Lower premolars

Lower incisors

Lower canine

The analysis of the DMFS (cavities) index allows the revealing of which surfaces of teeth are most often affected with caries. A caries of contact surfaces of teeth, occlusal surface and root, prevails in the permanent teeth. The symmetric lesions of teeth, which explain by the identity of terms development and anatomic structure of the affected teeth, is also characteristic features.


The susceptibility of teeth to the caries influence and also the disturbance of structure of their hard tissues, are quite often as a result of systemic diseases, systemic disorders of organism and others factors.

THEORIES OF THE DENTAL CARIES
Dental caries is the most known and widespread illness of a man. In spite of lately attaining successes in caries prophylaxis and medical treatment in the countries of Western Europe and North America caries still remains the most widespread disease.

The problem of caries development interested many researchers still and those from times of antiquity. Depending on the degree of development of science and medicine different theories of caries development were presented. Therefore no wonder that to the present time a lot of different conceptions of caries were proposed.

Probably the earliest reference to tooth decay and toothache came from the ancient Sumerian text known as the “Legend of the Worm”. It was discovered on a clay tablet, excavated from an ancient city within the Euphrates Valley of the lower Mesopotamian area, which dates from about 5000 ВС. The cuneiform text refers to the creation of the Heavens, the Earth, the Marshes and the latter created the Worm.

The legend of the worm faded over the early centuries as the Greek physicians advanced the humoral theory of disease. The four elemental humors of the body were blood, phlegm, black bile and yellow bile. According to Galen, the ancient Greek physician and philosopher, “dental caries is produced by internal action of acrid and corroding humors”. An imbalance in these humors resulted in disease. 

It was almost certainly apparent to the early physicians, Hippocrates, Celsus, Galen, and Avicenna, and to more enlightened physicians of the Middle Ages, that teeth are an integral part of the body, and that they were vitally affected by and in turn affected the body. A vital theory of tooth decay was advanced, towards the end of the 18th century, which postulated that tooth decay originated.
Vital Theory. It was almost certainly apparent to the early Greek physicians, Hippocrates, Celsus, Galen, and Avicenna, and to more enlightened physicians of the Middle Ages, that teeth are an integral part of the body, and that they were vitally affected by and in turn affected the body. A vital theory of tooth decay was advanced, towards the end of the 18th century, which postulated that tooth decay originated, like bone gangrene, from within the tooth itself. A forerunner to this theory may have been the observation that internal resorption occurs in some teeth, or from the presence of deep, undermining carious lesions with but pin-point surface involvement of a pit or fissure.

In the ancient Rome the physician Scribonius (Scribonius Largus) believed that the very little invisible to the eye worms were an etiologic factor of caries. This theory was popular also and in the Middle Ages and lasted till about the middle of the 19th century. The great surgeon of the Middle Ages, Guy de Cahuliac (1300-1368), still espoused the belief that worms cause dental caries. Fumigation devices consisting of burning of leeks and hyocyamus (an alkaloid) were used. The large supporter of this theory for example was Pierre Faucharde famous French dentist of the eighteenth century. In his work “Le chirurgien dentiste, ou, traite des dents (The Surgeon-Dentist, or, Treatise on the Teeth)” published in 1728 he distinguished two groups of etiologic caries factors: 1) bad fluids of organism (blood and lymph) or internal diseases; and 2) external influences (worms).
Chemical (Acid) Theory. In the 17th and 18th centuries, paralleling new insights into chemistry, where emerged the concept that teeth are destroyed by acids formed in the oral cavity. The acids implicated were inorganic, an unfortunate choice, since their origin could not be easily accounted for by advocates. One suggestion was that putrefaction of protein gave rise to ammonia which was subsequently oxidized to nitric acid; another was that food in saliva decomposed to form sulfuric, nitric or acetic acids. Robertson in 1835 proposed that dental decay was caused by acid formed by fermentation of food particles around teeth. Dental caries was thought to develop as a result of the infiltration and decomposition of the enamel cuticle, the interprismatic substance of enamel and finally dentin. An explanation of the mechanism by which microorganisms caused decay was not attempted until later.

CHEMICO-PARASITIC THEORY OF CARIES DEVELOPMENT
A synthesis of the ideas that acid and microorganisms were involved in the etiology of dental caries did not occur until 1889 when W. Miller, an American working at the University of Berlin, published a text entitled “The microorganism of the oral cavity”.
Miller's work at the University of Berlin was crucial to the development of the chemicoparasitic theory, the essential features of which are as follows:

- That the microorganisms of the mouth, by secretion of enzymes or by their own metabolism, degrade the fermentable carbohydrate food material so as to form acids: lactic, butyric, acetic, formic, succinic and other acids. For such demineralization (in opinion of author of theory) the considerable decline of reaction (pH) of oral fluid was needed to the value of pH=4,5 and below.

- Carbohydrate food material (sugar) lodged between and on surfaces of teeth is the source of the acid which demineralized the hard tooth tissues. Thus, the enamel is destroyed by the acid of fermentation and the disintegrated enamel is subsequently mechanically removed by forces of mastication.

- After penetration of the enamel, the dissolution of dentin is brought about in the same manner with the organisms penetrating along the dentinal tubes.

- The final breakdown of dentin results from the secretion of proteolytic enzymes that digest the organic part of dentin and form a cavity.

The significance of Miller's observations is that he assigned an essential role to three factors in the caries process: the oral microorganisms in acid production and in proteolysis; the carbohydrate substrate which microorganisms fermented, and the acid which causes dissolution of tooth minerals.

It is necessary to emphasize that except for only local action of microorganisms on hard tooth tissues for the caries development W.D.Miller considered necessary actions of other unfavorable factors. Among them were the character of diet (especially with big amounts of sucrose), some characteristics of saliva, heredity factor, composition and structure of hard tooth tissues, social status and others.
Miller's chemo-parasitic theory is the backbone of current knowledge and understanding of the etiology of dental caries. But it had a lot of weak points, for example, the position about the necessity of considerable decline of pH saliva in acid side (to 5,0 - 4,5) needed for a demineralization of dental enamel. Morphological research of teeth with the experimental caries did not reveal the complete identity with a caries lesion. In a theory many other biological aspects were not taken into account, for example, presence of processes of exchange in hard tooth tissues, as W.D.Miller considered that the enamel of tooth is like a mineral structure. However the future supporters of this theory had result of having a sufficient slender system that got experimental and clinical confirmation.

PHYSICAL-CHEMICAL THEORIES

In attempts to eliminate the weak points of chemical-parasitic theory (for example, absence of significant decline of reaction (pH) of saliva to below than value of pH 5,0-4,5 new theories of caries development which had physical and chemical character were elaborated. So, in 1923 the theory of swelling of organic matrix of enamel was pulled out. In obedience to this conception, beginning of caries was determined not to be enamel demineralization, but the damage (by swelling) of its organic matrix. Dental caries developed as a result of cooperation of two factors: swelling of organic matrix of enamel and properties of saliva which surrounds a tooth and causes this swelling. A deciding role belongs to the content of salts in an oral fluid, which promotes or hinders the swelling of enamel colloids. This property of saliva is determined by the contents of neutral salts within it. The swelling of acid or alkaline solutions decreases with neutral salts. Thus, in obedience to this theory the reaction of saliva does not form a considerable part in the caries development.

PROTEOLYSIS-CHELATION THEORY

This theory proposed by Schatz et al. [1955] implies a simultaneous microbial degradation of the organic components (hence, proteolysis), and the dissolution of the minerals of the tooth by the process of chelation.

A brief explanation of chelation will permit a clearer understanding of this theory of dental caries. The word “chelate” is derived from the Greek word “chele” meaning claw, and refers to compounds that are able to bind metallic ions as calcium, iron, copper, zinc and other metals, by the secondary valence bonds. The resulting chelates are nonionic and usually soluble. Biological substances such as amino acids, and other chelators may be used to remove calcium and other metal ions from a solution. There are many other biochemical compounds that form biological chelates. Citrate forms a soluble, diffusible, anionic calcium citrate complex involving two ionized carboxyl groups and the unshared electrons of the hydroxyl groups. This complex is most stable at an alkaline pH.

According to the proteolytic-chelation theory, dental caries results from an initial bacterial and enzymatic proteolytic action on the organic matter of enamel without preliminary demineralization. Such action, the theory suggests, produces an initial caries lesion and the release of a variety of complexing agents, such as amino acids, polyphosphates and organic acids. The complexing agents then dissolve the crystalline apatite.

However, the process of caries destruction of hard tooth tissues is very complex and realized by many different mechanisms. The proteolysis-chelation does take enough insignificant place in the caries development.

CURRENT CONCEPT OF CARIES DEVELOPMENT
Interaction between three primary factors is essential for the initiation and progression of caries: a susceptible host tissue, the tooth; microflora with a cariogenic potential; and a suitable local substrate to meet the requirements of the pathodontic flora. The tooth is the target tissue destroyed in the dental caries process. The cariogenic oral flora which is localized to specific sites on teeth is the agent that produces and secretes the chemical substances (organic acids, chelating agents and proteolytic enzymes) that cause the destruction of the inorganic components and the subsequent breakdown of the organic moieties of enamel and dentin. The local substrate provides the nutritional and energy requirement for the oral microflora, thereby permitting them to colonize, grow, and metabolize on selective surfaces of teeth. The third factor, the resistance of the tooth, is obviously important since this determines the overall effect of the attack.

According the modern conceptions of caries development (E.V.Borovskiy et al., 1979, 1982) there are few groups of cariogenic factors. There are factors of systemic character, local and related to resistance of hard tooth tissues. To systemic factors belong non sufficient diet and drinking-water (the especially low contents of fluoride in water), systemic diseases and disorders, extreme unfavorable influences. Local factors are the dental plaques, microflora, disturbance of saliva composition and property, carbohydrate food rests. Disturbances of resistance of dental hard tooth tissues are related to their inferior structure, defects of chemical composition, unfavorable genetic code (by the hereditary propensity of hard tooth tissues to the caries). This means that the separately taken cariogenic factor or their group, affecting a tooth, made it susceptible to influence of direct cariogenic factors (acids), creating, thus, a cariogenic situation. However, only cooperation of different groups of cariogenic factors (Table 11) creates favourable conditions for the caries development.
Table 11. Groups of cariogenic factors
	Systemic cariogenic factors
	Local cariogenic factors
	Disturbance of tooth tissues resistance

	Insufficient diet and drinking water
	Dental plaques;
	Defects of structure;

	Systemic diseases and systemic disorders
	Microflora;
	Defects of chemical composition;

	Extreme unfavorable influences
	Disturbances of properties and composition of saliva;
	Unfavorable genetic code;

	
	Carbohydrate food rests
	


The systemic cariogenic factors
Insufficient diet and drinking water. Development, forming and subsequent existence of teeth to a great extent rely on the man’s nutrition, disturbance of which results in the development of their diseases, including dental caries. The most credible cariogenic action is made from excess of carbohydrates in a food, deficiency in mineral salts and microelements, and soft consistency of food. With the numerous clinical investigations of people that had ingested a lot of carbohydrates within their diet it revealed a considerable prevalence of caries. Especially it was expressed at the use of both sucrose and glucose. The most unfavorable action was rendered in children's age, when hard tooth tissues were not yet fully mineralized.
Cariogenic action of excess of monosaccharides and disaccharides in the diet was wholly confirmed alongside experiments of caries modeling in animals. It was revealed, that most a cariogenic effect is rendered by sucrose, in a lesser measure by glucose and then other carbohydrates. Cariogenic action of carbohydrates shows up anymore in their direct contact with hard tooth tissues in the oral cavity.

Some value for possible caries development has deficiency of calcium and phosphorus in a drinking-water, because these elements are the main mineral components of hard tooth tissues. At the same time prevalence of caries in regions with a low mineralize («soft water») and high mineralize («hard water») drinking-water is almost identical, that confirms large meaningfulness of caries development due to other factors, for example, contents of fluoride in a drinking-water. It was revealed by epidemiology researches that a high prevalence of caries in people who use water with insufficient (less than 0,8 mg/l) contents of fluoride in it. Expressly enough this dependence comes to light and is confirmed by data about insignificant prevalence of caries in regions where optimum fluoride content in a drinking-water (1-1,5 mg/l), and also favourable caries prophylactic action of fluoride, additionally entered in drinking-water or organism as different compounds. Definite part in the caries development belongs to some other microelements, surplus of which (selenium), or insufficiency (vanadium, iron, copper, zinc), in the drinking-water can provoke the caries development (N.A.Kodola, 1979).


A definite influence on the caries development had the consistency of food. Modern thoroughly cooked soft food does not require the intensive chewing by teeth which are here deprived necessary physiological cleansing. The soft particles of such food are accumulating in the retention points of teeth (pits, fissures), that does make them susceptible to caries development. And vice versa, it is confirmed by clinical and experimental researches, that rough fibred food requires active mastication. Thus the hard particles of such food clean the teeth from sticky carbohydrate food rests, hindering the same accumulating in the plaques retention areas of teeth and the formation of dental plaques. Finally at the intensive chewing of rough food, teeth sustained attrition that results in the disappearance on their occlusal surfaces of the retention points (pits and fissures).

On the whole the rational diet is a very powerful factor which ensures the correct structure of hard tooth tissues and their functional state in future. Deficiency of some food components, or their excess, as for example, carbohydrates in itself can not be the direct (without influence of other factors) reason of caries. But they create a favorable background on which action of other etiologic cariogenic factors make easy and as a result caries developed.
The frequency of eating sugars with food. Following the application of sugar solutions to such a plaque its pH value will fall rapidly and substantial amounts of acid will be formed. In many instances the pH will fall to as low as 4-0. It is generally agreed that pH values lower than 5-5 at the tooth surface initiate demineralization. After approximately 15-20 min. the pH in plaque starts to rise and the remineralization processes begins. The more frequent the application of sugar with food, than the more prevalence of demineralization.


Systemic diseases, disorders and concomitant diseases, which create a favorable background for caries development. The numerous investigations show that people with most systemic diseases are accompanied by considerable prevalence and intensity of caries. A different degree of caries prevalence relies on influence of systemic disease on the common state of organism and its duration. It is impossible to consider that the common diseases directly affect hard tooth tissues, rather that they are affected indirectly by means of changes in the composition of saliva, rate of saliva flow or through pulp. In some measure it is possible influence by means of change in the composition of microflora, and hygienic state of the oral cavity. The most unfavorable influence of common diseases on teeth is marked in the period of their development, mineralization and eruption. In children of a different ages with concomitant diseases of internal organs, a dental caries develops especially often and is characterized by the acute coarseness and numerous lesions of teeth. Thus, these diseases create a background on which unfavorable local cariogenic factors will be easily realized.


Among unfavorable extreme influences on the human organism the most damaging action on teeth is rendered by an ionizing radiation. It violates activity of salivary glands of oral cavity, diminishes the rate of saliva flow, on the teeth accumulates big amount of tooth debris - substantia alba (G.M.Barer, 1972). In future on these places develops the spots of enamel demineralization and destruction. Direct damaging action of ionizing radiation directly on hard tooth tissues is also revealed. In future a pathological process quickly progresses on the enamel surface of crown and penetrated into dentin. Such «radiation caries» from the clinical and morphological point of view have some difference from dental caries. However it evidently demonstrates unfavorable action of extreme influences on hard tooth tissues.
Local cariogenic factors

The local cariogenic factors made direct damaging action on hard tooth tissues. Most cariogenic action, both independently, and in combination with other factors, had the dental deposits: dental debris and dental plaques. Dental debris - it is a rather yellow or greyish-white color, soft and sticky deposit on the surface of teeth, which is the conglomerate of microorganisms, cells of desquamate epithelium, leucocytes, mixture of proteins and lipids of saliva with the particles of food. Soft dental debris has not a permanent inner structure, it is not densely attached to the enamel surface and can be easily washed off by the stream of water or taken off by a cotton pellet. A gelatinous mass of bacteria adhering to the tooth surface is termed dental plaque. A dental plaque is the soft amorphous granular deposit, which is enough densely attached to the tooth surface, from which a plaque can be separated only by the mechanical cleaning by an instrument or tooth brush (Fig. 36). When plaque is small in size it can be revealed when painted by dyes or pigments in food, in a greater quantity it acquires the view of greyish or yellow-grey mass on the tooth surface.

Formation of plaque begins from attaching of monolayer of bacteria to acquired pellicle or surface of tooth. A dental plaque consists mainly of microorganisms (to 70% its volume) and intercellular matrix (complex of glycosaminoglycans and proteins). The dental plaque quickly grows and reaches a maximum size approximately during a period of 30 days. A mature dental plaque has such definite structure: 1) acquired pellicle, which provides connection of plaque with enamel; 2) the palisades layer of filamentous microorganisms, which accumulates on the pellicle; 3) the dense net of filamentous microorganisms, which contains colonies of another bacterial species; 4) the surface layer of cocci microorganisms(Z.Broucal, J.Svejda, 1973).

G.H.Bowden (1985) divides all microorganisms of dental plaque on 2 big groups: 1) acidophilic bacteria, may exist in acid environments and fermenting carbohydrates to organic acids and 2) proteolytic bacteria, forming proteinase. These are acidophilic streptococci, lactobacilli, actinomyces and others which belong to this group. To the second group of bacteria belong anaerobes which process food proteins and amino acid. Majority (to 50%) of bacterial flora of plaque contains acidophilic streptococci with the predominance Str. mutans and Str. Sanguis (I.I.Oleynik and others, 1983, 1986).

Formation of acids in a dental debris (dental plaque) and the decline of pH here takes place only in that case, when carbohydrates enter in oral cavity. The microorganisms of plaque easier fermented sucrose, glucose and fructose. The cellular elements of plaque together with protein agglutinative elements provide its porous structure which allows the passing an oral fluid (saliva, food liquids) through itself. Microorganisms formed extra cellular polysaccharides which close intercellular places in a plaque and thus promote the accumulation in it of organic acids. The most easily penetrate dental plaque carbohydrates (sucrose, glucose) in a straight amount proportional to their concentration in saliva and duration of application. Simultaneously a plaque does not allow the penetration of alkaline components of saliva buffer system, which are able to neutralize acids. In absence of carbohydrates the level of plaque pH usually changes within the limits of near neutral - 7,0. The entering of carbohydrates in oral cavity causes the sharp rise of acidity of plaques, which lasts about 30 minutes, achieving the maximum of pH to 5,8-4,5.


Afterwards the acid environment of plaque is neutralized by the saliva buffer systems and its pH again subsides to the neutral level. If the entering of sucrose repeats itself, there is the enough persistent decline of pH under a dental plaque that results in the damage of dental enamel.


Dissolution of dental enamel begins at pH=5,5 therefore this level of pH is named as critical. Under a plaque there can be more considerable rise of acidity. In addition a plaque hinders the penetration to the enamel of alkaline components of saliva buffer system, which are able to neutralize acids, and inorganic matters which constantly admitted with saliva in enamel restoring its mineral structure.

At the beginning a sucrose turns into polysaccharides, type of levan and dextran, hydrolyze to glucose, fructose and then to pyruvate. In future pyruvate can be restored in lactic acid under action of enzyme and transformed into acetate or form the row of organic acids. Combination of these acids forms the main amount of acid products of dental plaque which damages the mineral components of dental enamel. Among them prevailssaccharides lactic acid which is produced by streptococci. Probably, cariogenic properties of dental plaque are related to these acids which capable to dissolve the calcium of mineral components of teeth even at pH higher than critical level.
Microbial ecologic niche. Nonspecific plaque hypothesis of caries 
There are two hypotheses concerning the pathogenicity of plaque. The older hypothesis promotes the universal presence of potential pathogens in plaque and therefore assumes that all accumulations of plaque are pathogenic. The other hypothesis is based on the observation that accumulation of plaque is not always associated with disease. Under the latter hypothesis, accumulation of plaque could be regarded as normal in the absence of disease. Plaque is assumed to be pathogenic only when signs of disease are present.

The first hypothesis, which assumes that all plaque is pathogenic, is termed the nonspecific plaque hypothesis. The alternative, or specific plaque hypothesis, recognizes plaque as pathogenic only when signs of associated disease are present.

The specific plaque hypothesis provides a new scientific basis for the treatment of caries that has radically altered caries treatment. Plaques can be identified as pathologic when they are associated with clinical disease. Because only a limited number of microorganisms are capable of caries production, specific plaque hypothesis treatment is aimed at elimination of the specific pathogenic organisms, but not total plaque elimination.

High frequency sucrose exposure may be the single most important factor in producing a cariogenic plaque. Frequent sucrose ingestion begins a series of changes in the local tooth environment that promotes the growth of highly acidogenic bacteria and eventually leads to caries. In contrast, when sucrose is severely restricted or absent, plaque growth typically does not lead to caries. Dietary sucrose plays a leading role in the development of pathogenic plaques and may be the single most important factor in disruption of the normal healthy ecology of dental plaque communities.

Multiple factors determine the characteristics of plaque. The factors that control the presence of individual species in plaque are termed ecologic determinants. These can be divided into several broad interrelated categories: host resistance, extent and nature of shelter for bacteria, host diet, oral hygiene, status of the dentition, and composition of the oral flora. These various factors can be viewed as links in a chain of reactions eventually leading to caries.

There are significant differences in the plaque communities found in various habitats (ecologic environments) within the oral cavity. The oral mucosa is populated by organisms with receptors specialized for attachment to the surface of epithelium.The dorsum of the tongue has a plaque community dominated by Str. salivarius. The teeth normally have a plaque community dominated by Str. sanguis and Str. mitis. The population size of Str. mutans (MS) on teeth is highly variable. Normally it is a very small percentage of the total plaque population, but it can be as large as one half the facultative streptococcal floras in other plaques.
Many distinct habitats may be identified on individual teeth, with each habitat containing a unique plaque community. While the pits and fissures on the crown may harbor a relatively simple population of streptococci, the root surface in the gingival sulcus may harbor a very complex community dominated by filamentous and spiral bacteria. Facial and lingual smooth surfaces and proximal surfaces also may harbor vastly different plaque communities.

The complex and dynamic relationships among bacterial plaque, the host, and dental disease are the best understood by viewing dental disease as a result of the functioning of an ecologic system that operates on widely known and accepted ecologic principles. An ecosystem is a circumscribed area occupied by a biologic community. The oral cavity is a well-defined ecosystem because it has recognized geographic limits and the general composition of the biologic community is known. Within the oral ecosystem are distinct habitats such as the dorsum of the tongue; oral mucosa; gingival sulcus; and various tooth locations, including pits, fissures, and certain smooth surface areas. These habitats have unique environmental conditions and harbor significantly different communities of microorganisms. Within each habitat, special combinations of food and shelter are available to support particular species of oral bacteria. This special combination of food and shelter is termed an ecologic niche.
As a plaque community develops on a tooth surface, eventually all the available niches will become occupied. When niche saturation occurs, only very competitive microorganisms can displace the indigenous bacteria from the community. Niche saturation provides inherent stability to plaque communities. Although large numbers of foreign organisms pass through the oral cavity, it is rare for any to become established as permanent residents. Niche saturation may be the mechanism that prevents these multitudes of exogenous organisms from becoming established in the mouth. This homeostatic mechanism has been termed colonization resistance.
Colonization resistance can be quantified by measuring the threshold dose (number of organisms) required to establish a new resident population. Str. mutans (MS) have a very high threshold dose because they must compete with S. sanguis for niches. S. sanguis is more efficient in adhering to tooth surfaces than Str. mutans (MS) and, thus, is established more rapidly in the local community. Thus the threshold dose (the total number of bacteria inoculated into the mouth) is a critical factor for establishment of an organism in plaque communities. This concept forms the basis for bacteriologic testing of saliva to determine caries risk.
· Nonspecific plaque hypothesis of caries 
· 1. Residential microorganismʼs species formed specific nonpathogenic plaques, adherent to hard tooth tissues.

· 2. With  excess of carbohydrates (sucrose) in diet and in oral cavity in such plaques penetrate cariogenic microflora - Str. mutans. 

· 3. In plaques accumulate considerable amount (up to 75%) cariogenic microorganisms: Str. mutans, Lactobacillus acidophilus, Actinomyces viscosus and others.

· 4. As results the plaques become specific pathogenic plaques. Under this plaques on dental enamel caries lesion rapidly develop.

Role of microorganisms in caries development. The considerable role of microorganisms in the caries development was confirmed by the works of W.Miller. This data allowed him in 1884 to formulate the chemo-parasitic theory of caries development. By numerous subsequent researches microflora of caries cavity and oral cavity was carefully examined, that allowed determine the role of microflora in the caries development.


By microbiological researches, since the middle of the 19th century in caries cavities various and numerous microflora was revealed. Thoroughly studying properties of its separate species, their prevalence in people with active caries and those without it was revealed a definite intercommunication between the separate groups of microorganisms and caries. First of all were microorganisms were able to exist in an acid environment and ferment carbohydrates, converting them into organic acids (so-called acidophilic bacteria). Most of them were some species of streptococci, in a lesser measure the representation of other species - lactobacilli, actinomyces species. Its properties to fermenting carbohydrates with formation of organic acids are the most characteristic sign of cariogenic microorganisms.
Microorganisms that cause caries are termed cariogenic. The degree to which a tooth is likely to become carious is described as its cariogenicity potential.

First from a caries cavity the streptococci were selected in 1900 and quantitative predominance (about 50%) of streptococci among all selected species of microorganisms was later revealed. Supposition about the important role of streptococci in caries development is based on their quantitative predominance in a caries cavity, fermentative properties, its prevalence (more than 50%) in dental plaques and on different stages of caries lesion. The streptococci form 70% colonies, veillonella and neisseria - 15%, the other microflora (diphtheroids, lactobacilli and many others) - 15% (G.H.Bowden, 1985).

The hypothesis that bacteria are a prerequisite for the initiation and progression of dental caries was clinched by Orland et al. [1954] at the University of Chicago, in their classical germ-free animal studies. Germ-free animals obtained by Cesarean delivery and directly transferred to a sterile isolator were fed sterile food. Twenty-two rats which were fed a cariogenic diet, and maintained in a germ-free environment, were caries-free. Of the 39 control rats fed the same diet but maintained in a conventional laboratory environment, and with no interference with their normal microflora, 38 developed carious lesions. This study laid to rest debates extending over a century about the role of bacteria in dental caries. Dental caries is a disease caused by oral bacteria.

Gnotobiotic animals maintained on a sterile cariogenic diet when infected with an enterococcus and another group inoculated with a combination of an enterococcus and a gram-negative proteolytic bacillus developed dental caries. The control animals that remained germ-free and the animals that were contaminated by pleomorphic bacillus were free of carious lesions. Unfortunately, the metabolic characteristics of these organisms were not stated and interpretations about the mechanisms of caries formation could not be made. This study clearly indicated that dental caries can be produced in laboratory animals with a controlled and limited flora and in producing Streptococcus salivarius have been found to be incapable of inducing caries in the gnotobiotic rat.

The most high cariogenic activity was revealed among streptococci, especially Str. mutans. This species of streptococci causes in animals the most rapid caries development with a plenty (to 75%) of the affected teeth. Today the properties of this species of streptococci are studied in great detail and its exceptional role in caries development was shown.

The capacity of this species of streptococci to adhesion on the dental surface of teeth due to the synthesis by its extra cell polymers, such as, for example, dextrans. It is necessary to emphasize that other types of cariogenic microorganisms are able to synthesize such polymers from sugars (especially sucrose which enters oral cavity). Such polymers enable the other cariogenic bacteria to be glued to hard tooth tissues (enamel) and form a dental plaque matrix. In animal experiments P.Keyes (1962) determined the most high cariogenic activity is possessed for streptococci which enabled dextran formation. The properties characteristic for Str. mutans have other cariogenic cultures of streptococci, for example, Str. sanguis, Str. salivarius, Str. milleri and some others.


In caries cavities and saliva of patients with caries teeth a lot of lactobacilli were revealed. These bacteria have very high acidophilic properties and power to cause the caries development in experimental animals. In people with the active course of caries it revealed more high contents of lactobacilli in saliva in comparison with healthy persons. On the basis of determination of quantity of acidophilic bacteria in saliva a test was developed, the so-called streptococcus or lactobacilli test, which can be the index of caries activity or susceptibility to caries development.

Definite role in caries development is that of acidophilic actinomyces species which are also selected from caries cavities. In the experimental study of actinomyces species in the gnotobiotic animal experiments two of their kinds - Actinomyces viscosus and Actinomyces naeslundii showed the most cariogenic activity. Actinomyces species take considerable part in dental plaque matrix formation, and in caries development.


Thus, it is quite clear and it is proved today, that caries does not develop without participation of acidophilic microorganisms. However it is impossible to consider that the role of microorganisms in caries development is fully studied and clear. Nevertheless, on the basis of numerous conducted scientific microbiological researches devoted to the role of microflora in caries development it is possible to make the row of conclusions (I.I.Oleynik, 1991).

1.  In the experimental investigations F. Orland and al. (1954) on gnotobiotic animal (sterile, without microorganisms) the significance of microorganisms in caries development were proved .

2.  The main condition in caries development is forming of dental bacterial plaques, which microorganisms provided demineralization of the hard tooth tissues and proteolytic action. 

3.  The most cariogenic activity has such plaque microorganisms: streptococci species - especially Str. mutans. 

4.  Such cariogenic properties were (but lesser) revealed in other streptococci species: Str. sanguis, Str. salivarius, and Str. milleri: lactobacilli (Lactobacillus acidophilus, Lactobacillus casei); acidophilic actinomyces species - Actinomyces viscosus and Actinomyces naeslundii. These microorganisms play very important part in formation of the dental plaque matrix. 

5.  Epidemiologic investigations proved connection between caries and Str. mutans in oral cavity and caries lesions. There were not convincing evidences of correlation between the Str. mutans colonization on the definite surfaces of teeth and frequency of caries lesions development on these places.

6.  The microbial local demineralization activity on dental enamel is united with properties these microorganisms fermented carbohydrates entering in oral cavity (especially sucrose) into polymers (dextrans and levans) which can firmly attached to the dental enamel. These polymers formed the dental plaque matrix.


In these cases where it appears that proper conditions for the microorganisms of dental plaque actively ferment carbohydrates, forming acids. Under influencing of cariogenic factors in the enamel of teeth there are the processes of demineralization and depolymerization of organic matters developed, as a result there is the development of caries lesion. The row of anticariogenic factors hinders action of cariogenic factors: antimicrobial systems of saliva, presence of microelements (especially fluoride) in diet, high buffer capacity of saliva, presence of inhibitors of proteolytic enzymes, intensity of processes of enamel remineralization and its high caries resistance, strengthening of trophic function of pulp and rise of organism resistance.

In a study of disease, primary factors (prerequisites), without which a disease process cannot develop, are often not clearly distinguished from secondary or predisposing factors which control the rate of progress of a disease. Many secondary factors, such as salivary composition and flow rate, oral hygiene and diet influence the caries process. Secondary factors affect one or a combination of the following:

increase or reduce the tooth (host) resistance to dental caries; 

increase or decrease the quantitative and qualitative nature of the oral microflora involved in dental caries; 

increase or reduce the cariogenicity of the local substrate. 

The interplay between primary and secondary factors is depicted in Table 12.
Table 12. The determinant of dental caries

	Primary factors

(initiate dental caries)
	Secondary factors, environmental and hereditary
	Bacterial metabolism important in caries
	Mechanism of tooth destruction 
	Role in caries process

	Bacterial plaque
	Oral hygiene

Oral microflora

Saliva (pH, composition, buffering capacity, flow rate

Fluoride in plaque

Diet and nutrition

Transmissibility
	Organic acids
	Dissolve inorganic phase
	Major

	
	
	Chelators
	Bind Ca2+ ions
	Minor

	
	
	Proteolytic enzymes
	Breakdown of organic macromolecules after demineralization
	Minor in enamel; major and important in dentin

	Suitable substrate
	Carbohydrates, type and concentration

Chemical composition of food

Physical characteristics of food

Oral clearance of food

Oral hygiene

Frequency of eating
	
	
	

	Tooth
	Fluoride concentration

Carbonate and citrate level

Age of tooth

Cross and surface morphology

Crystalline of OH-apatite

Trace elements (Zn, Se, Sn, Fe, Mn, Mo)

Nutrition (vitamins and minerals)

Salivary composition and flow rate

Surface composition of enamel
	
	
	


Many other factors, in addition to saliva, influence the rate of caries by significantly affecting one of the primary factors. As an example, fluoride is an important trace element that affects the resistance of mineral of enamel to the caries process and enhances remineralization of incipient lesions. Fluoride deficiency potentiates caries since the host factor (tooth) cannot attain its maximum resistance to caries on a suboptimal intake. Other examples of secondary factors that influence dental caries are oral hygiene and dental plaque control. Scrupulous oral hygiene may completely prevent caries (a perfectly clean tooth does not decay) - but perfect oral hygiene cannot be attained. Oral hygiene affects caries but it is not a primary factor in caries.
Disturbances of properties and composition of saliva. Saliva has many functions: cleansing effect, buffering capacity, provision of an environment saturated with calcium and phosphate, antibacterial action - these characteristics influence the rapidity at which caries develops. However the important role saliva may play in dental caries it is not a prerequisite for caries initiation in the same sense that organisms, substrate, and the tooth are essential.

Saliva acts an important part in maintenance of physiological equilibrium of processes of mineralization and demineralization in the dental enamel. Thanks to this function the tooth mineralization, «maturation» of enamel after of tooth eruption is carried out, optimum composition of enamel and its remineralization after the damage or disease were supported. Saliva had the protective function of organs of oral cavity from damaging action of factors of external environment and cleansing function, which consists of the permanent mechanical and chemical cleansing the oral cavity from food remnants, microorganisms and other.

The mineralization function of saliva is carried out thanks to balance of two processes - dissolution of apatite crystals and their formation. Hydroxyapatite solubility of mineral tooth tissues is determined by the active concentration Ca2+ and phosphates in saliva. Calcium in saliva can be found both in ionized state (55%) and connected with proteins 45%). The saliva mineralization level depends of activity of salivary glands. In case of rapid progressive caries the remineralization, buffer, antibacterial properties of saliva is violated.

Saliva and plaque fluid are supersaturated with calcium and phosphate ions. Without a means to control precipitation of these ions, the teeth would become literally encrusted with mineral deposits. Fortunately, saliva contains statherin, a proline-rich peptide capable of stabilizing calcium and phosphate ions and thus prevents excessive deposition of these ions on the teeth . This supersaturated state of the saliva provides constant opportunity for remineralizing enamel and thus can help protect the teeth in times of cariogenic challenges.

When the local pH is high enough (above 5.5) and calcium and phosphate ions are present, the demineralization of the carious process may be reversed by remineralization of the damaged enamel tooth structure.

On the whole saliva is the biological fluid supersaturated with calcium and phosphorus ions. Such property of saliva hinders to dissolution of enamel and promotes the diffusion in the enamel calcium and phosphorus ions. V.B.Nedoseko (1987) showed that degree of saliva hydroxyapatite supersaturating is the greatest at persons with the high level of caries resistance and gradually goes down to the minimum at susceptibility to the caries development. On the whole in persons with a numerous caries the degree of saliva supersaturating on the average on 24% is below, than in caries resistance persons. In the caries development also has a definite role the correlation between maintenance of calcium and phosphorus level in saliva: the excess of phosphates promotes teeth demineralization.

The saliva reaction (pH) affects the degree of saliva hydroxyapatite supersaturating: with reduction of pH it sharply goes down. Supersaturating of mouth liquid it remain only to pH 6,0-6,2 (critical level of pH), and at the further acidifying it slumps and saliva becomes unsaturated with hydroxyapatite. Usually the reaction of oral fluid is found within the limits of pH 6,5-7,5 and middle is equal 7,2, which are its neutral or low alkali. Saliva contains a very powerful buffer system with a big capacity. It allows for constantly to supporting the neutral reaction of environment of oral cavity. Therefore the decline of saliva pH takes place below than the critical value 6,2-6,0 is marked only locally: in dental debris and under a dental plaque. The decline of saliva pH is marked after the entrance in the oral cavity of carbohydrates. Reduction of saliva secretion (hypo salivation) or almost complete its flow (xerostomia) are accompanied by the decline of pH and sharp increase of the caries development.

The use of carbohydrates with food causes hyperglycemia, hypo salivation, increase of saliva oxygen absorption and saliva P/Ca coefficient. In people who have plenty of carbohydrates with a meal have such changes of saliva, which are present practically all day. Specific action of carbohydrates are that they stimulate microorganisms acidogenic activity in oral cavity («metabolic explosion») because of what the quantity of organic acids in saliva that is significantly increased by 4-5 times in comparison with a normal condition. All these changes promote in such persons the susceptibility to the caries which often is numerous with active course.
Food remnants, which accumulate on teeth and in interdental spaces, have obvious cariogenic action. Staying too long and saved in retention areas, they are a nourishing environment and material from which microorganisms can form acids. The most essential value is carbohydrates, especially sucrose and glucose. Carbohydrate food remnants can easy be transformed not only into acids, but also in dextrans, levans, which considerable act the part in the formation of dental plaque and its attachment to the teeth surface. The considerable sufficient thickness of food remnants hinders also the penetration through them the components of saliva buffer system that additionally creates conditions for the accumulation of acids under them.
Defective structure and resistance of hard tooth tissues
Defective structure of hard tooth tissues. The factors which influence the susceptibility or resistance of teeth to caries, are the different disturbance of hard tooth tissue structures. These can be the definite peculiarities of chemical composition of enamel apatites, presence of different substitutions in the crystals of apatites, correlations of different inorganic ingredients in its molecule, violations of the Ca/P coefficient. A rightness, regularity of enamel structure of protein matrix and its properties, capacity for polymerization and connections of calcium and phosphorus, its co-operation with the inorganic phase of enamel. At a tissue level on caries resistance an influence of either a presence or absence of defects in the enamel structure. The enamel structure will include its density, regularity of structure, size and number of structural violations, density of crystals and rods packing, presence of tufts and lamella and their location, degree of enamel structure maturity and their saturation with calcium, phosphate and fluoride.
The favorite localization of caries in pits and fissures is marked by many researchers. Also simultaneously were revealed the so-called caries immune areas of teeth crown: cutting edges, apexes of cusps of occlusal surface, convex vestibular surfaces. Attempts to reveal structural differences between hard tooth tissues of these different areas of teeth were unsuccessful. The more right assertion, was the favorite places for caries localization being the retentive areas, where food remnants accumulated, and this creates the conditions for dental plaques formation. Secondly, in these areas enamel mineralization occurred in the last turn, maturation of enamel in them can be violated therefore, that is promoting caries development.

Susceptibility to caries development is connected with disturbance structure of enamel superficial layer. As caries resistance areas consider aprismatic structure of enamel superficial layer and caries susceptibility - those areas, where enamel rods are present on enamel surface. It was simultaneously revealed, that aprismatic areas are more mineralized and contain the greater amount of microelements, first of all fluoride. As susceptible to the caries development places there is more permeability of enamel and a greater number of lamellae revealed, which are less steady to action of acids. On this property of enamel the test of resistance of enamel is based (TER-test by V.R.Okushko, 1984).

The value of structure factors of hard tooth tissues for the caries development consists of that disturbance of enamel and dentin structure created the basis for cariogenic action even very weak cariogenic factors.

The tooth structure very tightly connects with its chemical composition and has almost the same value in the caries development. For example, the high mineral concentration determines high density of enamel structure which determines its resistance to the caries development. By means of radioisotope methods with 45Ca E.V.Borovskiy (1957-1991) proved that places of favorite localization of caries (pits and fissures) are less mineralized. Except calcium the caries resistance is determined also by contents and other microelements. In caries resistance areas it was revealed that there was more high contents of fluoride, molybdenum, strontium, selenium, phosphorus and vice versa in the caries-susceptible areas it was less. Violations of biochemical composition of hard tooth tissues and metabolic processes, that determine caries-susceptibility, can be realized in the caries lesion only in cooperation with other cariogenic factors.

The certain place among cariogenic factors occupies an unfavorable genetic code that is heredity. It is known, that there is the definite hereditary susceptibility to the caries development, although other authors explain that it is by similarity of food character. However the application of modern methods of genetic analysis allows the revealing a lot (to 16) of genes which are responsible for the caries development (C.Chain, 1968). Definite correlation is revealed between the genetic markers of blood and character of caries activity (A.I.Marchenko and others, 1982, 1983; N.A.Zelinskaya and others, 1984). There was nothing revealed about differences in the caries prevalence depending on gender. Existence of genetic susceptibility to the caries development was confirmed by the presence of specific susceptibility or, vice versa, caries resistance at some types of animal. For example, in dogs it is difficult to cause caries development, even in the most favorable conditions. It was supposed, that genetic susceptibility to the caries development will be realized, mainly, through the proper structural features of hard tooth tissues, chemical composition of saliva, some features of metabolic processes in organism.

The above-mentioned cariogenic factors (both general and local) can be expressed in a different degree. Caries development is possible provided enough different variants of their co-operation, for example, as strong violations of teeth structure existed for the caries development with enough weak violations of diet and little amount of acidophilic microorganisms in the oral cavity. Thus, at presence of the proper conditions the cooperation of cariogenic factors becomes possible and as a result caries development.
Primary Mechanism of Caries Formation
When the three essential parameters for dental caries - cariogenic organisms, susceptible teeth and a suitable local substrate - exist in an individual for a considerable time, then dental caries may develop.

Caries causes damage by demineralization and dissolution of tooth structure, resulting from (1) a highly localized drop in the pH at the plaque-tooth interface and (2) tooth demineralization. The local pH drop occurs as the result of plaque metabolism, but only plaque communities with high concentrations of MS and lactobacilli can produce a sufficiently low pH to cause demineralization of teeth. A single exposure of sucrose solution to a cariogenic plaque results in rapid metabolism of the nutrients to organic acids. The organic acids (primarily lactic acid) dissociate to lower the local pH. Single events of lowered pH are not sufficient to produce significant changes in the mineral content of the surfaces of the teeth. However, many episodes of long-duration demineralization (lowered pH), occurring over long periods of time, will produce the characteristic lesions of caries. Frequent sucrose exposure is the single most important factor in maintaining a pH depression at the tooth surface, often resulting in demineralization.

The output (production) of acid from caries-active plaques is twice that of caries-inactive plaques per milligram wet weight of plaque . The production of acid from a caries-active plaque can overcome the buffering capacity of salivary bicarbonate available at the tooth-plaque interface, causing the local pH to fall. Once the pH falls below 5.5, tooth mineral is dissolved. At lower pH values, such as 3.0 or 4.0, the surface of enamel is etched and roughened. At a pH of 5.0, the surface remains intact while the subsurface mineral is lost.

Cavitation of the surface occurs when the subsurface demineralization is so extensive that the tooth structure surface collapses. Cavitation of enamel is not reversible and is usually associated with the acceleration in the process of carious destruction of the tooth. It occurs when a series of demineralization (pH drop) and remineralization (salivary ions) episodes are dominated by the demineralization process.

There are three distinctly different clinical sites for caries initiation: (1) the recesses of developmental pits and fissures of enamel, which is the most susceptible site; (2) smooth enamel surfaces that shelter plaque; and (3) the root surface 
CLASSIFICATION OF CARIES
The clinical features of caries are various enough: from the chalky white spot on the surface of enamel to the expressed destruction of hard tooth tissues. These numerous forms of caries, per se, are only consistently changing each other (in absence of treatment) stages of tooth destruction. The progress of caries lesion leads to the destruction of all bulk hard tooth tissues, perforation of pulp chamber and development of inflammation of pulp (pulpitis) or periodontal ligament (apical periodontitis). Therefore pulpitis and apical periodontitis, other tissues of maxillofacial region, which develop as a result of caries process named complications of caries.

A caries may affect either one tooth or almost simultaneously several, and even a row of teeth (numerous caries), then in such cases that is a basis to speak about carious illness. There is definite conformity with the law in localization of caries lesions: there are frequently affecting fissures, pits on the occlusal and contact surfaces of molars and premolars (bicuspids). On frontal teeth caries is localized more frequent on vestibular surfaces in neck areas. Characteristic in a caries development is the retention areas where food remnants and microorganisms are most often accumulated. On the basis of clinical features and patterns, dental caries may be classified according to three basic factors:

- Morphology, i.e. according to anatomical site of lesions.

- Dynamics, i.e. according to severity and rate of progression of lesions.

- Chronology, i.e. according to age patterns at which lesions predominate.

Classification Based on Morphology (Anatomical Site of Lesion) Occlusal (Pit and Fissure) and Smooth Surface Caries. Caries lesions can be classified according to their anatomical site. There is nothing chemically special about these sites, they simply reflect the location of a metabolically active biofilm. The most common and simplest classification of dental caries is based on relative susceptibility of surfaces of teeth. The different surfaces of a tooth may be divided into two morphological types. Type I refers to pit, fissure and occlusal surfaces and type II refers to smooth surfaces of which there are two variations, interproximal and cervical or gingival. Pit and fissure caries are limited to the occlusal surfaces of molars and bicuspids, the buccal pits of molars, and lingual surfaces of maxillary anterior teeth (caries fissuralis or caries occlusalis). These irregular surfaces are inherently more prone to dental caries due to their mechanical characteristics which result in poor self-cleansing features. Occlusal caries usually occur early in life before smooth surface lesions appear. Carious lesions located on surfaces other than pits and fissures are classified as type II, smooth surface lesions. Smooth surface lesions may be further subdivided as interproximal, occurring at mesial or distal contact points, or cervical, occurring on buccal or lingual surfaces near the dentin-enamel junction. The caries localization on the contact surfaces (mesial or distal contact points) of teeth is named the caries of contact surfaces or interproximal caries (caries aproximalis s. contactus). Smooth-surface lesions may start on enamel (enamel caries) or on the exposed root cementum and dentin (root caries, caries сervicalis). At the further progression of caries lesion on these areas (in particular case in baby teeth of weaken, diseased children) it formed specific localization of caries cavity: along the all neck of the tooth. Sometimes practically all neck of tooth is affected by a caries like a ring. Such localization of caries named circular (circular, caries anularis) caries.
Primary caries is used to differentiate lesions on unrestored surfaces from those that develop adjacent to a filling, which are commonly referred to as recurrent or secondary caries. These two terms are synonyms. It is a carious lesion that develops at the interface of a restoration and the cavosurface of the enamel. Recurrent lesions may indicate an unusual susceptibility to caries attack, a poor cavity preparation, a defective restoration or a combination of these factors Residual caries is demineralized tissue that has been left behind before a filling is placed.

Caries lesions may also be classified according to their activity. This is a very important concept and one that impinges directly on management, although the clinical distinction between active and arrested lesions is sometimes difficult. A lesion considered to be progressive would be described as an active caries lesion. In contrast, a lesion that may have formed years previously and then stopped further progression is referred to as an arrested or inactive caries lesion. There is clinical evidence that incipient and even more advanced carious lesions may become arrested if there is a significant shift in oral environmental conditions from those that predispose to those that tend to slow the caries process. A clinical feature of arrested caries involving dentin is the marked brown pigmentation and induration of the lesion

The first sign of a caries lesion on enamel that can be detected with the naked eye is often called a white-spot lesion. This appearance has also been described as an early, initial or incipient lesion. These terms are meant to say something about the stage of lesion development. However, a white-spot lesion may have been present for many years in an arrested state and to describe such a lesion as early would be inaccurate. A dictionary definition of incipient is “beginning; nascent stage”, in other words, an initial lesion appears as a white, opaque change (a white spot), but any white-spot lesion is not incipient.

The terms remineralized or chronic lesions are sometimes used to signify arrested lesions, but the term remineralization should be used with caution. The distinction between active and arrested lesions may not be totally straightforward. Thus, there will be a continuum of transient changes from active to arrested and vice versa. A lesion (or part of a lesion) may be rapidly progressing, slowly progressing or not progressing at all. This will depend entirely on the ecological balance in the biofilm covering the site and the environmental challenge.
Classification Based on Severity and Rate of Caries Progression
Dental caries may be classified according to the severity and rapidity of attack. The severity may be very mild to very severe or rampant (acute). Different teeth and surfaces are involved depending upon the severity of the caries challenge. In mild caries only the most vulnerable teeth and surfaces are attacked such as the occlusal surface of first permanent molars. In moderate caries the occlusal surfaces of other posterior teeth are involved as well as interproximal surfaces. In rampant caries surfaces of anterior teeth which are relatively less frequently attacked become carious. Rampant caries is a common and important manifestation of the disease in children and some adults and merits a further discussion.
Rampant (acute) Caries. One of the most distressful clinical conditions for both patient and practitioner is rampant caries in which there occurs a sudden, rapid and almost uncontrollable destruction of teeth. For an acute caries characteristic is considerable demineralization of hard tooth tissues, relatively rapid progressing of caries lesion.

The rampant (acute) caries has typical rapid (within the limits of a few weeks) course with rapid development demineralization of hard tooth tissues and caries lesions (caries defect of tooth crown). Demineralization spread all over large areas of tooth surfaces - enamel and dentin. The affected enamel has a white chalky like color, has not characteristic enamel translucency and becomes like a white spot. These demineralized (friable) enamel margins easily broken during mastication or preparation of caries cavity by instruments (burs, excavators). The progression of caries lead to its spread out of the enamelodentinal junction results in development caries lesion in dentin. Dentin has less mineralization than enamel so developing caries lesion in dentin formed more quickly. Thus a relatively large area of dentine is affected, in spite of an apparently small lesion in the occlusal surface with narrow opening and overhang margins. Affected dentin is demineralized and softened, had cartilage like consistence and not practically changed in a color (yellow or yellow-brown in color). Such quickly caries progression during rampant caries, lead to considerable destruction of hard tooth tissues and spreading pathologic process into pulp and periodontal membrane.

In some cases it is multiple active carious lesions occurring in the same patient. Rampant caries also involves surfaces of teeth that are ordinarily relatively caries-free. A caries increment of 10 or more new carious lesions over a period of about a year is characteristic of a rampant caries attack. Proximal and cervical surfaces of anterior teeth, including the mandibular incisors which are relatively caries-free, may be affected. Patients with rampart caries can be classified according to the assumed causality, e.g. bottle or nursing caries, baby caries, early childhood caries, radiation caries or drug-induced caries.
Subjectively the rampant caries course is characterized by more expressed pain caused food irritants (sucrose or another chemical, thermal irritant). Typically are multiple caries lesions. Such caries course often depended on low resistance of organism, systemic and concomitant diseases, and nutritional factors. Among them there are some physiologic conditions (adolescence, pregnancy), systemic exhausting diseases (tuberculosis, inflammatory processes in some inner organs), blood diseases, endocrine disorders and others. Some role play age of patient, anatomical features of different teeth (temporary or permanent dentition) and so on.

A chronic caries develops for years, softening of hard tooth tissues expressed in less degree. The state of organism and constitutional factors, carried and concomitant diseases, unfavorable conditions of development in child's age, social conditions and others influence on a different course of caries. These features cause the necessity of a different approach to their treatment.

The chronic caries course has typical slow development caries lesion. A pathologic process usually lasts for years, subjective pain feeling as a result of different irritants action is insignificant. The areas of demineralization of hard tooth tissues do not occupy a such considerable area as at the rampant caries course. As a result of penetration of food pigments into softened hard tooth tissues, the enamel and dentin become brown or black in color. The typical for acute caries course overhang enamel margins are broken and formed wide caries cavity opening. The softened and pigmented hard tooth tissues have more dense consistency, than at the acute caries course. The chronic caries course more often develops in practically healthy people with relatively insignificant violations of metabolic processes, nutritional disorders and so on. On such basis of satisfactory general organism condition the numerous caries lesions developed very rarely, more typically are single caries lesion. The long existence of caries cavity, lead to developing in pulp some defensive formations (for example, the secondary dentin). Firstly, there is a zone of sclerosis walling off the lesion from the surrounding normal dentine. This zone of sclerosis is often referred to as the translucent zone, which is a defence reaction on the part of the pulp-dentinal unit. A further defence reaction can be seen some distance from the lesion. A region of reactionary, or reparative, dentin is laid down on the pulpal aspect of the lesion. Therefore the caries complication (pulpitis, apical periodontitis) developed considerably rarely.

Acute and chronic caries course may change one another – under some conditions chronic caries course may changes rampant caries course. And, vice versa, at the improvement of the general organism status, character of nutrition acute caries may become chronic caries with slow course, or it may be arrested following several active phases. Such caries named arrested caries - caries stationaria. The more often such caries localized on occlusal surface which sustained attrition during mastication. 

When the general status of patientʼs organism becomes considerably worse this development is so-called caries acutissima. This pathologic process is characterized by the very rapid course of caries process (during two-five weeks), which quickly develops the caries lesions. Such caries course accompanies numerous caries lesions especially in all teeth with one or two cavities in the tooth crown and this caries course is named caries florida. Sometimes caries begins to develop in a filled tooth, affecting hard tooth tissues around the filling or restorations. In such cases it named caries recidiva s. secundaria.

Regardless of clinical course caries can affected single or numerous teeth. In the last case caries, as a rule, has the rampant course and named numerous (multiple) caries or systemic caries. In pedodontics distinguish compensative, sub compensative and decompensative caries form (after T.F.Vinogradova, 1978).
Hidden caries is a term used to describe lesions in dentin that are missed on a visual examination but which are large and demineralized enough to be detected radiographically. It should be noted that whether a lesion is actually hidden from vision depends on how carefully the area has been cleaned and dried and whether an appropriate clinical examination has been performed. In other words, to talk about hidden caries implies an insufficient clinical examination.

Caries process can affected different hard tooth tissues therefore in obedience to International classification of diseases there is also anatomic classification of caries. According this classification distinguish enamel caries(caries enameli), dentin caries (caries dentini), cementum caries (caries cementi), arrested caries, odontoclasia, another caries, indefinite caries.
Caries destruction of hard tooth tissues in case of treatment absence may lead to complete destruction of enamel and dentin. In such cases the microorganisms and its toxins penetrate from a carious cavity in pulp and, even periodontal ligament, causing its inflammation development - pulpitis and apical periodontitis. These pathologic processes so named complications of caries. Depending of the degree of this penetration caries process without complications named caries simplex s. incomplicata and with these complications – caries complicate (with pulpitis and apical periodontitis).

Classification of tooth preparations according to the anatomic areas involved as well as by the associated type of treatment was presented by G.V.Black and is designated as Class I, Class II, Class III, Class IV, and Class V. Since Black's original classification, an additional class has been added, Class VI. This classification has very practical value for operative treatment of caries by preparation and further filling (restoration) of carious cavities (Fig. 37).
Class I Restorations. All pit-and-fissure restorations are Class I, and they are assigned to three groups, as follows: Restorations on Occlusal Surface of Premolars and Molars;Restorations on Occlusal Two Thirds of the Facial and Lingual Surfaces of Molars;Restorations on Lingual Surface of Maxillary Incisors.
Class II Restorations.Restorations on the proximal surfaces of posterior teeth are Class II: the proximoocclusal (MO) conventional preparation, the distoocclusal preparation (DO) and an MOD preparation has similar walls, line angles, and point angles.
Class III Restorations.Restorations on the proximal surfaces of anterior teeth that do not involve the incisal angle are Class III. Walls, line angles, and point angles of a representative conventional tooth preparation. Note that the faciolingual line angle at the incisal is termed the incisal line angle; likewise, the faciolinguoincisal point angle is termed the axioincisal point angle.
Class IV Restorations.Restorations on the proximal surfaces of anterior teeth that do involve the incisal edge are Class IV.
Class V Restorations.Restorations on the gingival third of the facial or lingual surfaces of all teeth (except pit-and-fissure lesions) are Class V. For posterior teeth the incisal (i) becomes occlusal (o).
Class VI Restorations.Restorations on the incisal edge of anterior teeth or the occlusal cusp heights of posterior teeth are Class VI.
A general anatomical classification of caries penetration into dental tissues includes: (1) initial surface caries confined to the enamel, (2) penetration of enamel, (3) penetration of the dentinoenamel junction, (4) early penetration into dentin, (5) advanced penetration into the dentin, and (6) penetration to or into the pulp of the tooth.

In addition to the above classification several other clinical patterns have been described which relate to the degree and rate of progression of caries. In a clinic topographical classification of caries depending on the depth of destruction of hard tooth tissues is most often used. In 1948 I.G.Lukomskiy offered to distinguish two basic clinical features of caries - carious spot and carious cavity. Depending on the depth of caries lesion of enamel and dentine the caries was divided on a superficial, middle and deep caries. Depending on the caries course distinguish acute (rampant) and chronic caries. Therefore in classification distinguish incipient caries (carious spot), superficial caries, middle and deep caries; acute or chronic course.
Incipient caries (caries incipient). The characteristic feature is development demineralization on the enamel surface. The early carious lesion on visible smooth surfaces of teeth is clinically manifested as a white, opaque region, which is best demonstrated when the area is air-dried. There is not caries cavity in enamel.
Superficial caries(caries superficialis) – there is carious defect in enamel, dentinoenamel junction is not destroyed by caries process.
Middle caries (caries media) – the caries cavity formed in the dentin: in a mantle dentin. This layer of dentin juxtaposed to the enamel and converted into the initial laver of dentin from the basement membrane.
Deep caries (caries profunda) - the caries cavity formed in the dentin: in a circumpulpal dentin. This layer of dentin localized very close to pulp. The caries cavity may divided from the pulp chamber only very thin partition or only the layer of secondary dentin.
CLASSIFICATIONS OF CARIES
І. Clinical
1.  Incipient caries (acute, chronic).
2.  Superficial caries (acute, chronic)

3.  Middle caries (acute, chronic).

4.  Deep caries (acute, chronic)

Or another variant:

1. Initial lesion

2. Extensive lesion

3. Moderate lesion

4. Severe lesion

ІІ. Classification based on localization:
1.  Occlusal (pit and fissure) caries.
2.  Contact (interproximal) caries.

3.  Root (cervical) caries.

4.  Circular (caries anularis) caries.

III. Classification based on severity and rate of caries progression.
1.  Rampant (acute) caries.
2.  Chronic caries.

3.  Caries acutissima.

4.  Caries florida.

5.  Recurrent (caries recidiva s. secundaria) caries.
IV.  Classification based on number of lesion.
1.  Single lesion.
2.  Numerous lesions.
V.  Anatomic classification (WHO).
1.  Enamel caries.
2.  Dentine caries.

3.  Cementum caries.

4.  Arrested caries.

5.  Odontoclasia.

6.  Another.

7.  Indefinite.
VI.  Classification based on the presence of complications.
1.  Caries simple (uncomplicated).
2.  Complicated caries.
VII.  Classification based on severity
1. Very mild caries.
2. Mild caries.

3. Moderate caries.

4. Severe caries.

5. Very severe caries.

CLINICAL FEATURE OF CARIES

Incipient caries. Patients complain at the presence of spots (white, chalky white, opaque or pigmented), rarely on feeling of insignificant sensitiveness, soreness of the mouth from different irritants mainly chemical (sour, sweet).

The development of spots is linked with disorders of mineral composition of enamel, its dismineralization and demineralization. A process clinically begins from the loss the natural enamel translucency which is characteristic for intact enamel. The limited enamel area becomes opaque, chalky white or brown color. The last is caused by penetration of pigments (food, tobacco, pigmented microflora) in the demineralized (hypo mineralized) area of enamel during prolonged development of pathological process.

At the acute (rampant) course on the limited areas of dental enamel appeared the opaque, deprived of natural transparency, chalky white color spots. At the first time spots are small, but, gradually increased in sizes. Frequently it is located on occlusal surfaces in retentive points: pits and fissures of occlusal surfaces of teeth, cervical areas. In children it often localized on a vestibular surface and cervical areas. For the best revealing of caries spots it is recommended to remove from the spot surface debris and dry up the crown of the tooth: intact enamel saves their natural transparency and brilliance, while the surface of caries spot loses transparency and becomes opaque. During probing a roughness, insignificant pliability and sickliness of their surface, can be revealed.

At the caries spots located in fissures there can be difficulties at their diagnostics and differentiation with other pathological conditions, especially with children. It is linked with accumulation of food remnants in fissures, pigments which can change color of fissures surface. In such cases it is hard visually to reveal a whitish or some pigmented caries spot in the enamel. Using another diagnostic method to reveal the clinical caries signs at probing - softening, sensitiveness of surface of enamel. In children these signs may be very subjective, that is caused by insufficient mineralization of enamel in fissures. In such cases it is had to use the additional methods of caries investigation.

To reveal caries it is possible to use except for mechanical (probing) and also other irritants (thermal, chemical). On the fissures surface placed cold (5-10° С) or hot (60-70° C) water or warmed-up to soft consistency the gutta-percha. In intact enamel surface the heating of a fissure within the limits of 10-60° C does not cause a characteristic for a caries pain. Chemical irritants can be used such as organic solutions (lactic, apple) acids, and inorganic (hydrochloric, carbolic) acids; solution of sucrose, glucose, alcohol, and ether. Intensity and frequency of the feeling pain almost does not rely on the use of an irritant, but is dependent mainly on its concentration, age of patient (in elderly patients the reaction on the pain feeling low), and organism resistance.

The very effective diagnostic method of acute incipient caries is usage of the reactions with different dyes. They are based on properties of dye to penetrate into the demineralized enamel and, thus, dyeing a caries spot, while in an intact enamel it cannot penetrate. It is used a 2% water solution of methyl blue, a 0,1% water solution of methyl red, carmine, Congo red and others. A tooth is isolated from saliva by cotton rolls, dry out and on its surface with cotton pellet place a dye. In a few minutes the remnants of dye wash off by water and at presence of carious spot the surface of enamel gets the color of dye (dark blue, rose and others). Another method is the use the solution of nitric acid silver, in a caries spot it is restored to metallic silver under influencing of present in her products of protein disintegration. A spot here acquires the black color. More rapid renewal of silver in this reaction can be attained by placed on the treated by nitric acid silver surface of enamel the repairer, for example a 4% solution of hydroquinone.

In a carious spot the quantity of mineral components (apatites) of enamel diminishes because of processes of demineralization. It causes changes of conductivity of this hard tooth tissues, namely to its increase, because electric resistance of such area of enamel diminishes. The method of electro diagnostic of initial forms of caries was founded (Novik I.O., 1951; N.A.Kodola, 1956). By the special device the conductivity is measured between the surfaces of affected by a pathological process (caries) or suspicious on its presence and intact enamel areas. A tooth is isolated, dry out, an active electrode is placed on the suspicious area of enamel surface and the passive is placed in the patient hand. If enamel surface is intact, the conductivity is practically equal to the zero because of large electric resistance of intact enamel. At caries presence the conductivity arises. Approximately on the same principle based the method of electro diagnostics of caries offered by V.K.Leontyev (1983).

Very useful method for diagnostic caries lesions is transillumination. It is possible to apply the method of luminescent diagnostics, which is based on the phenomenon of fluorescence of intact hard tooth tissues under action on them of ultraviolet rays. The special ultraviolet lamps are used for this purpose. In the black-out apartment the surface of tooth is lighted by a lamp in the distance by 20-30 sm. By fluorescence intact dental enamel shines light-green or bluish light, while areas affected by caries areas do not radiate light.

The histological features at an initial caries are characterized development of different degree of enamel demineralization. At the enamel section the body of caries lesion has the triangle appearance with the basis turned on to enamel surface. At the study in the polarized light depending on the structure changes in the enamel lesion distinguish a few areas. The most demineralized is sub superficial lesion layer, which is covered by the mineralized superficial enamel layer. This interesting phenomenon is explained by the remineralization processes of carious lesion by the mineral components of saliva, if an oral fluid is unable to provide remineralization of the demineralized enamel area the rapid development of caries lesion occurs.

The surface texture of an incipient lesion is unaltered and is undetectable by tactile examination with an explorer. A more advanced lesion develops a rough surface that is softer than the unaffected, normal enamel. Softened chalky enamel that can be chipped away with an explorer is a sign of active caries.

In the interior layers of white caries spot there are the changes both enamel rods surfaces and prisms themselves. In separate areas the crystals of apatites are destroyed, their orientation in rods changes, in formed microspaces there are atypical crystals. Fragmentation of crystals, formation of homogeneous fine-grained substance and disappearances of visible border, between prisms is marked in future.

Non-cavitated enamel lesions retain most of the original crystalline framework of the enamel rods and the etched crystallites serve as nucleating agents for remineralization. Calcium and phosphate ions from saliva can then penetrate the enamel surface and precipitate on the highly reactive crystalline surfaces in the enamel lesion. Remineralized (arrested) lesions can be observed clinically as intact, but discolored, usually brown or black spots.

Depending on the degree of the demineralization G.Gustafson (1975) distinguishes five zones. Most deeply in the enamel there is placed hypermineralization zone with disappearance enamel structural components. In the second zone there is reduction of its hardness because of partial dissolution of enamel minerals, in the third - increase of mineralization. In a sub superficial fourth demineralization zone the minerals are almost fully washed. In a superficial fifth zone there can be complete disintegration, however it during long time remains enough mineralized and undamaged, even when caries spread on all thickness of enamel. At a polarization microscopy five zones (S.N.Onishenko, 1968; V.P.Zenovskiy, 1970) distinguish: 1) superficial, 2) sub superficial, 3) central - body of caries lesion, 4) intermediate and 5) internal - translucent zone of enamel. These zones are characterized by a different degree of transparency, therefore still named as superficial, dark (body of lesion) and semi-translucent zones (A.Darling, 1959)

There were the four regularly observed zones in a sectioned incipient lesion: (1) the translucent zone, (2) the dark zone, (3) the body of the lesion, and (4) the surface zone.

Zone 1: Translucent Zone. The deepest zone is the translucent zone and represents the advancing front of the enamel lesion. In this zone, the pores or voids form along the enamel prism (rod) boundaries, presumably because of the ease of hydrogen ion penetration during the carious process. The pore volume of the translucent zone of enamel caries is 1%, 10 times greater than normal enamel.

Zone 2: Dark Zone. The next deepest zone is known as the dark zone because it does not transmit polarized light. This light blockage is caused by the presence of many tiny pores too small to absorb quinoline. These smaller air- or vapor-filled pores make the region opaque. The total pore volume is 2% to 4%.

Zone 3: Body of the Lesion. The body of the lesion is the largest portion of the incipient lesion while in a demineralizing phase. It has the largest pore volume, varying from 5% at the periphery to 25% at the center. The Retzius striae are well marked in the body of the lesion, indicating preferential mineral dissolution along these areas of relatively higher porosity.

Zone 4: Surface Zone. The surface zone is relatively unaffected by the caries attack. It has a lower pore volume than the body of the lesion (less than 5%) and a radiopacity comparable to unaffected adjacent enamel. The surface of normal enamel is hypermineralized by contact with saliva and has a greater concentration of fluoride ion than the immediately subjacent enamel.

As the enamel lesion progresses, conical-shaped defects in the surface zone can be seen by SEM.

Also was revealed, that in the caries enamel lesion (carious spots) the volume of microspaces is increased. If in an intact enamel they make approximately 0,2% from the general volume of this tissue, in a carious spot the volume of microspaces increases to 0,8% in a superficial zone and till about 16% in subsuperficial and central zones. There is decline of enamel hardness which is most distinct in the central area of carious lesion.
Histopathology. Initial demineralization, namely the decline of calcium content in a superficial layer of white carious spot takes place on the so-called Retzius striae (concentric lines) of. At the teeth sections with pigmented spots the same changes similar as in white spots are revealed. Electron microscopic studies have revealed the sub superficial layer of demineralization with widening of inter-crystallite distance. Also revealed is the large area of lesion and dimensions of microspaces with formation of microlesions. Actually the formation of brown pigment in a spot is connected with the accumulation in spot of amino acid such as tyrosine with further its transformation into pigment melanin. Under a white caries spot does not still revealed changes of dentinoenamel junction, under pigmented spots such changes is revealed. 

The reactive changes were revealed in dentin: the narrowing of dentinal tubules, appearances of layer of translucent (sclerotic) dentin; the odontoblasts changing in the pulp areas according to the caries lesion. Electron microscopic studies of dentine with an incipient caries allowed to revealed two phases of pathological process development in spot. At the first phase there are the rough changes of odontoblastic processes, destruction of collagen fibers of dentine matrix. Disorganization of odontoblasts layer, pathological changes of nervous fibers and vessels were revealed in pulp. At the second phase, on a background of further progress of these changes, the destroying of form and dimension of dentin apatites crystals developed, in its tubules begins the deposition of mineral salts.
Superficial caries. In some period of time in the center of caries spot the superficial layer of enamel loses the integrity and in enamel defect appears. In an acute superficial caries the patients complains of insignificant pain, more frequent on feeling of soreness of the mouth and affected tooth, which caused by chemical irritants and quickly disappeared after stopping of irritant action. Sometimes there can be short-term pain from thermal and mechanical irritants, more frequent in a place of caries lesion.
At the examination of tooth in the area of chalky white color spot revealed of defeat of a shallow enamel defect (cavity) is determined, placed within the enamel borders. The enamel wall of lesion is softened, yellow-grey color by and some sensible at probing. Sometimes may be only rough surface, but after removing softened enamel surface the lesion (cavity) was found.

A chronic superficial caries has course mainly without the pain feeling. Rarely may be insignificant pains from chemical irritants which at once disappeared after their removal. On the surface of enamel revealed small enamel lesion (cavity), with enough dense yellow-brown or brown color enamel walls. A cavity has wide, exposed, without overhanging margins entrance opening. Probing of carious defect is practically painless. When superficial caries located in fissures the margins of lesions remained undamaged.

Superficial caries is diagnosed on such basis: a) patientʼs complaints of short-term pain feeling mainly from chemical irritants; pain disappeared after stopping of irritant action; b) revealing of shallow carious cavity, located within the limits of enamel, or of fissures pigmentation on occlusal surface, in which by probing the softened demineralized enamel is revealed: c) painful preparation of hard tooth tissues especially at the dentinoenamel junction.
Histopathology. The main features consist of complete destruction of all enamel rods (prisms) in the body of lesion. Around it there is disintegration of peripheral areas of enamel prisms, increase of inter-prism distances with the further involving in the pathological process of dentinoenamel junction. Thus in enamel formed a different sizes cone-shaped lesion.The apex of lesion reaches a dentine in which also the process of demineralization and initial destruction begins. All these changes are more expressed at the acute caries course and less at chronic, in the last case the widening inter-prism distances contain the large amount of pigments (mainly brown).

In the areas of dentine, which located closer to the caries enamel lesion the characteristic changes are also revealed. Directly near dentinoenamel junction dentinal tubules are widening and filled microorganisms. In deeper dentin layers the tubules are narrowed, sclerotic, the dentin matrix hypermineralized forming zone translucent or sclerotic dentin. In pulp according to localization of caries cavity odontoblasts are deformed, reduction in quantity, the subodontoblastic plexus capillaries are widening.
Middle caries (caries media). After destruction by the pathological process of dentinoenamel junction caries begins quickly to spread in a dentine. As a middle caries (caries media) mean such pathological condition, when a caries cavity located in mantle dentin. The patient with acute middle caries often complains of feeling pain. More frequent the pain has weak intensity and appeared only at action of irritants: chemical, thermal, mechanical. On the tooth surface there is a chalky white colors caries spot with the enamel defect in a center. Examination of the cavity is difficult because of narrow entrance opening. A cavity usually has a depth 1,5- 2 mm, is filled by food remnants and softened dentin. Complete examination of carious cavity is possible only after removing by the instruments (burs, excavators) of overhanging chalky white color enamel margins. Cavity most wide near dentinoenamel junction and gradually narrows towards pulp. The softened dentine which covers a cavity, has grey-white or yellow color, rarely is it pigmented. The degree of dentine softening depend of activity of caries process: at acute (rampant) caries the hard tooth tissues are most softened like a cartilage, at chronic course it may be harder and pigmented. Probing of carious cavity is practically painless except dentinoenamel junction.
A chronic middle caries has practically little clinical symptoms. In some case may be weak pain which appeared because of action of chemical, rarely thermal and mechanical irritants and is at once stopped after their removal. At the examining a caries cavity with the enough wide entrance opening is revealed, it located in mantle dentin, depth of cavity is 1,5-2 mm depending on the surface of tooth. The caries cavity is covered with enough dense pigmented dentin, floor and walls of cavity are painless at probing. During electric pulp testing (electro odonto-diagnostic method) the pulp reacts on strength of current 6-12 mkA.
Histopathology. The development of caries leads to some pathohistological changes in hard tooth tissues and pulp. In an enamel it have practically the same character, as at incipient caries with addition the lesion with the walls consist of broken and accordingly changed enamel prisms. More various are the histological features in a dentine and distinguish such zones.
Zones of Dentinal Caries (J.B. Summit et al., 2001).Caries advancement in dentin proceeds through three changes: (1) weak organic acids demineralize the dentin; (2) the organic material of the dentin, particularly collagen, degenerates and dissolves; and (3) the loss of structural integrity is followed by invasion of bacteria. Five different zones have been described in carious dentin (Fig. 38). The zones are most clearly distinguished in slowly advancing lesions. In rapidly progressing caries, the difference between the zones becomes less distinct.
1. Zone of disintegration. It is characterized by the complete loss of any dentin structure, its almost complete demineralization and softening. The areas of dentin closer to periphery of lesion are practically destroyed, brown or rather yellow-brown color. There is considerable accumulation of microorganisms in this dentin, at the chronic caries course - also and pigments. The depth of this destruction zone is different depending on duration and caries: it is enough considerable at acute caries and less at chronic course.
2. Zone of demineralization. It is located deeper than previous zone, in it a dentin still saves its structure, but is considerably changed. Dentinal tubules are unevenly extended on comparison with normal. At caries first changes the processes of odontoblasts and not diameter of dentinal tubules. The tubules broaden unevenly forming cavities, which contain great numbers microorganisms, mainly streptococci. The same bacteria also accumulated in tubules, infected the products of disintegration odontoblasts processes and penetrated into peritubular dentin. There is considerable reduction of quantity of mineral matters revealed in the of dentine matrix.

In the demineralization zone in the direction of pulp there are revealed more frequently the areas of sound dentine with the right structures. These areas are lighter on tooth section. In these areas dentinal tubules are narrower, some of them obliterated and do not contain bacteria. Towards pulp these areas connected together in the continuous layer of so called transparent dentin.

3. Zone of transparent (sclerotic) dentine. In this area a dentin completely saves the tubular structure, but its organic matrix heavy mineralized and therefore dentinal tubules are narrowed. Mineral salts are settled down in dentinal tubules and dentin becomes a homogeneous structure. These areas become more transparent on teeth section than surrounding hard tooth tissues. The high mineralization of dentinal tubules diminishes a difference between the indexes of light refraction of separate structural elements of dentin - obliterated dentinal tubules and organic matrix, therefore a dentin becomes optically homogeneous. A transparent dentine frequently meets at a chronic caries and is almost absent at acute caries. The clinical observations and experimental researches proved a transparent dentine as a protective structure which represents resistance of organism to the pathologic process - caries.

A transparent dentine which appears at a chronic caries is characterized by more high micro hardiness (R.G.Sinitsin, 1970). On comparison with normal a transparent dentine is characterized in one case by the increase, and in other - reduction of general degree of mineralization. Thus, its homogeneity does not rely on absolute contents of mineral components, and is connected only with reduction of differences between the light refraction indexes of different dentin structures.

4. Zone of the visible unchanged dentine (it can be sometimes almost absent). In it dentin has practically unchanged, dental tubules correctly oriented and contains the odontoblasts processes. The dentine organic matrix also practically unchanged and contained the usual quantity of mineral components.

In those case, very strong stimuli (microflora and others), which influence on hard tooth tissues and pulp exceeds their protective possibilities, the protective layer of transparent dentine does not appear. As a result of such irritant action on the odontoblasts some tooth area, their processes in dentinal tubules are undergoing disintegration and the tubules filled by air and bacteria. On tooth section such empty tubules are black painted and known as «dead tracts». Clinically at probing of such areas there are practically complete absence of sensitiveness.

5. Zone of the secondary (reparative) dentin. As a defence reaction on caries development the cellular elements of pulp – odontoblasts – react by increasing of dentinogenesis - formation of the secondary dentin. It produced directed against a specific area in places closer to caries cavity and served as protective barrier for pulp. A new formed dentin has an enough irregular structure: there are areas which contain dentinal tubules (regular dentine) and present areas without tubules (irregular dentine). Secondary dentin is more mineralized than primary dentine, and that is more resistance to caries development. Formation of the secondary dentine is the defence pulp reaction.
There is another systematic of these zones.
Zone 1: Normal Dentin. The deepest area is normal dentin, which has tubules with odontoblastic processes that are smooth, and no crystals are in the lumens. The intertubular dentin has normal cross-banded collagen and normal dense apatite crystals. No bacteria are in the tubules. Stimulation of the dentin (e.g., by osmotic gradient [from applied sucrose or salt], a bur, a dragging instrument, or desiccation from heat or air), produces a sharp pain.
Zone 2: Sub transparent Dentin. Next is the sub transparent layer, which is a zone of demineralization of the intertubular dentin and initial formation of very fine crystals in the tubule lumen at the advancing front. Damage to the odontoblastic process is evident; however, no bacteria are found in the zone. Stimulation of the dentin produces pain, and the dentin is capable of remineralization.
Zone 3: Transparent Dentin. The transparent layer is a zone of carious dentin that is softer than normal dentin and shows further loss of mineral from the intertubular dentin and many large crystals in the lumen of the dentinal tubules. Stimulation of this region produces pain. No bacteria are present. Although organic acids attack both the mineral and organic content of the dentin, the collagen cross-linking remains intact in this zone. The intact collagen can serve as a template for remineralization of the intertubular dentin, and thus this region remains capable of self-repair provided the pulp remains vital.
Zone 4: Turbid Dentin. Turbid dentin is the zone of bacterial invasion and is marked by widening and distortion of the dentinal tubules, which are filled with bacteria. There is very little mineral present and the collagen in this zone is irreversibly denatured. The dentin in this zone will not self-repair. This zone cannot be re-mineralized and must be removed before restoration.
Zone 5: Infected Dentin. The outermost zone, infected dentin, consists of decomposed dentin that is teeming with bacteria. There is no recognizable structure to the dentin and collagen and mineral seem to be absent. Great numbers of bacteria are dispersed in this granular material. Removal of infected dentin is essential to sound, successful restorative procedures as well as prevention of spreading the infection.
All these areas are best distinguished at the chronic course of middle caries. At acute caries it prevailed that the processes of destruction and demineralization in all dentin depth up to the pulp. Also there is not formation transparent and secondary dentin, therefore proper zones on tooth sections are absent.

The substantial changes of different pulp components are revealed: the intercellular matter becomes transparent, widening distances between separate collagen fibers. Odontoblasts lose their specific structure, their cytoplasm becomes homogeneous and electron dense, which evidenced of the odontoblasts damage. Blood vessels widened, there are breaks of capillaries walls, penetration leucocytes and erythrocytes into pulp tissue. There is disorganization of odontoblastic layer, destruction of nervous fibers and further development of inflammatory changes in pulp. These changes depend of the caries course: they are most expressed at acute course.
Deep caries (caries profunda). It is characterized by formation of caries cavity which affected almost all layers of dentine practically to pulp and located in circumpulpal dentin.Patients with an acute deep caries complain of causal pain which arises up because of action of thermal, mechanical, chemical irritants and disappears after their removal. Inserting into the carious cavity of a cotton pellet with hot (no more than 50° C) or cold water, and also ether, as a rule, is accompanied by the sharp pain reaction, nevertheless, pain is disappears after the removal of the irritant from the cavity. Carious cavity is located within the limits of circumpulpal dentin with the overhanging margins of enamel. Enamel around the entrance of the cavity softened chalky white color. A caries cavity is filled with softened dentin, grey-whitish or yellow color. At probing it revealed a painful area at the floor of the cavity and dentinoenamel junction. Frequently it is the places of projection of pulp horns, which directly react on irritants; nevertheless, perforation of carious cavity is absent. At acute deep caries, probing of caries cavity floor must be made very carefully. In the points of pulp horns projection of the dentinal wall is very thin, a dentine is softened and may be easy pierce by a probe and injure the pulp. It is accompanied by a sharp pain and the appearance in the carious cavity a drop of blood.
At the chronic deep caries the complaints on pain can be absent or an insignificant, brief pain after thermal, chemical and mechanical irritants is revealed. Defect of hard tooth tissues located in limits of circumpulpal dentin, large enough in size, and occupies a considerable part of tooth crown. Cavity is wide opened outside (the overhanging edges of enamel are broken off because of their fragility). Hereupon the transversal sizes of cavity exceed its depth. A wall and floor of carious cavity is filled to enough dense, pigmented dentin but without sclerotic brilliance. Pigmentation of its walls and floor has an enough wide spectrum - from yellow-brown to brown and even almost black color. Probing of walls and floor of cavity is painless, because of development under them well expressed areas of transparent and secondary dentin. Surface of carious dentine is rough when probing and it is heavy enough to excavate. Development of such cavity lasts for years.

Along with the traditional methods of examination in caries diagnostics use of an electric method - electro testing of nervous receptors of pulp and periodontal ligament – electric pulp testing (electro odonto-diagnostic). It was revealed that intact tooth pulp and also teeth with caries reacts on strength of current within the limits of 2-6 mkA. In case of a deep caries degenerative changes in pulp are more expressed, so it reacts on 15-20 mkA. After the correct medical treatment the excitability of pulp is gradually restored. Decline of excitability within the limits of 15-60 mkA point at the prevailing inflammatory process crown pulp, 60-100 mkA – diffuse inflammation in all (crown and root) pulp. Decline of excitability more than 100 mkA, point at death of pulp and reaction on the electric current nervous receptors of periodontal ligament.
Histopathology. The pathohistological features in hard tooth tissues are practically the same as at a middle caries. Sometimes, because of small thickness of dentinal partition between a carious cavity and pulp, not all zones of lesion can be expressed. At the acute caries course there is the predominance of the demineralization processes. Common reduction of the cellular elements number, hyperemia and edema of pulp, perivascular infiltrates, and increase nervous fibers thickness are revealed in pulp.

Except of the acute and chronic caries course in a clinical conditions there is distinguished the most rampant caries - caries asutissima and arrested (stationary caries or caries stationaria). Caries acutissima often arises up in a child's age weakened by different systemic childrenʼs diseases. In adults it can arise as a complication after surgical removing of salivary glands: and because of the absence a selection of saliva the xerostomia («dry mouth») develops. Thus the processes of remineralization of the hard tooth tissues by saliva are seriously violated, and results in the caries development. It is characterized by the very rapid (within the limits of 2-5 weeks) development of carious lesions. The numerous lesions developed on most teeth with formation of a few cavities on the one tooth crown. Enamel on the areas of lesion heavy demineralized, chalky white color, a dentine is softened to cartilage consistency, its layers easily removed by excavator. The carious lesions developed very quickly from the incipient lesion to deep cavity and almost develop caries complications – inflammation of pulp (pulpitis) and periodontal ligament (apical periodontitis).

The pathohistological features of this caries form are characterized by the predominance of the demineralization processes with destruction of hard tooth tissues. The defence reactive zones (sclerotic, secondary dentin) are practically absent. The clinical variant of such caries course is known as caries florida.

Arrested (stationary) caries or halted caries is considered as variant of chronic caries development. At favorable conditions and sufficient organism resistance the caries development stopped and carious cavity does not spread deep into hard tooth tissues. In hard tooth tissues this caries form may be consider as an original «scar», that indicates on the caries process, because of the hard tooth tissues are not regenerated. In case of incipient caries it is possible to speak about demineralization affected hard tooth tissues. A white carious spot can fully disappeared; brown (pigmented) carious spots because of the expressed pigmentation are remained pigmented on enamel even after stopping of the caries process.

Initial and the subsequent stages of arrested caries development are characterized by the intensive (dark-brown) dentine color in the lesion. The pain feeling are fully absent because of high enamel and dentine mineralization in carious cavity. The affected hard tooth tissues had practically the same or and even more high degree of mineralization of hard tooth tissues. In some cases protective mineralization is so expressed, that a dentin becomes glassy and had considerable barrier properties. Even in a deep carious cavity is not feeling of pain in action of any (chemical, mechanical, thermal and that similar) irritants. The high level of mineralization of the affected hard tooth tissues results in such a state, that when because of unfavorable conditions begin there is further caries progress so new lesions appear on other surfaces of the tooth and not at the place of high mineralized arrested (stationary) caries.

A stationary caries is frequently the result of the original development of chronic caries. The defects of hard tooth tissues have the wide entrance opening, which exposed saucer like form. At very deep carious cavities their floor can already be within limits of the secondary dentine, that it is placed below than level of vault pulp chambers. It is explained by very slow development of caries, which destroyed not only primary dentine and spread within the limits of the secondary dentine. Because of such chronic caries course the pulp has enough time to form the considerable protective layer of the secondary dentin. There is not the perforation of pulp chamber, infection of pulp and pulpitis development.

The caries is characterized by causal pain, which arises only because of the action of different (chemical, thermal, mechanical) irritants and disappears at once after stopping of irritant action. Unlike pulpitis pain it is localized, and never is there irradiation of pain into other places of maxillary-facial regions. The disease duration in case of acute course can be within the limits of a few months, while at chronic - months and for years.


MEDICAL TREATMENT OF DENTAL CARIES 

Medical treatment of caries consists of a row of measures of both systemic and local character depending on the stage of development of pathological process and character of its course. In early stages (caries incipient) this complex of measures is directed on the removal or reduction of effect of action of demineralized factors, and also on renewal (remineralization) of partly demineralized hard tooth tissues. When a pathological process spreads to enamelodentinal junction, strikes a dentine and appears carious cavity, conservative (remineralization) therapy can not result in success. It is connected with such condition that hard tooth tissues do not possess property to regenerate the primary form in the area of caries lesion. Therefore for local medical treatment of carious cavities their preparation is used, with the subsequent filling of cavity and renewal of anatomic form of tooth by filling material.

How justly mark E.Helvig, Y.Klimek, T.Attin (1999) it is presently observed the tendency to refuse of principle «only filling effectively protects from caries» in favour to primary atraumatic restorative treatment or minimal invasive treatment with the subsequent control of surfaces affected by caries.


Neither of the varieties of restoration treatment of dental caries may to name fully «curing». Destroyed by a caries hard tooth tissues (and adjoining areas of healthy enamel) are not substituted for by formed again enamel and dentin. Besides, there is no existing restoration material capable during all life to protect hard tooth tissues from further destructive caries processes. Tooth filling is only symptomatic treatment which does not eliminate the etiologic factors of dental caries.
Therefore the prevention of development caries lesions (prophylactic measures) is the basic principle of caries treatment, rather than – the necessary medical treatment (remineralization therapy) and, in the last turn, as the forced measure – of filling the caries cavity with filling materials, conducted along with the measures of the second caries prophylaxis.
Thus, now there are two main methods of local caries treatment: 1) caries treatment without preparation and filling - remineralization therapy, and 2) operative caries treatment by the operative preparation of demineralized hard tooth tissues with the subsequent filling of carious cavity. The choice of treatment method depends of the stage of caries development, activity of caries (rampant or chronic), localization of carious cavity, age and general condition of patient.

Preventive treatment methods are designed to limit tooth demineralization caused by cariogenic bacteria, thereby preventing cavitated lesions. They include: (1) limiting pathogen growth and metabolism and (2) increasing the resistance of the tooth surface to demineralization.

Disease caries control concerns influencing biofilm formation and growth, or modifying the dissolution kinetics of the apatites, or both. The following may have a role to play:

• mechanical/chemical removal of plaque (oral hygiene)

• chemical (antimicrobial) modification of plaque

• use of fluorides

• dietary composition

• salivary composition and stimulation.

BACKGROUNDS OF REMINERALIZATION THERAPY

1) Ability of restoration the level of hard tooth tissues mineralization during incipient caries.
2) Phenomenon of enamel permeability for mineral matters.
3) Dynamic balance processes of demineralization and remineralization in enamel.
4) Ability of fluoride for restoration enamel mineral structure.
5) Phenomenon of «enamel maturation» in children.

The dentist must make the treatment plan with estimation reliability of caries progressing that is estimate cariogenic situation of the patient and degree of risk caries progression and development of secondary caries. For this purpose pay attention to the quantity of present caries lesions (spots and cavities), determined the DMF index, character of caries activity, the hygienic state of the oral cavity (it is possible by determining a hygienic index by Fedorov-Volodkina and others), the amount and frequency of the use with food of carbohydrates (sucrose), character of saliva flow and other. Patient age, social conditions, general condition, ration of feed also is taken into account. The very important is usage the special test sets of presence in the oral cavity the acidophilic streptococci and lactobacilli (streptococci or lactobacilli tests). All it is summarize and allows estimating a cariogenic situation at the given patient and elaborating the most effective treatment plan: the local (remineralization, sealants, filling) and general treatment.

For estimation of the probability of caries development separate patients use quantitative estimation of dental smear and composition of its microflora. Most often it is the aim of using the cultures from saliva or dental smear for either the Streptococcus mutans (streptococci test) or Lactobacillus acidophilus (lactobacilli test). For this purpose the special sets of preparations are developed (e.g., «Dentocult»). After stimulation of saliva flow by mastication of paraffin by the special plastic stick once or twice taking away of saliva is collected in special test tube. The saliva with special nourishing solution and indicator placed on two days in a thermostat at a temperature of 37° C. After this time determine the closeness of colonies microflora population of nourishing substrates by the colonies of Streptococcus mutans or Lactobacillus acidophilus. It is determined by estimation of the degree of painting of the test tube content by a special indicator through the special templates. The more intensive coloring the more there are these cariogenic microorganisms in saliva and the higher probability of caries development at the given patient.

Thus, summarize these finding it is possible to make the prognosis of caries development at the given patient. It is considered (E. Helvig, Y.Klimek, T.Attin, 1999), that probability of caries development is equal to the zero in the case:

· negative result of test at determination of Streptococcus mutans or Lactobacillus acidophilus in saliva;

· low speed of formation of dental smear and dental plaques;

· the optimum hygienic status of the oral cavity;

· absences of initial carious lesions or presence of single lesions:

· absences of a new acute caries lesion;

· high speed of saliva flow (more than 1 ml/min);

· low level of the usage of cariogenic food (sucrose) during intervals between the basic eating.

Probability of caries development considerably will grow in the case:

· positive results of test at determination of Streptococcus mutans or Lactobacillus acidophilus in saliva;

· high or very high speed of formation of dental smear and dental plaques;

· the unsatisfactory hygienic status of the oral cavity;

· high degree of development of acute initial carious lesions on different tooth surfaces;

· low speed of saliva flow (less than 0,7 ml/min);

· the frequent use of cariogenic food (sucrose) during intervals between the basic eating;

· low buffer capacity of saliva.


Conservative medical treatment (remineralization therapy) of dental caries can be conducted only on the stage of absence cavity in hard tooth tissues, which is at caries incipient, when anatomic integrity of enamel is not broken. Data about permeability of hard tooth tissues for the ions of different mineral substance served by pre-conditions of conservative medical treatment of caries incipient, above all things there are calcium and fluoride. Because of penetration of these substance in the demineralized areas of carious lesion (spots) it is possible its remineralization. It would be incorrect to speak about the regeneration of enamel, as for the process of regeneration is characteristic renewal of identical tissues with all its physiological features. In this case at remineralization there is the deposit of calcium and fluoride salts in the areas of remineralization.

In the enamel of intact teeth pass simultaneously the processes of demineralization and remineralization, which are found in a definite dynamic balance. At incipient caries there is gradual displacement of this equilibrium toward predominance of demineralization. Nevertheless, on this stage of pathological process under influencing of definite special medical remedies, change of composition of saliva, character of nutrition and others it is possible its reverse development and renewal of balance the processes of demineralization and remineralization.


Similar properties of hard tooth tissues, and also property of enamel in the physiological condition for mineralization after of teeth eruption (maturation of enamel) were served as pre-conditions for creation of artificial sources of addition to hard tooth tissues macro - and microelements with the purpose of medical treatment and prophylaxis of caries. On this basis were developed different methods of pathogenetic medical treatment of early stages of tooth (incipient caries) by remineralization its hard tissues. On the whole for local remineralization therapy of incipient caries such groups of medications can be used:


1. Means, which affect mineralization of enamel (restore and complement in the crystals of enamel ions which are absent in them at a caries; affect on kinetics of mineralization and others).


2. Means, which hinder to adsorption of organic matters (acids, toxins and other products of vital functions of microorganisms) on the surface of hard tooth tissues (desorbents, hydrofobic pellicle coverages, sealants).


Various preparations of fluoride, calcium, phosphor-calcium combination, complexes of mineral components (Remodent) and others behave to the first group. Their penetration into the demineralized enamel areas promotes its remineralization, to renewal of degree of mineralization, promotes stability of enamel to action of acids and other cariogenic factors. Preparations of fluoride, pectins, natural and synthetic varnishes, and various fissure sealants hinder to adsorption of organic matters.

Frequently for remineralization preparations of calcium and fluoride are applied. The usage of different calcium salts had pathogenetic ground by its predominance among other mineral elements in the structure of hard tooth tissues apatites (hydroxyapatite and other). Efficiency of fluoride preparations application is conditioned by its influence on the some mechanisms of pathological process.

A fluoride stimulates fluorapatite formation in hard tooth tissues, which is more hard and acid proof, than other apatites. As a result fluorapatite on the enamel surface formed fluorapatite layer which hinders the penetration of microorganisms and their acids into the enamel surface. 

Fluoride can inhibit bacterial enzymatic processes involved in carbohydrate metabolism. Enolase and therefore the transport of glucose involving the PEP (phospho-enol-pyruvic acid) phosphotransferase system which is found to be active in many of the important strains of oral Streptococci. Enolase is highly sensitive to fluoride inhibition and may be partially inhibited by 0.5-1 ppm fluoride.

Fluoride can inhibit bacterial phosphatases which are involved in degradation of sugar phosphates.

Fluoride can inhibit cation (potassium) transport which is closely associated with carbohydrate metabolism.

Inhibition of demineralization.

These inhibitory mechanisms are affected by the hydrogen ion concentration of the plaque fluid. A decrease in pH results in a greater inhibitory action on bacterial carbohydrate metabolism which it has been suggested occurs because the unionized hydrofluoric acid formed at lower pH values diffuses more readily into bacteria than do fluoride ions.

A fluoride inhibits the reproduction of microorganisms by inhibition the activity of bacterial enzymes, suppresses activity of enolase (enzyme which converts phosphoric-glycerin acid into pyruvic acid). By such way fluoride reduced the acids formation by the dental plaque microorganisms. Simultaneously the fluoride blocks the reactions of synthesis by the microorganisms of extracellular polysaccharides dextrans and levans, which providing attachment of dental plaque to the enamel surface. A fluoride also inhibits bacterial enzymatic processes involved in carbohydrate metabolism (glycolysis) in saliva and a microorganisms of dental plaques and smear. Fluoride changes electric potential of enamel surface, which hinders bacterial adhesion to the enamel surface. Fluoride penetrates into the depth of hard tooth tissues and stimulates pulp to formation of the secondary and transparent dentin.

In 1936 I.G.Lukomskiy developed the method of teeth fluoridation: treatments of white and brown carious spots by a 75% fluoride paste (contained 75% sodium fluoride). Teeth were isolated from saliva by cotton rolls, dried out and than in carious spots rubbed by a spatula a fluoride paste. But in this methods were used very high fluoride concentrations. Usage of optimally fluoridated paste or solution results in the incorporation of fluoride in enamel as a fluor-hydroxyapatite (fluor apatites) crystal. When concentrated topical fluoride agents react with enamel the initial reaction product is not fluorapatite but complex calcium salts (calcium fluoride) or other compounds depending upon the topical reagent used and the conditions of the reaction. The reaction between enamel and fluoride at high concentrations (above 100 ppm) and low pH results in the formation of large quantities of calcium fluoride.

I.O.Novik and S.I.Frankovskaya (1958) proposed for medical treatment of initial caries application and electrophoresis 1% solution of sodium fluoride. The surface of teeth carefully cleaned from dental plaques by an excavator or special brushes and pastes. Teeth isolated from saliva and on the caries lesion placed cotton pellet or small gauze serviette moistened by 1% solution of sodium fluoride. Duration of application 15-20 minutes, during this time 3-4 times change the cotton pellet with sodium fluoride solution. The course of medical treatment consists of 15-20 daily applications. More effective there is for the introduction of fluoride into enamel by electrophoresis 1% solution of sodium fluoride that provides more deep penetration of fluoride ions in to the hard tooth tissues. Thus it is possible except for a 1% solution to use some less concentrations of sodium fluoride, for example, 0,4-0,1% solutions. In the special room for physical therapy procedures a patient is sat in an arm-chair in front of electrophoresis device. Teeth isolated by cotton rolls, dry out and on them placed small gauze serviettes moistened by 1% solution of sodium fluoride. On serviettes placed half-round or the spherical form active (negative) electrode, and the passive is fixed on the forearm of patient on a moistened with physiologic solution serviettes. Duration of procedure is 10-20 minutes, on the course of medical electrophoresis treatment with 10 attendances.
Mode of Fluoride Administration

Tablets. The most practical method of systemic administration of fluoride is in the form of tablets or solutions (drops). Currently most tablets available commercially contain either 1 mg of fluoride (2.2 mg of sodium fluoride), 0.5 mg of fluoride (1.1 mg of sodium fluoride) or 0.25 mg of fluoride (0.55 mg of sodium fluoride).
Solutions. Fluoride solutions (drops) may be prescribed instead of tablets. Mainly it contains 1.0 mg of fluoride ion to 1 liter of water. This mode of administration is particularly suitable for children under 2 years of age.
Multiple Vitamin-Fluoride Supplements. Vitamin-fluoride preparations that contain 0.25, 0.5 and 1 mg of fluoride ion per dose are commercially available. Also, fluoride supplements must be continued long after vitamin preparations have ceased to be administered.
Fluoride-Supplemented Salt. The successful supplementation of salt by iodine, for the prevention of goiter, facilitated the introduction of fluoridated salt. A study with fluoride-supplemented salt started in Switzerland in 1955 [Marthaler et al., 1978]. In Switzerland, fluoridated salt containing 90 ppm of fluoride was available for domestic use by a population of 5.5 million. The data obtained from children up to 9 years of age indicate that fluoride-supplemented salt has a significant cariostatic effect.
Safe Amount of Fluoride to Prescribe. Fluoride, like many other trace elements (copper, iron) and chemicals, is potentially toxic. For this reason, it is suggested that no more than about 100 mg of fluoride ion be prescribed at one time. Thus, even an accidental swallowing of this total amount would not be lethal.
Changes after fluoride treatment
The variant of introduction of ions of fluoride by the special device is possible by another electrotherapy method of rhythmic galvanization. The advantage of this methodic is exclusion of polarization which during electrophoresis hinders to more deep penetration of fluoride ions into hard tooth tissues. The recommended optimum duration of impulses of rhythmic galvanization makes 60 ms.

After some time of electrophoresis it is possible to mark disappearance of feeling of soreness of the caries spot from chemical irritants, stopping of further increase of carious lesion sizes and arising density of spot surface. Disappearance of white carious lesion can be marked on occasion, nevertheless more frequent it become denser and acquire the rather yellow or yellow-brown color, which characteristic for arrested caries. Taking into account these circumstances it is recommended to conduct periodic examinations of patients with an initial caries for determination of efficiency of medical treatment: arrested or, vice versa, further progressing of caries lesion.

For prolongation of fluoride action on hard tooth tissues medical forms which provided adhesive fluoride preparation to the enamel were developed, in particular fluoride varnishes and gels. Fluoride varnish is composition of natural resins of viscid consistency yellow color, which contains 1-5% fluoride (frequently as sodium fluoride). For example, it is widely applied in practice of using fluoride varnish “Ftorlak”, which contains 5% sodium fluoride, 40% silver fir balsam, 10% shellac, 12% chloroform, 24% ethyl alcohol and others. A number of various fluoride varnishes is proposed, for example, «Fluor Protector», «Duraphat», «Bifluorid 12» («VOCO»), «Belagel F», «Belak F» («VladMiVa», Russia) and others. Teeth are isolated from saliva, dry out and on the area of demineralized enamel placed fluoride varnish, which dries up on the surface of enamel during 4-5 minutes. Afterwards it is recommend that the patient dose not have food for 2-3 hours in order to save this varnish film. It holds on the tooth surface during a few hours, which provides the long contact of fluoride with tooth enamel. Fluoride gels are like applied. On the whole the course of remineralization therapy consists of 15-20 attendances which are conducted every day or through a day.

Except of sodium fluoride is effective application of a 4% solution of tin fluoride (I.Meyers, 1968). This method is based on property of tin ions to take active part in the reaction of apatites formation: tin fluoride reduced energy on the surface of enamel apatite crystals and stabilized them. As a result this forms a practically insoluble fluoride connection - fluorapatite with the inclusion of tin in its composition. Also are used and other fluoride connections in particular zinc fluoride, potassium fluoride, lead fluoride and others. The organic compounds of fluoride also are effective – amino fluoride, which is deeply penetrated into the enamel and will remain longer time in the enamel. These connections inhibit formation of dental plaques and promote enamel resistance to acids action.

For the bigger depth of fluoride connections penetration into affected enamel in 90th years the deep fluoridation was offered (A.Knappvost, 2001). This method consists of sequential processing of enamel at first by solution of magnesium-fluoride silicate, and then suspension of calcium hydroxide (accordingly preparations № 1 and № 2 from the complete set).

As a result of such treatment in enamel formed fluoride-silicate complex, which spontaneously disintegrates during long period of time with formation of microcrystals (50 angstrom) of calcium fluoride, magnesium fluoride and copper fluoride and also polymerized silica acid. The crystals of fluorides localize both on a surface, and, most important, at deep enamel layers and protected it from acid destroying. They select in high concentration during long period of time (more than 1 year) a fluoride which is promoted a reliable enamel remineralization.

For local medical treatment of initial caries a preparations of calcium are widely used: a 10% solution of calcium gluconate or calcium chloride, 5-10% acidified solution of calcium phosphate, a 2,5% solution of calcium glycerol phosphate. Apply them for applications and electrophoresis (the ions of calcium are entered from a positive electrode - anode). The course of medical treatment depends on caries activity, number of caries lesions and others and can achieve 15-20 applications or 10-15 procedures of electrophoresis. Efficiency of remineralization action of calcium preparations is multiplied at their combination with phosphorus preparations. As a remineralization preparation the solution which contains a 11% calcium and 22% phosphorus is also used (A. Iraig, I. Iraham, 1975). Calcium-phosphate gels which provide long remineralization action were also developed. As a remineralization mean can be used fluid containing synthetic hydroxyapatite.

For the remineralization treatment was recommend (T.L.Tishenko, 1985) to apply varnish which consists of a 30 mg calcium glycerol phosphate and 1 g tsiacrine glue (MK-2-2). Carefully mix the mixture of preparations and place it on the cleaned and dried up surface of white caries spot. Polymerization of varnish comes in a 0,5-1 minute.

Combine application of calcium and fluoride preparations is effective, thus expediently at first to enter preparations of calcium glycerol phosphate (5-6 applications or the course of medical electrophoresis treatment up to 10 attendances). A similar sequence of conducting of manipulation treatments is caused by those circumstances, that fluoride connections (for example, fluorapatites ) which appear in enamel penetrate deeper in it and detain the calcium connections (for example, hydroxyapatite and others). Frequently a 10% solution of calcium gluconate and 1-2% solution of sodium fluoride are used.

Acid calcium-phosphate gels in combination with a fluoride (1% sodium fluoride) gel were offered (V.K.Leontev and al., 1983). It is used for application on the areas of carious lesions and for cleaning of teeth (2 times per day during a month).

At incipient caries the application of remineralization preparations which contain the whole complex of mineral matters of inherent for an intact enamel and dentine of teeth is effective. «Remodent» is the example of such type of preparations, which contains an approximately 4,35% calcium, 1,36% phosphorus, 0,15% magnesium, 0,2% potassium, 16% sodium, 30% chlorine, 44% organic matters, 3,94% different microelements (manganese, iron, copper and others). A 3% solution of «Remodent» is used for applications on the areas of demineralized enamel during 15-20 minutes (for this time cotton pellet with the «Remodent» can be 2-3 times replaced new); on the course of medical treatment 20-30 applications.

On the basis of the «Remodent» preparation the gel «Belagel Ca/P» («VladMiVa», Russia) with prolonged action was developed. Duration of action of preparation is achieved due to formation of fluorapatite film, from which gradually free and penetrate into enamel the ions of calcium, phosphorus, magnesium, potassium and others, which render remineralization action.

Remineralization action is had by preparations of strontium, in particular strontium chloride. For application on white carious spots a 25% water solution of strontium chloride and 75% chloride-strontium paste is used. Course of medical treatment is 20-30 applications.

As a result of the effectively conducted medical treatment (remineralization therapy) the demineralized areas of enamel diminishes in sizes or disappeared. Transition of caries in its stationary form is possible: in such cases a carious spot changes the color from chalky white to yellow or brown and some diminishes in sizes. For determination of efficiency of conducted remineralization teeth are painted by dyes, for example, by a 2% water solution of methylene blue. If renewal the degree of mineralization of mineral structures of enamel happened, the area of caries spot is not painted by methylene blue or the degree of painting is insignificant.

Fluoride is acquired into enamel by the systemic route from ingestion of fluorides in water, beverages, foods or supplements and topically from oral fluids and topical fluoride preparations. Topical acquisition is restricted to the enamel surface while systemic fluorides are predominantly incorporated pre eruptively during the process of maturation. A gradient concentration, with a decreasing concentration towards the dento-enamel junction, exists in unerupted and erupted teeth. Fluoride is preferentially acquired by the more porous surface of etched enamel. The fluoride exchanges with hydroxyl ions to form the more stable fluorapatite.

The mechanism of the cariostatic action of fluorides involves several subtle effects on the mineral phase of enamel and the metabolism of dental plaque bacteria. In vivo during mineralization and in vitro during remineralization, fluoride acts as a catalyst causing transformation of the highly soluble calcium-phosphate phases to the more stable, less soluble hydroxy and fluorapatite. During the demineralization-remineralization episodes of the carious attack fluoride favors the formation of larger, less reactive and more acid-resistant crystals. Fluoride also fills in the voids where hydroxyl ions are missing and thus stabilizes the crystal lattice structure of enamel. In addition, plaque fluoride, particularly during acid attacks or after a topical application of fluoride in the form of gels, solutions or dentifrices, may reach ionic concentrations high enough to exert an antibacterial effect. Some clinical evidence exists that fluoride may affect morphology of the teeth by reducing the depth of fissures. The property of fluoride which enables it to catalyze the formation of fluorapatite rather than the more soluble calcium phosphate salts may also be related to enhanced remineralization, and hardening of the enamel surface. Where high concentrations of fluoride may accumulate, as in the bacterial plaque, fluoride may inhibit bacterial metabolism.

It has long been recognized that pits and fissures, especially of occlusal surfaces of teeth, are most susceptible to caries. At localization of carious spots in fissures of molars and premolars one of effective methods of medical treatment of such caries is sealing with pit and fissure sealants. Pit-and-fissure sealants provide a safe and effective method of preventing caries. Sealants are most effective in children when they are applied to the pits and fissures of permanent posterior teeth immediately upon eruption of the clinical crowns. Adults also can benefit from the use of sealants if the individual experiences a change in caries susceptibility because of a change in their diet or medical condition.

Fluoride treatment is capable of rendering tooth surfaces more acid resistant and in some circumstances also may arrest active caries. Sealants were designed as a preventive measure, yet studies have shown that deliberately sealing active carious lesions effectively arrests the caries progress by cutting off the nutrient supply to the pathogenic plaque trapped under the sealant.

Pits and fissures typically result from an incomplete coalescence of enamel and are particularly prone to caries. These areas are insufficiently mineralized (as compared with cusps) after tooth eruption. Pits and fissures are the retentive places for accumulation food remnants which can lead to caries development. The fissures sealing hinder these retention and demineralization of enamel by means of microorganism’s acid. From the other hand during treatment of incipient caries sealing creates conditions for the enamel remineralization from the pulp.

For fissure sealing a number of the most various preparations is used. For filling of microspaces which appear in enamel at incipient caries the simple chemical matters can be used: silver nitrate, zinc chloride. Actually for fissures sealing cements are use (polycarboxylate, silicate, polyacrylic, glass-ionomer cements), composites (chemical and light cured). For bigger remineralization action in sealant composition the fluoride preparations are entered. There is the row of requirements for sealants and it is possible to divide them into the row of groups (L.A.Homenko et al., 1993).

1. Chemically simple: silver nitrate, zinc chloride.

2. Cements: polycarboxylate, silicate, polyacrylic, glass-ionomer, composite cements.

3. The unfilled acrylic resin.

4. Sealants on the basis of composite materials and compomers:

а) chemical cured (polymerization);

b) light cured (polymerization). 

The basic requirements to sealants:

1) to have strong adhesion to hard tooth tissues;

2) to have sufficient strength (compressive and tensile) and stability to abrasion;

3) to have stability of color and absence of property to paint hard tooth tissues;

4) to be easy for application in clinical conditions and, in particular case, in pedodontics.

On the basis of composite materials a number of most various sealants was created, chemical and light polymerization. They differ from composites considerably by fewer amounts of inorganic fillers, which give sealants considerable fluidity. This allows them to penetrate on a considerable depth in affected by the pits and fissures caries hard tooth tissues. Besides of fissures sealing many sealants additionally contain different fluoride connections, the ions of which are capable deeply penetrated into enamel. Their deficiency is the relative insufficient strength (but only when compared to the other composite materials). However safety these (on the basis of composite) sealants in teeth fissures is enough long - to 2 years and more. This term it is fully enough for maturation or remineralization enamel in fissures. At a necessity it is easy to repair the broken sealant in fissures by placing of additional sealant layer. On today practically all producers of composite materials produced sealants with a different, sometimes double mechanism of polymerization. Very well showing in the clinical conditions the such sealants: «Concise White Sealant» («3M ESPE»); «Dyract Seal», «Delton DDS plus», «Delton LC» («Dentsply»);«Helioseal», «Helioseal F» («Ivoclar-Vivadent»); «Aeliteseal», «Sealant», «Fortify» («Bisco»)and others.
Indications for Sealants. Fissures are susceptible to caries (Ripa, 1993) because of their anatomy, favoring plaque maturation and retention. This could imply that fissures should be sealed as early as possible during the stage of eruption to prevent lesion development. The indications for fissure sealants are:

• active fissure caries has been diagnosed

• a high risk has been established

• fissures are deep and the patient or parent either cannot, or will not, remove plaque effectively.

Sealant application may be advised both in young children with erupting teeth and sometimes in older patients (Ripa et al., 1988).
Regardless of age, caries risk of an individual should be the major factor for selecting teeth for sealant application. Sealants may be indicated for either preventive or therapeutic uses, depending on the patient's caries risk, tooth morphology, or presence of incipient enamel caries.

Clinical studies also show that sealants can be applied even over small, cavitated lesions, with no subsequent progression of caries. However, it is recommended that sealants be used for the prevention of caries rather than for the treatment of existing carious lesions. Therefore a recent bitewing radiograph should be made and evaluated before sealant placement, to ensure no dentinal caries is evident. Only caries-free pits and fissures or incipient lesions in enamel not extending to the dentinoenamel junction (DEJ) currently are recommended for treatment with pit-and-fissure sealants.
Clinical Technique. Because materials and techniques vary, it is important to follow the manufacturer's instructions for the sealant material being used. A standard method for applying sealants to posterior teeth is presented. The tooth is isolated by a rubber dam (or cotton rolls). The isolation of the area is critical to the success of the sealant. Because sealant placement in younger patients is more common, the molar teeth are often not fully erupted, and therefore isolation is difficult. If proper isolation cannot be obtained, the bond of the sealant material to the occlusal surface will be compromised, resulting in either loss of the sealant or recurrent caries under the sealant. The area is cleaned with slurry of pumice on a bristle brush. Bristles reach into faulty areas better than a rubber prophy cup, which tends to burnish debris and pumice into the pits and fissures. The tooth is rinsed thoroughly while the explorer tip is used carefully to help remove residual pumice or additional debris. After the area is dried, a liquid acid etchant (35% to 50% phosphoric acid) may be placed on the occlusal surface with a small sponge, brush, or applicator tip for 30 seconds. Gel etchants, traditionally used for most restorative procedures, may have less ability to effectively penetrate into the pits and fissures (Fig. 39).

Next, the tooth is rinsed with water for 20 seconds while the area is evacuated, and then dried of all visible moisture. The properly acid-etched enamel surface has a lightly frosted appearance. Fluoride-rich, resistant enamel may need to be etched longer. Any brown stains that originally may have been in the pits/fissures may still be present and should be allowed to remain. The self-cured sealant is mixed and applied with a small applicator provided in the sealant kit. The sealant is gently teased to place, to avoid entrapping air, and it should slightly overfill all pits and fissures. Some operators prefer light-cured sealants, which also work well. After polymerization of the sealant, the rubber dam is removed, and the occlusion is evaluated using articulating paper. If necessary, a round 12-bladed carbide finishing bur or white stone is used to remove the excess. The surface usually does not require further polishing.
Deep penetration into dentin of components forming the composite adhesive system and reliable hermetic sealing of dentinal tubules served by foundation for the empiric use of the adhesive systems at medical treatment of the hyperesthesia of enamel and dentine. Besides the diminishing of the hyperesthesia this preparation protect hard tooth tissues from the abrasion. The manufacturer proposed special preparation - «Seal&Protect» («Dentsply»). It is the mixture of methyl methacrylate (MMA) monomers an acetone basis, contains nanofillers and antibacterial remedy - triclosan. It is enough important that preparation had significant bond strengths with the surface of tooth enamel without the acid etching of hard tooth tissues. The layer of preparation placed on the cleaned and dried dentin surface and cured by light. This procedure is repeated once again for the receiving of sufficient protective layer. The effectiveness of this procedure is very high: the hyperesthesia of enamel and dentine diminishes during one year (K.P.Pflug, A.E.Gruttsner, 2000). The “Super Seal (“Bisco”), “Admira Protect” preparation” possesses a similar action (“VOCO”).

Presently besides such type of preparations appeared row of other special desensitizer. On the mechanism of action they subdivide on: 

1. Containing HEMA, unfilled:

а) with glutaralaldehyde - “Gluma Desensitizer” (“Heraeus Kulzer”), “Quadrant FinSense” (“CAVEX”);
b) without glutaralaldehyde - “HurriSeal” (“Beutlich Pharmaceuticals”), “Aqua Prep F” (“Bisco”), “Hemaseal” (“Advantage Dental Products”), “PrepEze” (“Jeneric/Pentron”).

2. Containing HEMA, filled - «Seal & Protect» («Dentsply»), “Super Seal” (“Bisco”), and “Admira Protect” (“VOCO”).
3. Containing superficially active mattersand weak acid – “Tublicid Blue Label”, “Tublicid Red Label” (“Global Dental Products”)/
4.Forming difficult salts on the surface of dentin – “Pain Free” (“Parcell”), “D/Sense 2” (“Centrix”), “Zarosen” (“Cetylite Industries Inc.”), “Super Seal” (“Amalgadent”).
Simultaneously with conducting actually of remineralization therapy to the patient necessarily recommends strictly hygienic measure of oral cavity. Today there is developed a lot of various tooth-pastes, elixirs and other dentifrices, which contain a fluoride, calcium and other mineral matters. Their rational application together with conducting of remineralization therapy has enough high clinical efficiency. As a rule, to the patients recommend to be found on clinical consideration and periodically (in 3-6 months) visit the dentist.

Thus with a hygienic purpose for the influence on hard tooth tissues and the prevention of the formation on them of dental plaques different groups of matters can be used. According to data of American Dental Association (ADA) these facilities can be divided into such categories:

1. Antiseptic facilities with the wide antibacterial spectrum (phenols, triclosan, chlorhexidine gluconate and others).

2. Antibiotics able to control the definite types of microorganisms.

3. Separate complexes of enzymes, able to decomposed dental plaques or change its metabolism.

4. Un-enzymic agents able to change metabolism of microorganisms of dental plaques (delmopinol and others).

5. Facilities preventing bacteria adhering to the enamel surface (sodium benzoate and others).


At the chronic course of incipient caries (yellow and brown caries spots) remineralization therapy is not obligatory. In the case of limitation of the ingestion of sucrose in food and proper hygienic care of teeth it is possible to be limited only by application of tooth-pastes containing remineralized components. In obedience to modern standards practically all tooth-pastes contain in the composition various connections of fluoride, calcium and other mineral matters which give them anticaries action. In those cases when caries spots are localized on frontal teeth and there are the cosmetic defects of them it is possible abraded them from the enamel surface of with subsequent remineralization treatment of these areas. Before spot abrasion use application of bleaching facilities which contain a 10% carbamide peroxide for reduction of level of spot pigmentation and accordingly less volume of deleting of enamel. If for the complete removal of spot it is necessary to delete the big enamel layer, restore forming defect by composite materials or compomers. At the use of other filling materials a defect is prepared by all rule of preparation of carious cavities. Umber and black dense carious spots are the signs of arrested (stationary) caries and, as a rule, do not require the special remineralization medical treatment, except for the cases of their deleting as cosmetic defects.

Except for preparation at a chronic caries pigmented spots can be deleted by the method of enamel microabrasion. An enamel microabrasion is the controlled deleting of changed in a color enamel by the mixture of powder of pumice and acid, usually hydrochloric acids. For this purpose used special device - «HANDIBLASTER» («Bisco»). This method is effective for medical treatment of superficial enamel discolorations (white or brown spots) caused by orthodontic treatment. A device with the stream of air gives on the surface of tooth abrasive powder (usually aluminum oxide) for preparation or treatment of surface of tooth before filling. Size of particles are usually 10-50 m. Basic advantages of the given method are that such microabrasion less traumatic, less invasive, so that sometimes at its application local anaesthesia is not required. It is ideally suitable for pits and fissures preparing before of its sealing and conservative medical treatment of I and V classes of cavities with the use of flow composites. The lacks of this method are a necessity in the special equipment, high-speed deleting of dust from the operating field and high cost of equipment.
OPERATIVE CARIES TREATMENT (RESTORATION)
The treatment regimen is dictated by the patient's caries status. If the patient is at high risk for caries development, his or her treatment should consist of both restorative procedures and many of the preventive measures described previously. Then the damage done by caries can be repaired and the patient's risk status for further caries attacks reduced.

If the patient has cavitated carious lesions, they should be restored first in the treatment regimen, sometimes using caries control restorations. By restoring the teeth first, large numbers of MS organisms and their favored and protected sites will be removed. If antimicrobial therapy is instituted first, it may disrupt the oral flora but allow the virulent cariogenic organisms in the unrestored cavitated areas to then flourish in unprotected sites. Restorations remove large masses of infectious organisms, but more importantly, they remove habitats for more bacterial adherence.

Now there exist several standards of operative caries treatment (restorations):
Standard 1. Treatment provided caries lesion elimination, keeping remaining hard tooth tissues and pulp defence. During caries cavity filling may not restore anatomical form of tooth crown and functional value of the tooth. 
Standard 2. These treatment methods, not only provided anatomic tooth restoration, but also its function. Less importance attach to its cosmetic feature. Such conception is characteristic to amalgam, gold restorations with different prognosis of its long-term existence.
Standard 3. Treatment methods, which provided anatomic tooth restoration, its function and cosmetic feature. The restoration should be imperceptible from the distance of direct personnel contact (0,5-0,8 m). These requirements correspond modern composite restorations.

Once caries has produced cavitation of the tooth surface, preventive measures are usually inadequate to prevent further progression of the lesion. Surgical removal of the lesion and restoration of the tooth then are required to eliminate the progression of the lesion. Currently, operative treatment constitutes the majority of all caries treatment. Restoration of carious lesions is the most effective method for control of the progression of active, cavitated lesions. The term caries control refers to an operative procedure in which multiple teeth with acute threatening caries are treated quickly by: (1) removing the infected tooth structure, (2) medicating the pulp, if necessary, and (3) restoring the defects with a temporary material. With this technique, most of the infecting organisms and their protecting sites are removed, limiting further acute spread of caries throughout the mouth. The caries control procedure must be accompanied by other preventive measures that reduce the likelihood of continued buildup or presence of pathogenic organisms. Teeth rapidly treated by caries control procedures are subsequently treated by using routine restorative techniques, if appropriate pulpal responses are obtained. Also, the intent of caries control procedures is to make immediate, corrective intervention in advanced carious lesions to both prevent and assess pulpal disease and avoid possible sequelae such as toothache, root canal therapy, or more complex ultimate restorations.
During operative caries treatment and filling caries cavity are recommend to fulfill such requirements:
1. Completely removed destroyed by caries hard tooth tissues under sufficient anaesthesia; 

2. Create most convenient conditions for firm and reliable fixations of restorations in prepared caries cavity;

3. Antiseptic preparation carry out simultaneously with thoroughly drying prepared hard tooth tissues;

4. Rationally select filling material according classes caries cavity and properties of restorative materials, following the rules of its manipulation and inserting into caries cavity;

5. Grinding finishing and polishing the restoration. 
Distinguish such steps in caries treatment:
-preparation of the oral cavity;

- anaesthesia:

- preparation of caries cavity (tooth preparation);

- placing isolating or medicament base (liner);

- filling;

- modeling,

- final grinding, finishing and polishing of the restoration.
Rubber dam (coffer dam) application
Rubber dam – thin latex or non latex (silicon) square form sheets (rubber dam sheet), which can isolate operated teeth from oral fluid and oral cavity (Fig. 40).
For the rubber dam application are needed:
· Rubber dam punch that is convenient for the operator and creates a sharp clean hole in the dam material;

· Clamps, which permit dentists to place a clamp and dam on a majority of teeth;

· Special clamp forceps for placing clamps on teeth;

· The U-shaped rubber dam frame is made of either metal for use in restorative dentistry;

· Thin latex or non latex (silicon) square form sheets (rubber dam sheet).
Methods of pain control (anaesthesia) during caries treatment (preparation of caries cavity):
1. Application anaesthesia of hard tooth tissues;

2. Electro analgesia, reflex analgesia, audio analgesia;

3. Psychotherapy (hypnosis);

4. Local anaesthesia (infiltration, block anaesthesia);

5. Narcosis (intravenous, inhalation). 
Methods of local anaesthesia:
1) submucous anaesthesia;

2) sub-periosteum anaesthesia;

3) supraperiosteal anaesthesia;

4) spongeous intraosseous anaesthesia;

5) spongiosusintraseptum anaesthesia;

6) periodontal ligament (PDL) injection;

7) intrapulpal injection;
For best results in tooth preparation it will need:
in every individual case distinct determined all elements of prepared caries cavity, permits adequate vision of the area being operated on; consecutive fulfill  all steps of tooth preparation;

to have a clear imagination about possibilities usage and selection of instruments (various form and sizes burs, excavators) for receiving need retention and resistance form of caries cavity;

to follow all principles of tooth (caries cavity) preparation –reasonable biologic, outline form and initial depth, pulp topography, and reasonable technical knowledge (rationally selection and usage of instruments). 

TOOTH PREPARATION

Tooth preparation (the term cavity preparation is used only as a historical reference) is defined as the mechanical alteration of a defective, injured, or diseased tooth to best receive a restorative material that will re-establish a healthy state for the tooth, including esthetic corrections where indicated, along with normal form and function. Included in the procedure of preparing the tooth is the removal of all defective or friable tooth structure because remaining infected or friable tooth structure  may result in further caries progression, sensitivity or pain, or fracture of the tooth and/or restoration.

Because caries is an infectious disease, the removal of the caries during the restoration of a tooth reduces the microorganisms involved in the disease and thereby may reduce the potential spread. However, it should be completely understood that restorative intervention primarily repairs damage caused by caries and by itself does not rid the patient of the factors that caused the disease initially.
OBJECTIVES OF TOOTH PREPARATION
In general terms, the objectives of tooth preparation are to: (1) remove all defects and provide necessary protection to the pulp, (2) extend the restoration (caries cavity) as conservatively as possible, (3) form the tooth preparation so that under the force of mastication the tooth or the restoration or both will not fracture and the restoration will not be displaced, and (4) allow for the esthetic and functional placement of a restorative material.

Most tooth preparations were very precise procedures, usually resulting in uniform depths, particular wall forms, and specific marginal configurations. Such precise preparations are still required for amalgam and cast metal restorations. However, because of the use of adhesive restorations, primarily composites, the degree of precision of tooth preparations has decreased. Many composite restorations may require only the removal of the defect (caries or defective restorative material) and friable tooth structure for tooth preparation, without specific uniform depths, wall designs, or marginal forms. This simplification of the tooth preparation process is due to the physical properties of the composite material and the strong bond obtained between the composite and tooth structure.

Much of the scientific foundation on which these objectives are executed was presented by G.V.Black. For many years the Black tooth preparations, with few modifications, formed the basis for most operative preparation procedures.
Simple, Compound, and Complex Tooth Preparations.A tooth preparation (prepared carious cavity) is termed simple if only one tooth surface is involved, compound if two surfaces are involved, and complex for a preparation involving three (or more) surfaces.
GENERAL RULES OF TOOTH PREPARATION (Fig. 41)

1. Pain control: local anaesthesia, analgesia (inhalation sedation), hypnosis

2. Opening and widening the caries cavity

3. Necrectomy

4. Forming and shaping the cavity

5. Beveled enamel margins
The sequential steps of cavity preparation were established by Black. Black's steps represent a systematic, scientific procedure for efficiency in cavity preparation. Although the technology of bonding restorative materials to enamel and dentin was not available to Black, his steps of cavity preparation are generally as appropriate today as they were when he formulated them:

1. Establish outline form. Outline form is based primarily on the location and extent of the carious lesion, tooth fracture, or erosion. In carious teeth, the outline form is established after penetration into carious dentin and removal of the enamel overlying the carious dentin. The extent of carious dentin should be a primary determinant of the outline form of the preparation; the final outline is not established until the carious dentin and its overlying enamel have been removed.

2. Obtain resistance form. Resistance for the remaining tooth structure and for the restoration must be designed in the preparation, so that the restoration is resistant to displacement and both the tooth and the restoration are resistant to fracture during function.

3. Obtain retention form. Retention may be obtained through mechanical shaping of the preparation to retain the restoration and/or via bonding procedures that attach the restorative material to tooth structure.

4. Obtain convenience form. Convenience form allows adequate observation, accessibility, and ease of operation during preparation and restoration of the tooth. Convenience form that involves the removal of sound, strong tooth structure should be limited to that which is necessary.

5. Remove remaining carious dentin. Removal of remaining carious dentin applies primarily to that in the deepest part (pulpally) of the preparation. Other carious tooth structure was removed when the outline form was established.

6. Finish enamel walls and cavosurface margins. For indirect restorations (those requiring the making of an impression and fabrication of a stone duplicate of the preparation), finishing involves making the walls relatively smooth. For direct and indirect restorations not utilizing bonding, finishing involves removing any unsupported, weak, or fragile enamel and making the cavosurface margin smooth and continuous to facilitate finishing of restoration margins. For bonded resin composite restorations, enamel that is not supported by dentin and is not going to be exposed to significant occlusal loading is frequently allowed to remain in place and is rein​forced by bonding to its internal surface.

7. Clean the preparation. Black referred to this step as "performing the toilet of the cavity." Ft includes washing or scrubbing away any debris in the preparation and drying the preparation. Afterward, the cavity is inspected for any remaining debris, fragile enamel, and demineralized tooth structure.
Classification of tooth preparations according to the anatomic areas involved as well as by the associated type of treatment was presented by G.V.Black and is designated as Class I, Class II, Class III, Class IV, and Class V. Since Black's original classification, an additional class has been added, Class VI.

The conventional design preparation is typical for an amalgam restoration and includes the following characteristics: (1) uniform pulpal and/or axial wall depths, (2) cavosurface margin design that results in a 90-degree restoration margin, and (3) primary retention form derived from occlusall converging vertical walls. Beveled conventional designs are characterized as conventional preparations with beveling of some accessible enamel margins.
Class I Restorations. All pit-and-fissure restorations are Class I, and they are assigned to three groups, as follows: restorations on occlusal surface of premolars and molars; restorations on occlusal two thirds of the facial and lingual surfaces of molars; restorations on lingual surface of maxillary incisors.
Class II Restorations. Restorations on the proximal surfaces of posterior teeth are Class II: the proximoocclusal (MO) conventional preparation, the distoocclusal preparation (DO) and an MOD preparation has similar walls, line angles, and point angles.
Class III Restorations. Restorations on the proximal surfaces of anterior teeth that do not involve the incisal angle are Class III. Walls, line angles, and point angles of a representative conventional tooth preparation.
Class IV Restorations. Restorations on the proximal surfaces of anterior teeth that do involve the incisal edge are Class IV.
Class V Restorations. Restorations on the gingival third of the facial or lingual surfaces of all teeth (except pit-and-fissure lesions) are Class V. For posterior teeth the incisal (i) becomes occlusal (o).
Class VI Restorations. Restorations on the incisal edge of anterior teeth or the occlusal cusp heights of posterior teeth are Class VI.
For revealing softened dentin in caries cavity used special preparations: «Caries marker» («VOCO»), «Caries Detector» («Hager & Werken»), «Seek» (Ultradent), «Радсидент» (Радуга-Р). Its action based on usage 1% solution acid fuchsin in poly-propylenglycol. Some another - «Canal Blue» (VDW), «Sable» (Ultradent) – made on basis of methylene blue. Principle of its action is dyeing of infectious dentin (red, rose, blue color), each removing is easy controlled visually.
“Carisolv”
L. Stridh, C. Hedward (Sweden) and D. Erickson, R. Bronstein (USA) in 1990 г. developed  new preparation for solving caries dentin - “Carisolv” (“Medi-Team АВ”). It consists of two solutions. The first contains leucine, lysine, glutamine acid, sodium chloride, sodium hydroxide and the dye erythrosine. The second contains 0,5% solution sodium hypochlorite. Preparation softened and dyeing caries dentin and facilitated its removing.
Restoration with composite
Isolation for tooth-colored restorations can be accomplished with a rubber dam or cotton rolls, with or without a retraction cord. Regardless of the method, isolation of the area is imperative if the desired bond is to be obtained. Contamination of etched enamel or dentin by saliva results in a significantly decreased bond, likewise, contamination of the composite material during insertion results in degradation of physical properties.

Once the tooth preparation has been completed, the prepared tooth structure is readied for composite insertion and finishing. Treating the prepared tooth for bonding requires etching and then application of an adhesive if only enamel is prepared, or a primer and adhesive if the composite will be bonded to the dentin as well as the enamel.

If liquid etchants are used, they are applied with small cotton pellets, foam sponges, or special applicator tips or microbrushes. The acid (liquid or gel) is gently applied to the appropriate surfaces to be bonded, keeping the excess to a maximum of 0.5 mm past the anticipated extent of the restoration. An etching time of 15 seconds for both dentin and enamel is considered sufficient. For enamel-only preparations, 30 seconds is considered optimal. The area is then rinsed with water.

Once the enamel (and dentin) is etched, rinsed, and left appropriately moist, the primer is applied to both surfaces. Most contemporary bonding systems combine the primer and adhesive into a single bottle, requiring only one application. If this is the case, it is applied to the moist, etched prepared surfaces.
Inserting the Composite. The composite restoration usually is placed in two stages. First, a bonding adhesive is applied (if not already placed during enamel and dentin etching and priming procedures). Second, the composite restorative material inserted. With newer bonding systems the adhesive may be combined with another component of the system, usually the primer. Therefore, as always, etching and priming the prepared tooth structure and placing the bonding adhesive should be done according to the manufacturer's directions (Fig. 42).

Starting in the most remote area of an anterior tooth preparation, the composite is steadily injected, ensuring that the tip remains in the material while slowly withdrawing the syringe. If the area is large, the light-cured composite is placed in 1- to 2-mm thicknesses, with each increment being cured per manufacturer's instructions. Usually a hand instrument is used to adapt the composite to the preparation after each syringe injection of material. When curing, the light tip is kept as close to the material as possible. If using a hand instrument insertion, a small amount of the composite is carried to the remote area of the preparation and condensed and cured; then more composite is placed and cured with care to adapt it well to the internal preparation walls. The preparation is filled to slight excess so that positive pressure can be applied by the matrix strip (Fig. 43).

Following insertion and polymerization of the composite material, the matrix and wedges are removed, the restoration cured again from different angles (if light cured), and the restoration is examined for voids or lack of proximal contacts. If correction is needed, it should be accomplished at this time, because any additions will bond satisfactorily to the uncontaminated, oxygen-inhibited surface layer of the composite material.

Contouring can be initiated immediately after a light-cured composite material has been polymerized or 3 minutes after the initial hardening of a self-cured material.

Polishing the contoured composite restoration is done with very fine polishing discs, fine rubber points or cups, and/or composite polishing pastes. Although conventional finishing techniques produce a smooth surface texture with microfill composites, a higher luster can be obtained by using discs, rubber points, or cups, all of which are specifically made for polishing these materials.
Pulp Protection, if Indicated. The treatment regimen is dictated by the patient's caries status. If the patient is at high risk for caries development, his or her treatment should consist of both restorative procedures and many of the preventive measures described previously. Then the damage done by caries can be repaired and the patient's risk status for further caries attacks reduced.

Although the placement of liners and bases is not a step in tooth preparation in the strict sense of the word, it is a step in adapting the preparation for receiving the final restorative material. Therefore a basic discussion of this subject follows.
The reason for using traditional liners or bases is to either protect the pulp or to aid pulpal recovery or both. However, often, neither liners nor bases are needed. When the thickness of the remaining dentin is minimal, heat generated by injudicious cutting can result in a pulpal burn lesion, an abscess formation, or pulpal necrosis. Thus a water or air-water spray coolant must be used with the high speed rotary instrument. Cutting the dentinal odontoblastic fibrils that previously have not been exposed to any irritating episode such as caries or tooth wear will result in degeneration and death of the affected primary odontoblasts and their extensions. The involved tubules become open, dead tracts. Worse still, if the remaining dentin thickness is 1.5 mm or more and the cutting was done atraumatically using high speed with water or air-water spray, the pulp is not irritated enough to form replacement odontoblasts and therefore no reparative dentin is formed to seal the pulpal side of the dead tracts.
Other pulpal irritants that affect operative procedures are: (1) some ingredients of various materials; (2) thermal changes conducted through restorative materials; (3) forces transmitted through materials to the dentin; (4) galvanic shock; and, most importantly, (5) the ingress of noxious products and bacteria through microleakage.

Certain physical, chemical, and biologic factors should be considered in the selection of a traditional liner or base. The material used should be one that, under the circumstances, more nearly satisfies the needs of the individual tooth. The attainment of generic status by popularization is insufficient basis for selecting a particular material. Rather, selection should be based on an assessment of the anatomic, physiologic, and biologic response characteristics of the pulp, as well as the physical and chemical properties of the considered material.

For high-risk patients will better insure their caries-free status in the future. Intense, short-term use of antimicrobial agents should then be implemented. These may include various fluoride modalities, chlorhexidine, and, sometimes, antibiotics such as vancomycin or kanamycin. These antimicrobial agents will reduce the numbers of cariogenic bacteria and render tooth surfaces more prone for remineralization. The high-risk patient also should be instructed to use fluoride rinses and xylitol chewing gums regularly. After the initial phase of restorative and preventive treatment, the patient should be placed on a strict recall schedule. At recall, restorations and sealants should be evaluated, microbiologic assays done, and a careful clinical examination performed.

Once caries has produced cavitation of the tooth surface, preventive measures are usually inadequate to prevent further progression of the lesion. Surgical removal of the lesion and restoration of the tooth then are required to eliminate the progression of the lesion. Currently, operative treatment constitutes the majority of all caries treatment. Restoration of carious lesions is the most effective method for control of the progression of active, cavitated lesions. The term caries control refers to an operative procedure in which multiple teeth with acute threatening caries are treated quickly by: (1) removing the infected tooth structure, (2) medicating the pulp, if necessary, and (3) restoring the defects with a temporary material.

In the following discussion of traditional liners and bases, the use of the term liners is reserved for those volatile or aqueous suspensions or dispersions of zinc oxide or calcium hydroxide that can be applied to a tooth surface in a relatively thin film and are used to affect a particular pulpal response. Liners also may provide: (1) a barrier that protects the dentin from noxious agents from the restorative material or oral fluids, (2) initial electrical insulation, and/or (3) some thermal protection. Bases are considered those cements commonly used in thicker dimensions beneath permanent restorations to provide for mechanical, chemical, and thermal protection of the pulp. Examples of bases include zinc phosphate; zinc oxide-eugenol; calcium hydroxide; polycarboxylate; and the most common, some type of glass ionomer.
Materials for isolating lining must correspond to the row of requirements:
· To protect (isolated) pulp from the irritating influence of restoration materials;

· Not to irritated pulp or minimum affect it;

· To promote the reliable marginal integrity and don’t hinder adhesion restorative material to hard tooth tissues, especially to enamel;

· To promote the retention of restoration in a caries cavity;

· To stimulate the protective function of pulp to forming by odontoblasts the secondary dentin;

· To possess antibacterial property or didn’t serve for microorganisms by a nourishing environment;

· To be compatible and on possibility monolithic adhering with permanent restorative materials;

· To have proper cosmetic properties( in color, opacity) correspond to hard tooth tissues, especially dentin.
Variants of isolating liners
Bases are considered that cements commonly used in thicker dimensions beneath permanent restorations to provide for mechanical, chemical, and thermal protection of the pulp. Examples of bases include zinc phosphate; zinc oxide-eugenol; calcium hydroxide; polycarboxylate; and the most common, some type of glass ionomer. 
Liners is reserved for those volatile or aqueous suspensions or dispersions of zinc oxide or calcium hydroxide that can be applied to a tooth surface in a relatively thin film and are used to affect a particular pulpal response. A traditional liner is used to medicate the pulp when suspected trauma has occurred. The desired pulpal effects include both sedation and stimulation, the latter resulting in reparative dentin formation. The specific pulpal response desired dictates the choice of liner. 

If the excavation extends into or very close to the pulpal tissue, a calcium hydroxide liner is usually selected to stimulate reparative dentin. In the past, if the excavation depth was between the above examples, a zinc oxide-eugenol liner may have been selected 
Cements. When zinc phosphate, glass-ionomer, or polycarboxylate cement bases are used, tooth depth and the properties of prior liners determine the technique of placement. When there is known or suspected exposure to the pulp, care must be exercised against forcing material into the pulp chamber. Therefore it is essential to either first use a calcium hydroxide cement in adequate thickness or a non-pressure technique for placing an overlay base.
Cements (Dycal -Dentsply, Life -Kerr) – calcium hydroxide salicylate. The main component is salicylate ether which forms combination with calcium hydroxide. Cements contain fillers,  plasticity matters and dyes. 
Calcium hydroxide chelate cements. The value of calcium hydroxide as a pulp-capping material that facilitates the formation of reparative dentin has long been recognized. This action appears to be largely attributable to its alkaline pH and consequent antibacterial and protein-lyzing effect. Although a number of aqueous paste materials based on calcium hydroxide are available, their manipulation is not easy and the dried films tend to crack. 
"Sandwich" Technique. Another proposed treatment is the use of a glass-ionomer or flowable composite material as a liner under some composite restorations. The advantages of this technique for glass-ionomer materials are purported to be: (1) the glass-ionomer material bonds both to the tooth structure and the composite, thereby increasing retention form; (2) fluoride contained in the glass-ionomer material reduces the potential for recurrent caries; and (3) the glass-ionomer material, because of its bond to tooth structure, provides a better seal when used at non-enamel margins. These suggested advantages are controversial. For the flowable composite as a liner under a composite, the purported advantages are: (1) it acts as a shock absorber, distributing stresses applied to the more rigid composite, and (2) it may reduce some of the negative effects of polymerization shrinkage.
Tunnel Tooth Restorations. In an effort to be conservative of tooth structure removal, others advocate a tunnel tooth preparation. This preparation joins an occlusal lesion with a proximal lesion by means of a prepared tunnel under the involved marginal ridge. In this way, the marginal ridge remains essentially intact.

In assessing this technique, the adequacy of preparation access may be controversial. Developing appropriately formed preparation walls and excavating caries may be compromised by lack of access and visibility. Whether or not the marginal ridge is preserved in a strong state also is controversial.

For filling such preparations glass-ionomer cements and  flow composite are used.

As variant of these techniques there is preparation access to caries cavity from vestibular or lingual surfaces - technique of «lateral tunnel» or «slot-preparation»  (J. M. Morrand, P. Jonas, 1995).
CLINICAL TECHNIQUES OF CARIES CAVITY RESTORATION
1. Antiseptic mouth  rinsing

2. Isolation of operating site (rubber dam, cotton rolls)

3. Drying the caries cavity

4. Using traditional liners or bases  to protect the pulp (up to DEJ)

5. Placement and condensing the filling material

6. Contouring of restoration and correction of occlusion

7. Finishing and polishing restoration (when using amalgam - after 24 hours in next visit)
The filling of caries cavity (as example Glass-ionomer cements and compomers). One self-cured hybrid glass-ionomer cement powder contains a radiopaque, fluoroaluminosilicate glass and a micro-encapsulated potassium per-sulfate and catalyst system (resembling to composites). The liquid is an aqueous solution of polycarboxylic acid modified with pendant methacrylate groups.
Glass-ionomer cements are supplied as a powder and a liquid or as a powder that is mixed with water. Several products are encapsulated. On mixing, the polyacrylic and tartaric acids react with the glass, leaching calcium and aluminum ions from the surface, which cross-link the polyacid molecules into a gel.

The setting reaction is an acid-base reaction between the acidic polyelectrolyte and the aluminosilicate glass. The polyacid attacks the glass to release cations and fluoride ions.

Glass-ionomer cements bond chemically to enamel and dentine during the setting process. The mechanism of bonding appears to involve an ionic interaction with calcium and/or phosphate ions from the surface of the enamel or dentine.

The surface of new restorations should be protected from saliva during the initial set with a heavy varnish or light-cured bonding agent.

Glass-ionomers are packaged in bottles and in vacuum capsules for mechanical mixing in an amalgamator. Glass-ionomer cements mixed with the more viscous carboxylic acid liquids have a powder/liquid ratio of 1,3:1, whereas those mixed with water or a liquid with a consistency like that of water have a powder/liquid ratio of 3,3:1. The powder and liquid are dispensed onto a paper or a glass slab.
The cement must be used immediately because the working time after mixing is about 2 minutes at room temperature (23° C).

After placing the restorative and developing the correct contour, protect the surface from saliva by applying varnish. Trimming and finishing are done, if possible, after 24 hours.
Usage of composites, compomers and glass-ionomers

	Type
	Usage

	Hybrid/microfilled composite
	Class I, II, III, IV, V low caries-risk patients

Class I, III, IV medium caries-risk patients

	Compomer
	All classes restorations in primary teeth. Class I, II restorations in children. Cervical lesions, class III, V medium caries-risk patients

	Hybrid glass-ionomer
	Cervical lesions, class III, V primary teeth, sandwich technique, class V, high caries-risk patients, root caries

	Glass-ionomer
	Cervical lesions, class V restorations in adults where esthetics are less important, root caries


COMPOMERS
Compomers are also known as glass-ionomer modified composite resin or poly acid-modified composites. Compomer cement is the newest resin-based glass-ionomer cement indicated for all classes of restorations in primary teeth, class I, II restorations in children, cervical lesions, and class III, V medium caries-risk patients.

The cement powder contains strontium aluminum fluorosilicate glass, sodium fluoride, and self- and light-cured initiators. Some compomers have modified monomers that provide additional fluoride release. The liquid contains polymerizable methacrylate/carboxylic acid monomer, multifunctional acrylate/phosphate monomer, diacrylate monomer, and water. Now compomers are produced in single-paste formulation in compules and syringes, and which are cured only with light.

Setting is the result of self- and light-cured polymerization. Once the cement comes into contact with oral fluids, an acid-base reaction may occur. The carboxylic acid groups contribute to the adhesive capability of the cement. At the second stage material cured with light and take place polymerization of acrylic resins.
Manipulation. Dry the prepared caries cavity of tooth but do not desiccate. The powder/liquid ratio is 2 scoops to 2 drops. Tumble the powder before dispensing. Mix the powder and liquid rapidly for 30 seconds. Place the mixed cement in the caries cavity. A gel state is reached after 1 minute, at which time the excess cement can be removed, then light-cure the material. Setting occurs 3 minutes after start of mix. Once set, compomer cement is very hard.
The light-cured compomers placed in prepared caries cavity from the compule and pack it. Light cure this increment. Repeat this procedure until full packing the cavity with some exertion. Finishing and polishing the restoration. For gross reduction use diamonds, carbide finishing burs, finishing disks and strips. For final finishing use abrasive-impregnated rubber rotary instruments or rubber cup with various polishing pastes. Polishing is the final step of finishing and usually performed with aluminum oxide abrasive instruments with progressively finer grit sizes.
The Condensable composite «Solitaire» used for restoration of molars and premolars. Flow composite and compomers have more liquid consistency: “Revolution” (“Kerr”), “Aeliteflo” (“Bisco”), “Dyract Flow” (“Dentsply”).

These properties allow the use of flowable composites for filling small cavities I, II, V classes, for methodic «sandwich techniques»; as pit and fissures sealants. When using flowable composites the dentist does not need the traditional box preparation. Excising only softened hard tooth tissues and then cavity becomes a spherical form.
Acute deep caries treatment.
Active, rapidly progressing caries urgently needs clinical treatment when dentin softening has progressed at least half the distance from the DEJ to the pulp. Acute caries may progress rapidly without operative intervention. Conventional restorative treatment techniques may not address acute problems with sufficient rapidity to prevent pulpal infection and/or death of the pulp. The treatment objective for caries control is to remove the decay from all of the advanced carious lesions, place appropriate pulpal medication, and restore the lesions in the most expedient manner. Temporary restorative materials (Intermediate Restorative Material [IRM], Fuji IX, or amalgam) are usually the treatment materials of choice. These temporary restorations usually should be replaced with more permanent restorations at a later date, when the factors promoting caries formation have been controlled and the prognosis of the tooth pulp has been determined.

A caries control procedure is indicated when: (1) the caries is extensive enough that adverse pulpal sequelae are soon likely to occur, (2) the goal of treatment is to remove the nidus of caries infection in the patient's mouth, or (3) a tooth has extensive carious involvement that cannot or should not be permanently restored because of inadequate available time or questionable pulpal prognosis.

Anaesthesia is usually indicated for the affected area unless a test preparation for pulpal vitality is to be performed. Anaesthesia usually is essential for providing patient comfort, reducing saliva flow, and promoting good patient cooperation during the procedure. Because pulpal necrosis may occur when oral fluids contaminate exposure sites during excavation of advanced carious lesions, the operating site must be isolated. The rubber dam provides an excellent means of isolation and protection of the excavation site from contamination with oral fluids during the operative procedure, and therefore should be used routinely in most caries control procedures.

The primary objective of the caries control tooth preparation is to provide adequate visual and mechanical access to facilitate the removal of the infected portion of the carious dentin. The initial opening of the tooth is made with the largest carbide bur that can be used. A high-speed handpiece with an air-water spray is the most practical instrument for this procedure.

Once access has been gained, the identification and removal of caries depends primarily on the dentist's interpretation of tactile stimuli. Color differences cannot be used as a reliable index for complete caries removal, although caries-indicating solutions may provide color guides. In rapidly advancing lesions, the softened dentin shows little or no color change while more slowly advancing lesions have more discoloration. Dentin that appears leathery, peels off in small flakes, or can be judiciously penetrated by a sharp explorer should be removed.

Effective caries removal can be accomplished with: (1) hand instrumentation using spoon excavators, (2) a slow-speed handpiece with a large round bur, or (3) a high-speed handpiece using a round bur operated just above stall-out speed (low speed). The use of spoon excavators may result in peeling off amounts of softened dentin larger than intended and therefore result in inadvertent pulp exposure. Rotary instruments provide good control and require less skill. The high-speed handpiece, when running just above stalling speed, provides good control. A simple technique is to run the handpiece slowly enough that the bur stalls shortly after contacting the dentin. Repeated applications of the bur will remove dentin in small increments and allow the operator to carefully monitor changes in both hardness and color. After removal of softened dentin, it is then helpful to carefully evaluate the excavated area with a sharp explorer to determine if the remaining dentin is hard and sound. Extreme care must be used with the explorer to prevent penetration into the pulp.

Usually all soft, infected dentin is removed during caries control procedures. However, in asymptomatic teeth that have deep lesions (where complete excavation of softened dentin is anticipated to produce pulpal exposure), the softened dentin nearest the pulp may be left. The deliberate retention of softened dentin near the tooth pulp and medication of the remaining dentin with calcium hydroxide is termed an indirect pulp cap. The goals of the caries control procedure are to prevent pulp exposure and aid pulpal recovery by medication. The portion of the remaining softened dentin is covered with a calcium hydroxide liner and the excavated area is restored with a temporary material. Calcium hydroxide promotes reparative dentin bridges over any area of frank pulpal exposure. Such repair usually occurs in 6 to 8 weeks and may be evident radiographically in 10 to 12 weeks. Success may be improved with a resin-modified glass-ionomer liner placed over the calcium hydroxide (Fig. 44).
For medical treatment of acute deep caries great numbers of different pastes were proposed.

Antibacterial pastes suppressed microflora and odontotrophic stimulate odontoblasts forming secondary dentin. An antibacterial paste contains antibiotics, antiseptics, silver preparations and others.

Second group of pastes contains medical remedies which stimulate forming secondary dentin: 5% thymol and eugenol-thymol pastes, iodoform paste, 0,7% fluoride paste, 75% strontium paste.

The main group of medicaments using for medical treatment of acute deep caries:

а) Medicaments which stimulate forming secondary dentin - calcium hydroxide, calcium glycerol-phosphate, hydroxyapatite, collagen and others.

б) Antiinflammatory medicaments: corticosteroids (prednisolone, hydrocortisone and others), nonsteroid antiinflammatory - salicylates, indomethacin and others).

в) Antibacterial drugs: chlorhexidine, metronidazole, lysozyme, sodium hypochlorite and others.

г) Proteolytic enzymes: trypsin, chymotrypsin and others in combination with antiseptics (chlorhexidine and others).

д) Another medicaments: EDTA, dimexid zinc  oxide, anaesthetics, different plant oils, vitamins and others.
CALCIUM HYDROXIDE PREPARATIONS
These preparations widely used for medicament treatment of acute deep caries: «Кальмецин» (Russia), «Dycal» (DeTpey/Dentsply), «Calcium Hydroxyde XR» (SPAD/Dentsply), «Alcaline» (ESPE), «Septo-alcaline Ultra», «Calcipulp» (Septodont), «Calcimol», «Calcimol LC» (VOCO), «Life» (Kerr), «REOcap», «REOcap-E» (Vivadent), «Nu-Cap» (GC).

Calcium hydroxide preparations proposed in different forms.
Water solutions (Hypo-cal, Calxyl);

After the involved tooth has been prepared, excavated, and medicated, a suitable restorative material must be placed. The selection of a material depends on both the amount of missing tooth structure and the expected length of service anticipated for this temporary restoration. Amalgam, Fuji IX and IRM are the most frequently used materials for caries control procedures. Sometimes, a tooth-colored material (composite or glass-ionomer) may be contraindicated because of difficulty in removing the esthetic material during the permanent restoration procedure.

The caries control restorations can be replaced after the remaining small- to moderate-sized lesions are completely restored. The interval between the caries control restoration and its replacement with a permanent restoration provides time to complete the following: assessment of the pulpal response to excavation and medication, treatment of the cariogenic infection with prescribed anticaries measures, assessment of the patient's ability to perform oral hygiene procedures, assessment of the patient's compliance with dietary changes, and assessment of caries activity elsewhere in the mouth. This interval may last up to one year.
CHAPTER 5

PULPITIS
Progressive caries destruction of hard tooth tissues without treatment leads to penetration of microorganisms and toxins into pulp, which as a result developed pulp inflammation (pulpitis) and apical periodontitis. So these diseases called caries consequences.

The inflammation of pulp – pulpitis – occurred in 14-25% cases among other dental diseases. Character of pulp inflammation, its course, dynamics of development is usually connected, with different levels of organism resistance. In clinical features processes of exudation, alteration (destruction) and proliferation are prevailed.

The causes of pulp inflammation are microorganisms and different traumatic, chemical and iatral (cavity preparation, restoration, orthodontic movement, periodontal curettage) irritants.
The causes of pulp inflammation are arranged below in logical sequence, beginning with the most frequent irritant, microorganisms:

I. Bacterial (coronal ingress, radicular ingress, retrogenic infection, hematogenic)

II. Traumatic (acute, chronic)

III. Iatral (cavity preparation, restoration, orthodontic movement, periodontal curettage)

IV. Chemical (cements, composites, disinfectants, desiccants)

V. Idiopathic.
Bacterial causes. 

Coronal Ingress. Caries. Caries is by far the most common means of ingress to the dental pulp for infecting bacteria and/or their toxins (Fig. 45). Long before the bacteria reach the pulp to actually infect it, the pulp becomes inflamed from irritation by preceding bacterial toxins. Already even from incipient carious lesions, without cavitation on the enamel surface, microorganisms can reach the dentinoenamel junction. The speed with which pulp reactions take place is obviously related to the amount and degree of calcification of the remaining dentin. Pathosis increased, however, when the lesion reached to within 0.5 mm of the pulp, and abscess formation developed when the irritation dentin barrier was breached.

For the remaining dentin to act as a barrier, it is important to consider both dentin thickness and the degree of mineralization. The most permeable would be dead tract dentin (empty tubules) followed by primary dentin. Irritation dentin, on the other hand, should be considerably less permeable. The supposition can be made, therefore, that the acuteness or chronicity of caries as a disease serves to stimulate the production of an effective irritation dentin barrier. The highly acute lesion evidently over-whelms the pulp’s calcific defence capability, whereas the chronic lesion allows time for an irritation and sclerotic dentin defence to develop. Decalcified leathery dentin might well provide the bacterial pathway for pulp invasion and infection. So, as long as the dentin is not acid-etched by bacteria, they seldom penetrate into the tubules, presumably because they are physically restricted from the tubule orifice by a thin layer of microcrystalline debris. The noxious filtrates from the carious lesion or dental plaque can penetrate into the tubules (where the odontoblast cell body is affected) and into the pulp, where inflammation rapidly develops.

Accidental coronal fracture into the pulp seldom devitalizes the pulp at that instant. Incomplete fracture of the crown (infraction), often from unknown causes, frequently allows bacterial entrance into the pulp.
Most of the bacteria in an endodontic infection are strict anaerobes.The dynamics of bacteria in infected pulp and root canals have been studied in monkeys. After infecting the monkey pulp with indigenous oral bacteria, the cavity was sealed. Initially, facultative bacteria predominated; however, with increasing time, the facultative bacteria were displaced by anaerobic bacteria - 98% of the cultivable bacteria were strict anaerobes. The results indicate that a selective process takes place that allows anaerobic bacteria an increased capability of surviving and multiplying.

Although no absolute correlation has been made between any species of bacteria and severity of endodontic infections, several species have been implicated with some clinical signs and symptoms (Table 12).
Table 12. Bacteria Cultured and Identified from the Pulp and Root Canals of Teeth with Pulpitis
	Bacteria
	Incidence (%)

	Fusobacterium nucleatum

Streptococcus sp
Bacteroides sp
Prevotella intermedia

Peptostreptococcus micros

Eubacterium alactolyticum

Peptostreptococcus anaerobius

Lactobacillus sp
Eubacterium lentum

Fusobacterium sp
Campylobacter sp
Peptostreptococcus sp
Actinomyces sp
Eubacterium timidum

Capnocytophaga ochracea

Eubacterium brachy

Selenomonas sputigena

Veillonella parvula

Porphyromonas endodontalis

Prevotella buccae

Prevotella oralis

Proprionibacterium propionicum

Prevotella denticola 

Prevotella loescheii

Eubacterium nodatum
	48

40

35

34

34

34

31

32

31

29

25

15

15

11

11

9

9

9

9

9

9

8

6

6

6


Radicular ingress. Root caries is, of course, a less frequent occurrence than coronal caries, but it remains, nonetheless, a bacterial source of pulp irritation. Cervical root caries, particularly at the buccogingival, is a common sequela to gingival recession. Caries in the furca also may follow periodontal involvement of this region.
Retrogenic Infection. Periodontal Pocket. The fact that the pulp does not frequently become infected through the apical foramen or lateral accessory canals associated with a chronic periodontal pocket attests to its inherent ability to survive. Periodontists often encounter periodontal pockets that extend to and surround the apex, as well as lateral accessory canals, or accessory canals in the furca area of molars, which also extend into septic and infected pockets. The frequency of deep pocket occurrence explains high incidence pulp microbial contamination.
Retrogenic pulp infection, either accompanying or immediately following an acute periodontal abscess, is also an infrequent cause of otherwise unexplained pulp necrosis. The infection penetrates into the pulp through root canal ramifications - accessory canals.
Hematogenic Infection. Bacteria gaining access to the pulp through vascular channels is entirely within reason. Hematogenic microbial pulp contamination can develop at the flu, osteomyelitis and others. Pulp Inflammation can develop in intact teeth by pulp contamination from neighboring infective source trough apical foramina.
Traumatic causes. 
Acute trauma. The most typical of such types of trauma are partial or complete coronal fracture, root fracture, tooth dislocation. Most pulp death following coronal fractures is incidental to the bacterial invasion that follows the accident. The severe impact injury to the coronal pulp initiates an pulp inflammation. Accidental fracture of the root disrupts the pulp vascular supply; thus the injured coronal pulp can lose its vitality. The apical radicular pulp tissue, however, usually remains vital. As with any other condition affecting the pulp, the younger the patient, then better the prognosis for pulp vitality. The extensive vascular supply through the incompletely formed root end provides a much greater opportunity for repair than the fractured root and disrupted blood supply of a fully formed tooth.
The accessory canals on the root surface may open as a result of periodontal disease and infection penetrate from periodontal pocket into pulp.
Sometimes a trauma develops as result of dentists mishaps — accidental perforation of caries cavity floor and pulp damage by a bur. Tooth preparation for full crown is a very dangerous because of traumatic pulp damage. Extremely heating of pulp up to 55º C may lead to pulp necrosis. 
Chronic Trauma. Osteoporosis and pulp inflammation of mandibular incisors may develop in adolescent who compulsively grind their teeth in protrusive excursion - bruxism. Pulp death or inflammation related to incisal wear or gingival erosion may develop. “Dentrifice abrasion” may also be so severe so as to invade the pulp space. Orthodontic treatment with usage extremely forces may cause disturbance of pulp nutrition and lead to pulp necrosis or inflammation. Teeth overloading as result of occlusal trauma also may lead to pulp necrosis.
Iatral causes
Cavity Preparation. The heat generated by grinding procedures of tooth structure has often been cited as the greatest single cause of pulp damage during cavity preparation. An intrapulpal temperature rise of 55°C caused 15% of the pulps to lose vitality. The basic factors in rotary instrumentation that cause temperature rise in the pulp are as follows:

1. Force applied by the operator

2. Size, shape, and condition of cutting tool

3. Revolutions per minute

4. Duration of actual cutting time

One would surmise that the ultra-speed (300,000 rpm) instruments of today are more traumatic to the pulp than the low-speed (6,000 rpm) instruments of the past. It is possible to “burn” the pulp in 11 seconds of preparation time if air alone is used as a coolant at 200,000 rpm. Such is not the case if adequate air-water coolant is used. It was revealed that speeds of 50,000 rpm and over was found to be less traumatic to the human pulp than techniques using 6,000 and 20,000 rpm. So low speed produces less thermal elevation than high speed which produces less elevation than ultrahigh speed; carbide burs generate less thermal change than diamond instruments; coarse diamonds produce a more pronounced temperature increase than fine diamonds.

There are many day-to-day injuries levied against the pulp that can be prevented: (1) depth of cavity and crown preparation, (2) width and extension of cavity and crown preparation, (3) heat damage and desiccation during cavity preparation, (4) chemical injury through medicaments, (5) toxic cavity liners and bases, (6) toxic filling materials, and (7) prevention of microleakage.
Depth of Preparation. It can be stated categorically that the deeper the preparation, the more extensive the pulp inflammation.
Remaining Dentin Thickness. Finally, it goes without saying that proximity to the pulp and the remaining dentin thickness are probably the most crucial factors in this confusing equation. Microleakage, bacterial irritation or invasion, chemical toxicity, and even hydraulic pressure are all moot if an adequate thickness of dentin is left to protect the pulp. If the remaining dentin is thin, the pulp must be protected. If not protected, hypersensitivity or even inflammation leading to necrosis will develop.
Pulp Horn Extensions. The close proximity of the pulp to the external surface of the tooth, particularly at the furcal plane area, where tooth preparation for full coverage of periodontally involved teeth is so critical, has been emphasized.
Another traumatic factors: the increased incidence of pulp death following pulp exposure after wrong preparation. The advent of pin placement into the dentin to support amalgam restorations, or as a framework for building up badly broken down teeth for full-crown construction, an increase in pulp inflammation and death has been noted.
Restoration. Insertion. Severe hypersensitivity and underlying pulp inflammation and subsequent necrosis, have been noted following the insertion of silver amalgam restorations. This could be related to the force of insertion or possibly to the expansion of the amalgam after insertion. Pain following the insertion of glass ionomer cements and/or composite resins has also been reported. The chemical irritation of the cement liquid is a factor of pulp inflammation.
Heat of Polishing. Finally, but by no means last in order of iatral importance, the pulp damage caused by polishing restorations must be considered. This damage may be compounded by polishing with dry powders while the tooth is anesthetized. The subsequent temperature increase gives rise to the same pulp damage previously discussed under cavity preparation.
Orthodontic movement. Although orthodontists may deny the possibility, dental pulps can be devitalized during orthodontic movement. Not only devitalization but also haemorrhage can occur, for when the patient presents for endodontic therapy, the tooth may be discolored. Paradoxically, the maxillary canine, which is seldom devitalized by other trauma, appears to be the tooth most susceptible to pulp haemorrhage and necrosis under the forces of orthodontic movement; ischemic infarction is probably the best explanation.
Periodontal curettage. Although root planing and root curettage have been shown to stimulate the deposition of irritation dentin, extended curettage can result in pulp inflammation. During curettage of a periodontal lesion that extends entirely around the apex of a root, the pulp vessels may be severed and the pulp devitalized.
Chemical causes

Restorative Materials. Cements. To the severe injury to the pulp from bacteria of dental caries, plus the iatral trauma from cavity preparations, must be added the chemical insult from the various filling materials. The commonly used cements today are zinc phosphate, zinc oxide eugenol (ZOE), polycarboxylate, glass ionomer, and the immediate temporary cements. At one time, silicate cements were used a great deal but have been largely supplanted by composite resins.
Silicate cements have long been condemned both clinically and histologically as a pulp irritant. It was summarized in investigation of the pulp effects of silicate by stating that silicate cement is highly irritating to the pulp and that a nonirritating base, such as ZOE cement, should be used under silicates, especially in younger patients.
Zinc phosphate cement has been both condemned and praised as a cementing medium and an insulating and protective base. Placing cements (zinc phosphate and carboxylates) in the Class V cavities lead after 90 days to healing, with the formation of secondary dentin and slight to no pulpal inflammation. This is owing to the low pH of the mix and the hydraulic pressure of forcing the casting to place, which forces the acid into the dentinal tubules.
Zinc oxide-eugenol still remains the most effective temporary filling material when prevention of pulpal injury is of prime concern.
Polycarboxylate cements, a mixture of resin and zinc phosphate cements, have been heavily advertised as adhesives. Evidently, they do adhere to enamel and also initially adhere to dentin, although this latter bond is soon broken. The experimental results indicate that polycarboxylate cements per se are relatively inert. If used as a base or cavity liner, care should be taken to secure full coverage of all exposed dentin to prevent reactions from microleakage reaching the dentin.
Composites. The composites contain acrylic monomers in their catalyst system, and it can be assumed that the monomer would cause damage, as in the case of the cold-curing resins. In addition to their principal and diluent monomers, composite resins contain other organic chemicals such as silane coupling agents, polymerization inhibitors, initiator-activator components (benzoyl peroxide), and ultraviolet stabilizers. In experimental investigations the composite resins were placed directly into pulp exposures in deep cavities prepared in monkey teeth. All of the composite-capped (unsealed) exposures showed some degree of stained bacteria as well as pulp tissue breakdown, severe inflammation, and necrosis.

So with the clinical use of composite resins, it recommends glass ionomer cements, rather than calcium hydroxide, under composite fillings. If calcium hydroxide must be used (in near exposures or actual exposures), hard, light-activated calcium hydroxide should be used and then covered by a glass ionomer base. In very deep cavities, calcium hydroxide should also be used under glass ionomers. Eventually, the dentin bonding agents may completely replace glass ionomer cements in such situations.
Etching Agents. Initially, citric and phosphoric acids were recommended on both enamel and dentin, apparently with no thought given to pulp reactions. This was followed by a flurry of research efforts purporting to show the deleterious effects of acid treatment of the dentin. In these experiments, a number of factors may have contributed to the pulpal inflammatory response to acid on dentin, including strength of acid (50%), length of application time (up to 5 minutes), remaining dentin thickness, and toxicity of the ZOE test filling materials.
Adhesive system. It was shown that if bonding agents do not completely polymerize, then free monomer may irritate the pulp, especially in deeper cavities.
Disinfectants. Chemical Injury through Medicaments Applied to the Dentin. One could say that pulp injury from chemical irritants can best be prevented by not applying chemicals to the dentin. This prohibition refers to silver nitrate, phenol, alcohol, ether, acetone, thymol, fluoride, and cyanoacrylate, to name a few irritants. 
Silver Nitrate and Phenol. It was found silver nitrate to be devastating to the pulps of monkey teeth when applied to shallow cavities. They also described pulps in a “severely disturbed condition” months following the application of phenol to a deep cavity.
Sodium Fluoride. The irritating effects on the dental pulp of sodium fluoride were noted.
Desiccants. Alcohol, Ether, and Others. Time-honored desiccants, such as acetone, ethyl alcohol, ether, and chloroform, are probably not damaging to the pulp by their chemical action but rather by upsetting the physiologic equilibrium of the dental interstitial fluid. Use of the desiccants is also invariably followed by a blast of air. The irritation from dehydration must be indicted as well.
Physical causes
Some physical influences may cause pulp inflammation. There may be galvanic currents between different metals (artificial crowns, metallic restorations), physiotherapeutic procedures (electrophoresis). The pulp pain may develop during rapid pressure drop. Ionize radiation may cause pulp damage.
Idiopathic causes
Aging. Inevitable retrogressive aging changes take place in the pulp as in all other body tissues. The decreased numbers and size of cells and increase in collagen fiber content have long been noted as an age change. The constant recession of the normal pulp and its production of secondary and irritation dentin are as certain as death and taxes.
An unusual and rare cause of pulpal dystrophy occurs in individuals afflicted with hereditary hypophosphatemia. The pulps in the teeth of these dwarfs appear to be fragile and succumb to what would normally be minor irritating stimuli. Sickle cell anemia, “a genetic disorder characterized by an abnormal haemoglobin molecule which distorts the erythrocyte into sickle-shaped cells,” has been indicted as a cause of pulp death.
Pathogenesis of Pulpitis
Inflammation in the pulp develops in the same manner as in other tissues. The cellular phase is dominated at first by neutrophilic leukocytes; lymphocytes, macrophages, and plasma cells appear later. The last cell types, however, dominate the histological picture during sustained pulp inflammation, giving it the character of chronic inflammation.

Thus, following the vascular phase of the inflammatory reaction, which in the pulp is characterized by a rather slight increase in blood flow, dilation and increased permeability of the capillaries, and accumulation of fluids in the tissue, the neutrophilic leukocytes are attracted to the area by chemotaxis. They pass through intercellular gaps in the vessel walls and accumulate in the tissue, where they function as phagocytes. If at this time the irritants can be removed, there is a considerable potential for repair. If not, probably more neutrophilic leukocytes will arrive on the scene. These cells have a life span of only a few hours and will soon start to break down, releasing toxic cellular components and proteolytic enzymes which may destroy cells, fibers, and ground substance in the inflamed area of the pulp. If the tissue destruction is severe enough, it may be recognized clinically as a drop of pus when the pulp chamber is opened. If the leukocytic breakdown occurs slowly, encapsuled abscesses can form and may be seen microscopically. This encapsulation of the destroyed tissue may for a time delay further tissue destruction. Sometimes even calcification of the abscess membrane is seen. It is not known whether or not pulpal repair may occur at this stage of the inflammatory process.

Gradually, the scene is no longer dominated by neutrophilic leukocytes, but by lymphocytes that have come to the inflamed area, left the capillaries, and aggregated in the tissue. The inflammation is now no longer acute, but chronic, and in addition to the lymphocytes, macrophages and plasma cells will typically be seen in the inflamed area. Both B lymphocytes and T lymphocytes have been recognized in the pulp, representing the humoral- and cell-mediated systems of immunity. Invasion of the pulp tissue by antigenic products may be inhibited by the complexing of these products with antibodies and the formation of antigen–antibody complexes which in turn are phagocytized and digested, especially by macrophages. However, lymphocytes may also have a destructive effect on the pulp tissue, either through direct cytotoxic activity or through biologically active and destructive cytokines. Macrophages can lead to tissue destruction as well through the production of cytokines, collagenase, and other products. Thus, the immune response may inflict further damage to an already injured pulp. This again may result in an increased chemotactic activity and attraction of neutrophilic leukocytes. An acute inflammatory reaction may then be superimposed on the chronic inflammation. This is a rather common occurrence in inflamed pulps, although in many instances an acute episode will be caused by new external irritants reaching the pulp tissue.

Pulpal inflammation is, therefore, a dynamic process. Various stages of the inflammatory process can often be observed in different areas of the same pulp. A typical observation would be necrosis of the tissue in the area where the inflammation started. The tissue subjacent to this area may be inflamed, dominated by the cells typical of a chronic inflammation. Also, in this area one or more encapsulated microabscesses may be seen. Apical to the inflamed area, non-inflamed pulp tissue will be present. Without treatment, the inflammation (and later the necrosis) will gradually spread in an apical direction until the entire pulp becomes necrotic. A total pulpitis in the sense that the entire pulp is infiltrated by inflammatory cells does not seem to occur.

A rare variation in the development of pulp inflammation is the formation of a pulp polyp. Under particularly favorable circumstances, the successive breakdown of the pulp can stop temporarily when a carious attack or a traumatic injury has resulted in an opening of the pulp cavity. Instead of becoming necrotic, the pulp tissue may start to proliferate. A proliferating pulpitis or a pulp polyp then develops. On the surface the pulp polyp normally has a necrotic layer, but in some instances it becomes epithelialized. However, the epithelial lining does not give the protection seen in the gingiva. It is infiltrated with inflammatory cells, is ulcerated, and bleeds easily when touched. Occasionally a pulp polyp may reach the gingiva, and a tissue bridge between the gingiva and the pulp is established. A pulp polyp may last for a relatively long time, but the end result will always be total tissue breakdown as described above.

PULPAL PATHOLOGY
The pulp is basically connective tissue, as found elsewhere in the body. However, several factors make it unique and thus alter its ability to respond to irritation: 

1. The pulp is almost totally surrounded by a hard tissue (dentin), which limits the area for expansion and restricts the pulp’s ability to tolerate edema. 

2. The pulp has almost a total lack of collateral circulation, which severely limits its ability to cope with bacteria, necrotic tissue, and inflammation.

3. The pulp possesses a unique cell, the odontoblast, as well as cells that can differentiate into hard tissue– secreting cells that form more dentin and/or irritation dentin in an attempt to protect the pulp from injury.

Pulpal pathosis is basically a reaction to bacteria and bacterial products. This can be a direct response to caries, microleakage of bacteria around fillings and crowns, or bacterial contamination after trauma, either physical or iatrogenic. The pulp responds to these challenges by the inflammatory process. Histological changes associated with inflammation may occur even with a relatively mild stimulus to the tooth. The vibration of a bur across enamel or the early penetration of caries through the dentinoenamel junction may induce visible, but slight, inflammation in the underlying pulp. The pulp reaction to caries is basically progressive. As the depth of caries increases, the degree of injury increases. Significantly, the inflammation and accompanying  hard tissue reaction tend to localize at the base of the involved dentinal tubules that provide the primary passageway. However, the pulp may withstand a very deep but non-penetrating carious lesion.
CLINICAL CLASSIFICATION OF PULPAL AND PERIAPICAL DISEASE
In the 1960s a number of investigations revealed a lack of a correlation between clinical signs and symptoms and the actual histological status of the pulp. Since the histological diagnosis of a pulp is impossible to determine without removing it and submitting it for histological examination, a clinical classification system was developed. This system was based on the patient's symptoms and the results of clinical tests. A clinical classification of this sort is not meant to list every possible variation of inflammation, ulceration, proliferation, calcification, degeneration of the pulp, or attachment apparatus (M.H.Smulson, 1974; S.Cohen, R.C.Burns, 2002).
Clinical classification:

Pulpal disease
1. Within normal limits

2. Reversible pulpitis

3. Irreversible pulpitis

4. Asymptomatic irreversible pulpitis

5. Hyperplastic pulpitis

6. Internal resorption

7. Symptomatic irreversible pulpitis

8. Necrosis
Periapical disease
1. Acute apical periodontitis

2. Acute periradicular abscess

3. Chronic apical periodontitis

Pulp Pain. Pulpalgia, that is, pulp pain, can be classified into three different categories: hyper reactive, acute, and chronic. Histologically, pulpitis, which leads to pulpalgia, is classified as reversible or irreversible. One hopes that pulp with reversible pulpitis can be saved. Pulps suffering irreversible pulpitis cannot be saved.

The vital teeth can have one of the following presentations:
Normal: The teeth are asymptomatic with no objective pathosis.
Reversible pulpitis: There is a reversible sensitivity to cold and/or osmotic changes (i.e., sweet, salty, and sour).
Irreversible pulpitis: The sensitivity to temperature changes is more intense and with a longer duration.
International classification pulp diseases (WHO, 1998):
1.1. Pulpal:
– abscess,

- polyp.
Pulpitis:

- acute


- chronic (hypertrophic, ulcerative)


- purulent.
1.2.
Pulp necrosis. 

Pulp gangrene.
1.3.
Pulp degeneration

Denticles.


Pulpal:

- petrificates,

- stones.
1.4. 
Anomal formation hard tissue in pulp.

Secondary or irregular dentin.

In former Soviet Union one of widespread classifications was the classification by Y.M.Gofung. It supposed that the base of different clinical features of pulpitis was pathologic process of inflammation. Clinical features correspond at different stages of inflammation from acute to chronic course.

All form of pulpitis was divided in to two groups:
I. Acute pulpitis:

1) partial;

2) total;

3) purulent.

II. Chronic pulpitis:

1) simple;

2) hypertrophic;

3) gangrenous.

On the basis of this classification it developed classification for the National medical university (former Kiev medical institute). There are distinguishes in the next pulpitis forms:
I. Acute pulpitis (Inflammatio pulpae acuta):

1) Pulp hyperemia (hyperemia pulpae);

2) Acute circumscription pulpitis (Pulpitis acuta circumscripta);

3) Acute diffusion pulpitis (Pulpitis acuta diffusa)

4) Acute purulent pulpitis (Pulpitis acuta purulenta)

5) Acute traumatic pulpitis (Pulpitis acuta traumatica)

II. Chronic pulpitis (Inflammatio pulpae chronica):

1) Chronic fibrous pulpitis (Pulpitis chronica simplex);

2) Chronic hypertrophic pulpitis (Pulpitis chronica hypertrophica);

3) Chronic gangrenous pulpitis (Pulpitis chronica gangrenosa);

4) Chronic concremental pulpitis (Pulpitis chronica concrementosa)

III. Exacerbative chronic pulpitis (Pulpitis chronica exacerbata).
IV. Pulpitis complicated periodontitis (Pulpitis complicatus periodontitis).

CLINICAL FEATURES
Chief complaints and chief clinical features. The main characteristic symptom of acute pulp inflammation is spontaneous (i.e., unprovoked), intermittent, or continuous paroxysms of pain. Sudden temperature changes (usually cold) elicit prolonged episodes of pain (i.e., pain that lingers after the thermal stimulus is removed). The pain attack arises up suddenly, regardless of external irritants, sometimes it is provoked by chemical, thermal and mechanical irritants. It is characterized by the spontaneous pain and development of acute pain attack, referred from one arch to the other and along the branches of n. trigeminus (Fig. 46).

The pain differs from that of a hyper reactive pulp in that it is not just a short, uncomfortable sensation but an extended pain. Moreover, the pain does not necessarily resolve when the irritant is removed, but the tooth may go on aching for minutes or hours, or days for that matter.
Pain may start spontaneously from such a simple act as lying down. This alone accounts for the seeming prevalence of toothache at night. Some patients report that the pulp aches each evening, when they are tired. Others say that leaning over to tie a shoe or going up or down stairs—any act that raises the cephalic blood pressure—will start the pain. The list of inciting irritants would not be complete without mentioning hot food or drink, sucking on the cavity, and biting food into the cavity. Most pain, however, is started by eating, usually something cold. The patient can tell which side is involved and frequently whether pain is in the maxilla or the mandible. This may not be absolute, however, for the pain may be referred from one arch to the other. Patients have reported with aching of a maxillary molar when the maxillary lateral incisor has been found to be the offender. The patient may insist that a mandibular molar is aching, whereas examination reveals that a maxillary molar is the offender.
Characteristically, that pain lingers after the external irritants is removed. Usually there is the presence of tooth affected with caries process. Character, duration and intensity of pain also depend of the common state of organism, levels of organism resistance and the state of the nervous system of patient.
Pain attack arising up spontaneously without a visible reason is the characteristic sign of sharp pulp inflammation. Duration of pain attack depend of irritant force, prevalence and character of inflammatory process in pulp. At pulp inflammation the pain always arises as pain attacks with short painless intervals. A pain attack may be short duration with long painless intervals or long-term with short intermission period. The pain character may be different duration, intensive, pulsatile, unbearable. The pain character depends on pulp area affected by inflammation: the more diffuse inflammation the more duration of pain attack. These characteristic features are the basis for clinical classification of pulpitis.

Clinically, therefore, pulpal pathosis in most instances is diagnosed during routine dental examinations and not as a result of episodes of symptomatic pulpitis.

Thus, it is not possible to determine the type and severity of pulpal damage by the absence or presence of clinical symptoms. Histopathological and clinical nomenclature has, therefore, been combined, resulting in a number of descriptions and diagnoses. The diagnosis acute serous pulpitis, for example, has traditionally meant that the patient had pain (acute), that the pulp is inflamed (pulpitis), and that as yet no abscesses have formed in the pulp (serous). Clinically, it has been assumed that this condition is present when a tooth is especially sensitive to cold and when the pain persists for some time after the cold stimulus is removed. Similarly, acute suppurative pulpitis meant that an abscess has formed in the pulp. Clinically, heat would supposedly increase the pain in a tooth with this diagnosis and cold would cause relief.

Four features of pulpal pain are especially important: the intensity of the pain, its duration, whether it occurs after stimulation (provoked) or spontaneously (unprovoked), and whether it occurs repeatedly. Thus, severe, irreversible inflammation should be suspected when a patient has intense and continuous pain. Similarly, spontaneous pain usually indicates the presence of severe and irreversible pulp pathosis. Anamnestic information about repeated attacks of pain over a long period of time will also give reason to suspect serious pulp damage.

Acute pulpitis

Pulp hyperemia (Hyperaemia pulpae, incipient acute pulpalgia). All minor pulp sensations were once thought to be associated with hyperemia, an increased blood flow in the pulp. An increase in intrapulpal tissue pressure is produced only when heat is applied to the tooth, not when cold is applied. The increased pressure against the sensory nerve endings in the pulp might well produce the sensation associated with hyperemia. Quite possibly, this will explain why the pain appears to be of a different intensity and character with applications of cold or heat, the cold producing a sharp hypersensitivity response and the heat producing true transient hyperemia and a dull pain. Pulp pain causes first a fall and then, when removed, a rise in intrapulpal tissue pressure.
Incipient acute pulpalgia should be completely reversible. It is characterized by mild discomfort such as that experienced following cavity or crown preparation. It may be gone by the next day. If one could study the cells of the pulp at this time, one would find a marginal increase in leukocytes and fluid pressure against the nerves that accompany the odontoblasts into the tubules. When pressure returns to normal, the discomfort disappears. Some patients may report slight discomfort from a carious lesion that has just broken through the enamel into the dentin
Development of hyperemia is more frequent to manifest in sub-acute pain, rarer pulsatile, pulsating. Pain arises up spontaneously or as result of irritant action, pulp attacks shot duration 1-2 minutes with large painless intervals (intermission) up to 6-12-24 hours. Pain attacks more frequent and arises up at night.
The affected tooth usually had deep caries cavity. The softened dentine which covers a cavity, has grey-white or yellow color, rarely is it pigmented. The degree of dentine softening depend of activity of caries process: at acute (rampant) caries the hard tooth tissues are most softened like a cartilage, at chronic course it may be harder and pigmented. Probing of carious cavity is practically painless except dentinoenamel junction and floor of the cavity. Tooth usually responds to applications of cold: ice, carbon dioxide “ice” with pain 1-2 minutes duration.
Pathohistological features. The end result, whether induced by direct irritation or from the immune system, is the release of chemical mediators that initiate inflammation. This is a vascular response. The increase in the permeability of vessels nearest the site of injury and extravasations of fluid into the connective tissue spaces (edema) cause an elevation in local pressure. This edema alters or destroys the odontoblast layer. Chemical modification of the ground substance also occurs, as evidenced by an increased eosinophilia. Marked dilation of vessels leads to slowing of erythrocytes and the margination of leukocytes along the walls (Fig. 47). The leukocytes then squeeze through the intracellular spaces of the vessel endothelia in response to chemotactic signals originating in the damaged tissue. This is called diapedesis.
Acute circumscription pulpitis (Pulpitis acuta circumscripta, a moderate acute pulpalgia). Moderate acute pulpalgia is a true but tolerable toothache, often described as “nagging” or “boring.” In such cases inflammation of the pulp is present, so the pulp may be either reversible or irreversible. This is extended pain, often diffuse and hard to locate as it refers to other areas. The pain may start spontaneously or from a simple act such as lying down. Interestingly, cold may be the irritant that starts the pain, but hot food or drink and biting down on the cavity are more common. If the pain has been mild and has had a short duration, then the pulpitis may be reversible.
This pulpitis is characterized by spontaneous (i.e., unprovoked), intermittent, or continuous paroxysms of pain. The pain is frequently described as a “nagging” or a “boring” pain, which may at first be localized but finally becomes diffuse or referred to another area. The pain may start spontaneously or from a simple act such as lying down. Interestingly, cold may be the irritant that starts the pain, but hot food or drink and biting down on the cavity are more common. Pain attacks at first lasted 15-30 minutes, but with development of the inflammatory process in pulp its duration increase to 1-2 hours. Pain attacks increase and become more frequent at night. Painless intervals usually last 2-3 hours and than decreased to more shot. Usually patients indicate on a causal caries tooth, but in some cases the pain may be referred from one arch to the other. If this pain has been mild and has had a short duration, then the pulpitis may be reversible.

Examination revealed the tooth with caries cavity, frequently deep, rarer middle, caries. The pain is diffuse, and two or three teeth may give similar responses to electric pulp testing. The walls and floor of cavity covered with soft demineralized dentin; in some cases it can be more dense and pigmented. During probing the cavity floor is painful, especially in the areas located near the pulp horn.
Pathohistological features. It is determined marked dilation of vessels leads to slowing of erythrocytes and the margination of leukocytes along the walls. In some areas located near the caries cavity there are haemorrhages into pulp tissue, which is saturated with serous exudate. There are accumulations of erythrocytes and leukocytes in the pulp near the caries cavity. With increasing of vascular wall permeability the inflammatory infiltration increased. As a result the odontoblast layer altered or destroyed (Fig. 48).
Acute diffuse pulpitis (Pulpitis acuta serosa diffusa). It is characterized by the spontaneous pain and development of acute pain attack, reffered from one arch to the other and along the branches of n. trigeminus. Acute diffuse pulpitis usually is a result of further development of circumscription inflammation.
The character of pain attack is like of neuralgic attacks: often described as “nagging” or “boring.” This is extended pain, often diffuse and hard to locate as it referred to other areas. The pain may start spontaneously or from a simple act such as lying down. Interestingly, cold may be the irritant that starts the pain, but hot food or drink and biting down on the cavity are more common. If this pain has been mild and has had a short duration, then the pulpitis may be reversible. One-two days ago the durability of pain attack was 10-30 minutes and presently the attacks are lasting an hour. The durability of painless intervals decreases up to 10-30 minutes. Pain attacks increase and become more frequent at night and at horizontal position of patient. Usually patients indicate on a causal caries tooth, but in some cases the pain may be referred from one arch to the other. This pulpitis is irreversible; the pulp must be sacrificed.

Pinpointing the exact tooth involved in moderate pulpalgia is often difficult. Examination revealed the tooth with caries cavity, frequently deep, rarer middle, caries. The pain is diffused, and two or three teeth may give similar responses to electric pulp testing The walls and floor of cavity covered with soft demineralized dentin; in some cases it can be more dense and pigmented. During probing the cavity floor is painful. Percussion may reveal a slight difference in response between teeth. A warm rinse does not relieve the pain, and cold may make it worse. Thermal testing with cold should be attempted first. If pain response from the suspected tooth increases but then goes away, stop! Do not test other teeth, but wait for the rebound of pain that may occur.
Pathohistological features. It is determined marked dilation of vessels leads to slowing of erythrocytes and the margination of leukocytes along the walls. In all pulp (coronal and radicular) there are haemorrhages into pulp tissue, which is saturated with serous exudate. There are accumulations of erythrocytes and leukocytes in the pulp near the caries cavity. With increasing of vascular wall permeability the inflammatory infiltration increased. As a result the odontoblast layer altered or destroyed (Fig. 49).
Acute purulent (suppurative) pulpitis (Pulpitis acuta purulenta, advanced acute pulpalgia). Acute purulent pulpitis usually is a result of further development of diffuse pulp inflammation. It is characterized by the spontaneous pain and development of acute pain attack, referred from one arch to the other and along the branches of n. trigeminus. The pain may start spontaneously or from a simple act such as lying down. Pain attack increases, pain become pulsatile, continuous with remission only some minutes. At night pain attack becomes more intensive. The pain arises and increases as a result thermal irritants (the hot meals, temperature more than 37°С). The cold irritant relieves the pain.
Examination revealed the tooth with caries cavity, frequently deep, rarer middle, caries. The walls and floor of cavity covered with soft demineralized dentin, in some cases it can be more dense and pigmented. Testing with heat gives an immediate explosive response! Vertical percussion is painful. During probing the cavity floor is painful, the pulp chamber may easily be perforated with drop of pus or pus with blood appears. As usually such perforation relieves the pain attack. This is irreversible pulpitis!
Pathohistological features. It is determined marked dilation of vessels leads to slowing of erythrocytes and the margination of leukocytes along the walls. In all pulp (coronal and radicular) there are haemorrhages into pulp tissue, which is saturated with serous exudate. Histologically, one finds necrosis of the coronal pulp with vital remnants left. In the coronal pulp there are forming abscesses (Fig. 50). There are accumulations of erythrocytes and leukocytes in the pulp near the caries cavity. With increasing of vascular wall permeability the inflammatory infiltration increased. As a result the odontoblast layer altered or destroyed.
Acute traumatic pulpitis (Pulpitis acuta traumatica). At acute traumatic pulpitis depending on the character of traumatic factor there are three basic clinical forms distinguished:

1. Accidentally opening the pulp. The main cause of this form of acute pulpitis is careless preparation of caries cavity, which results in perforation of pulp chamber with insignificant pulp trauma by rotary instrument (burs). Often enough it occurred during acute caries coarse preparation of carious cavity or removal of leather decalcinated dentin during excavation. As a result appeared a blooding point perforation. Through this perforation dentist may see the rose color pulp. The probing of pulp is very painful and it is not recommend.
Pathohistological features. It is characteristic for the acute course of deep caries. There are sign of reactive changes of the pulp, dilation of vessels located near caries cavity and perforation.
2. Accidentally pulp wounding. The main cause of this form of acute pulpitis is penetration of instrument (burs, excavator) into the pulp chamber and pulp wounding. In these case usually pulp tissue microbial contamination from caries dentin is occurred. The first sign of wounding is acute pain in moment of trauma. On the caries cavity floor appeared area of wounded bleeding pulp.
3. Opening the pulp at crown fracture. This clinical condition occurred as a result of unexpected acute trauma. The clinical feature depend of the fracture line: it can located in crown (at the crown equator), in neck area etc. In such cases the pulp tissue quickly contaminated by microorganisms. Acute intensive pain can arise from different irritants (e.g. heat, cold, air etc.).
Pathohistological features. It is characteristic for the acute pulp inflammation and depends on the term of trauma and cause of inflammation.
Chronic pulpitis

Chronic fibrous pulpitis (Pulpiris chronica fibrosa, chronic pulpalgia). Unlike the acute form of pulpitis at chronic fibrous pulpitis the patient feels a heaviness in a tooth. Pain appears in reply to action of thermal, chemical and mechanical irritants, intensity of which is usually depend of location of caries cavity. At the opened pulp chamber of the tooth and central location of caries cavity «sucking» from a tooth can cause quickly passing aching pain. Unlike caries the pain at chronic fibrous pulpitis lasted 30-90 minutes after cessation irritant action.
At chronic pulpitis the acute pain is absent (it may revealed during anamnesis in past) and now patient felt heavy dull pain. It is often described as a “grumble,” not severe but consistent discomfort. Patients have admitted withstanding the discomfort for weeks or even years, suppressing the pain with analgesics. On the other hand, they may not have had any overt symptoms that would alert them to seek a dentist. Finally, when the pulp starts to ache all night or flare up during an airplane flight, they come in for treatment. The pain is mild enough and diffuses enough to complicate its location. Moreover, chronic pulpalgia often refers to other teeth or the opposing arch. Pain may be precipitated by biting down on an open cavity. Cold has little effect, but heat may increase the discomfort. The examination of tooth with caries cavity or fractured filling may be revealed. Cavity covered with soft demineralized dentin, which may be pigmented. The probing revealed perforation with gray-brown pulp tissue, which is painful during probing. The patient usually reports no significant pain, and tests reveal little or no pain on percussion.
Pathohistological features. The prominent feature is the excrescence of fibrous connective tissue. The fibers of pulp are thickened. There is hyalinosis of collagen fibers of pulp of ground substance. The cell reaction manifested odontoblasts layer vacuolization, intensification of cells proliferation. In root pulp there are fibrous and petrification of ground substance (Fig. 51).
Chronic hypertrophic pulpitis (Pulpitis chronica hypertrophica, hyperplastic pulpitis). Hyperplastic pulpitis (pulp polyp) is a form of irreversible pulpitis, which results from growth of chronically inflamed young pulp into occlusal surfaces. It is usually found in carious crowns of young patients. Ample vascularity of young pulp, adequate exposure for drainage, and tissue proliferation are associated with formation of hyperplastic pulpitis.
This form of pulpitis often develops in children and persons of young age. From anamnesis the presence in the past the acute pain is revealed. Patient complains of the pain and the appearance of blood from a carious cavity during chewing, are as a result of the trauma of a food lump or at «sucking» from a tooth.
Hyperplastic pulpitis is usually asymptomatic. It appears as a reddish cauliflower-like outgrowth of connective tissue into caries that has resulted in a large occlusal exposure. Objectively in affected tooth there is a large carious cavity filled by fleshy like color tumor like formation. This overgrowing pulp is bleed and little sensitive at its probing, but is painful in area of entrance of root channels. Outlining round a «polyp» by a probe (determination of «area of growth»), it is possible to make sure in its connection with pulp. There is dull pain a result of cold irritants.
Rising out of the carious shell of the crown is a “mushroom” of living pulp tissue that is often firm and insensitive to the touch. A reddish, cauliflower-like growth of pulp tissue through and around a carious exposure is one variation of asymptomatic irreversible pulpitis. The proliferative nature of this pulpalʼ reaction, sometimes known as a "pulp polyp," is attributed to a low-grade, chronic irritation of the pulp and the generous vascularity characteristically found in young people. Occasionally this condition may cause mild, transient pain during mastication. The chronically inflamed young pulp, widely exposed by caries on its occlusal aspect, is the forerunner of this unique growth. Proliferative growth of inflamed connective tissue resembles a pyogenic granuloma of the gingiva.
Pathohistological features. The considerable changes developed in vessels: from one side, there is violation of anatomo-topographical architectonics of blood and lymphatic vessels, with other — clear features of morphological changes characteristic for a chronic inflammatory process. The changed pulp is usually presented by young granulation tissue. Microscopically, the pulp polyp is a complex of new capillaries, proliferating fibroblasts, and inflammatory cells (Fig. 52). Among tender connective tissue fibers there is a plenty of the young thin-walled capillaries. Support for the protruding mass is supplied by collagenous fibers rooted in the deeper pulp tissue of the chamber. Sensory nerve elements are almost totally absent near the surface, in contrast to the rich innervations and exquisite sensitivity of an exposed pulp that is not hyperplastic.
Before the lesion has grown to any extent, its surface layer consists of massed necrotic cells and leukocytes with chronic inflammatory cells (leucocytes) beneath forming a zone of variable width. As the tissue expands, it may acquire a stratified squamous epithelial cover that may form by a true cell graft. Cells of the oral mucosa floating free in the saliva may grow over the surface of the highly vascularized young connective tissue, or a direct migration of epithelial cells may occur from the gingiva. Hyperplastic pulpitis is irreversible and therefore requires pulpectomy and root canal treatment or extraction.
Chronic gangrenous pulpitis (Pulpitis chronica gangraenosa, pulp necrosis). This develops from acute purulent or chronic fibrous pulpitis as a result of penetration into pulp of putrid bacteria. Necrosis, the death of the pulp, actually refers to a histological condition resulting from an untreated irreversible pulpitis, a traumatic injury, or any event that causes long-term interruption of the blood supply to the pulp. As inflammation progresses, tissue continues to disintegrate in the center to form an increasing region of liquefaction necrosis. Because of the lack of collateral circulation and the unyielding walls of the dentin, there is insufficient drainage of inflammatory fluids. These results in localized increases in tissue pressures, causing the destruction to progress unchecked until the entire pulp is necrotic. The rate of progress of liquefaction necrosis varies.
Spontaneous pain is absent, when there is perforation of the caries cavity floor. The unpleasant feeling of expansion in a tooth is the permanent sign of gangrenous pulpitis. The pain usually slowly arises up under influence of thermal (hot) irritants and lasted short time. Spontaneous pain arises up and is observed then, when the pulp chamber is closed and the exudates cannot flow from the inflamed pulp.

Objectively in affected tooth there is a large carious cavity filled by softened dentin. The pulp chamber at most patients is opened and filled by the products of pulp disintegration with an unpleasant smell. The reaction on the superficial probing is absent. The deep probing is painful. The leathery dentin covering these lesions may be removed with a spoon excavator, often without anaesthesia and with no great discomfort. The pulp lies revealed, covered with a gray scum of surface necrosis. Some crown discoloration may accompany pulp necrosis in anterior teeth, but this diagnostic sign is not reliable.
Pathohistological features. Once bacteria have invaded the necrotic pulp, they release enzymes to break down the necrotic tissue for assimilation of the available nutrients; by the process of heterolysis, liquefaction (also called “wet gangrene”) occurs. The coronal pulp is necrotic with plenty of anaerobic microorganism. Adjacent to the liquefaction necrosis is a zone of chronic inflammation. Although the width of this zone may vary, generally it is rather narrow. This activity produces an abundance of by-products, which eventually leak into periradicular tissues, causing inflammatory and immunologic reactions. Odontoblasts had dystrophic changes, cellular composition of root pulp is poor with areas of hyalinosis. Periradicular inflammation would not be expected to develop until the pulp is nearly totally necrotic (Fig. 53).
Chronic concremental pulpitis (Pulpitis chronica concrementosa). The causative factor of this form of pulpitis there are denticles – a calcified deposits in the dental pulp. Usually they are located in pulp chamber or root canals. It may be composed either of irregular dentine (true denticle) or an ectopic calcification of pulp tissue. Denticle most often formed in back located teeth (molars, premolars) at persons in age more 40 years. These formations cause the permanent irritation of nervous endings of pulp, resulting in chronic inflammation.
Patient complains of spontaneous pain and development of acute pain attack, referred from one arch to the other and along the branches of n. trigeminus. The character of pain attack is like of neuralgic attacks. Pain attacks increase and become more frequent at night and during vibration. Clinical features resembled trigeminal neuralgia. Pain attack lasted 15-30 minutes. Vertical percussion is painful and may provoke the pain attack.
Examination revealed the tooth with abrasion of occlusal surfaces, frequently in patients with periodontal diseases (in rarely case the tooth may be intact). The main diagnostic procedure is radiographic examination which allow to revealed denticles in pulp chamber.
Pathohistological features. In pulp tissue denticles and petrifications are revealed. Their localization, quantity, form and size, are various. In pulp tissue there are some sign of dystrophia: odontoblasts vacuolization, hyalinosis and areas of petrifaction with signs of chronic inflammation (Fig. 54).
Exacerbative chronic pulpitis (Pulpitis chronica exacerbata). Every form of chronic pulpitis can exacerbate. The frequently it is fibrous pulpitis more rarely – chronic gangrenous pulpitis. Exacerbative chronic pulpitis is characterized by the spontaneous pain and development of acute pain attack, referred from one arch to the other and along the branches of n. trigeminus. Pain attacks increase and become more frequent at night and at horizontal position of patient. The pain attack can provoke different irritants, frequently the cold. Duration of pain attack may be different: pain attack at first lasted 15-30 minutes, but with development of the inflammatory process in pulp its duration increase to 1-2 hours. When inflammation develops in root pulp then the vertical percussion become painful.
Examination revealed the tooth with caries cavity, frequently deep, rarer middle, caries. The state of caries cavity correspond some form of chronic pulpitis. For example, in case of exacerbative chronic fibrous pulpitis cavity covered with soft demineralized dentin, which may be pigmented. The probing revealed perforation with gray-brown pulp tissue, which is painful during probing. The patient usually reports no significant pain, and tests reveal little or no pain on percussion. But thermal (cold, hot) irritants may provoke pain attack.
Pathohistological features usually correspond with some forms of chronic pulpitis and with some sign of acute inflammation. It is determined marked dilation of vessels leads to slowing of erythrocytes and the margination of leukocytes along the walls. In all pulp (coronal and radicular) there are haemorrhages into pulp tissue, which is saturated with serous or purulent exudate. The odontoblast layer altered or destroyed.
Pulpitis complicated apical periodontitis (Pulpitis complicatus periodontitis). Pulpitis on the definite stage of the inflammation development can be complicated by different forms of periodontitis. More frequent complicated acute diffuse pulpitis.

The clinical features combined the clinical signs of pulpitis and apical periodontitis. For example there may be the signs of acute diffuse or purulent pulpitis and signs of periodontitis. The durability of pain attack was 10-30 minutes and presently attacks are lasting an hour. The durability of painless intervals decreases up to 10-30 minutes. Pain attacks increase and become more frequent at night and at horizontal position of patient. Usually patients indicate on a causal caries tooth, but in some cases the pain may be referred from one arch to the other. These signs of pulpitis combined with signs of periodontitis. This may be oedema of the soft tissues of the face (lips, cheek), especially on the site of affected tooth. There is hyperemia and edema in the area of tooth apex, sometimes hyperemia is present in the adjoining areas of gums. In some cases the periosteal abscess may develop. Horizontal and vertical percussion of tooth is very sensistive. There is tooth mobility in mesial, distal and vertical directions.
Examination revealed the tooth with caries cavity, frequently deep, rarer middle, caries. The walls and floor of cavity covered with soft demineralized dentin, in some cases it can be more dense and pigmented. During probing the cavity floor is painful, vertical percussion is painful. When chronic pulpitis complicated during probing the pulp chamber revealed perforation with gray-brown pulp tissue, which is painful during probing.
Pathohistological features usually correspond with some forms of acute or chronic pulpitis with some sign of acute inflammation in periodontal ligament.

PULPITIS TRATMENT
Now there has developed two main methods pulpitis treatment biological and operative (surgical).

Conservative (biological) pulpitis treatment
The biological method of pulpitis treatment is directed to make pulp healthy with renewal of its function. The important value has its complete renewal or saving its basic functions: formative, nutritive, reparative. It save the valuable hard tooth tissue structure, made protective, barrier actions and prevented the apical periodontitis development.
During conservative (biological) pulpitis treatment the dentist must achieve the next tasks:

1. Cessation the pain symptoms.

2. Removal the source of infection.

3. The opening the source of infection.

4. Cessation the further inflammation progressing.

5. Restoration of tooth anatomical form and function.
The theoretical motivations of biological method of pulpitis treatment or vital pulp treatment are pulp high viability. It provided the row of factors:

· additional sources of tooth nutrition –  arteriovenous anastomoses, shunt between artery and vein;

· loose fibrous connective tissue surrounding vessels near the apical foramen;

· abundant network of capillaries in the coronal pulp;

· cells of mononuclear phagocytes system and hyaluronic acid;

· stability of the enzyme-inhibitor system.

The pulp has very good defensive properties. It has ability to detain microbial invasion, especially at first 24-48 hours of inflammation development. During inflammation increasing pulp lymph formation and outflow; increasing nerves regulative influence on pulp trophic. In pulp increasing formation biological active substance, that stimulated its regeneration.
During selection of conservative method of pulpitis treatment the dentist must pay attention to the row of different factors. Among them are:
· Clinical form of pulpitis.

· Disease duration. 

· Patient age. 

· Patient general condition. 

· Available general systemic diseases.

· Caries cavity localization. 

· Teeth groups (one-root, multi-root). 

· Absence  changes in periodontium

· Infection ingress into tooth pulp. 

· Caries coarse. 

· Absence previous  antibiotic or corticosteroid therapy of systemic diseases.
Indications to biological (conservative) pulpitis treatment method. There are initial stages of pulp inflammation – clinical form of pulpitis: pulp hyperemia, acute circumscription pulpitis, acute traumatic pulpitis (accidentally opening the pulp), and chronic fibrous pulpitis without clinical and radiographic changes in periodontal ligament (apical periodontitis). All these pulpitis forms may be referred to reversible pulpitis.
Patient’s age and general condition. The most effective is the vital pulp treatment in young patients (before 30 years) because of pulp high resistance and regenerative ability. With the increasing of patients age the possibility to pulp restoration significantly decreasing.
Systemic diseases significantly decreasing the general resistance of patient. In such conditions is very hard to reach effective restoration of inflamed pulp the most effective is pulpectomy. Especially significant decreasing of general patient resistance is marked after previous antibiotics or corticosteroids treatment.
The inflammatory process duration significantly influenced at the effectiveness of conservative treatment of pulpitis. The most effective is the treatment of initial form pulpitis with its duration not more then 3-5 days. In case of bigger duration the reversible pulpitis transformed into irreversible and most effective treatment is pulpectomy.
Bacterial ingress into pulp. The vital pulp therapy is most effective when caries cavity located on the occlusal surface. In such cases the inflammation in pulp mainly located only in coronal pulp, in radicular pulp the inflammation is expressed in lesser degree. So, during treatment, the medicaments placed into caries cavity may easy suppress the inflammation in the pulp. In case of another bacterial ingress into pulp the treatment may be significantly difficult. In retrogenic (hematogenic) bacterial ingress into pulp through apical foramen the inflammation developed simultaneously in radicular and coronal pulp. In such clinical cases the most effective treatment is pulpectomy.
From the localization of caries cavity depend of localization and prevalence of inflammation in pulp. When caries cavity localized on occlusal surface inflammation localized only in coronal pulp. When caries cavity localized on contact surface, inflammation process spread on coronal and radicular pulp – diffuse pulp inflammation. In such cases the conservative pulp treatment is not effective and dentist must use the pulpectomy.
The teeth group. In ohe-rooted teeth there is not significant difference between coronal and radicular pulp and inflammation quickly spread all over the pulp – diffuse pulpitis. In multi-rooted teeth coronal and radicular have some structure differences. The inflammation may localize in coronal pulp without affection radicular pulp. So at equal inflammation degree the conservative treatment would be effective in multi-rooted teeth (molars) and ineffective in one-rooted teeth (incisors, canines and premolars).

The clinical course of caries process also has influenced on effectiveness of conservative pulpitis treatment. The acute caries quickly lead to development inflammation in the pulp. During chronic caries coarse pulp react on caries process by development of secondary dentin and inflammation change are insignificant. So secondary and sclerotic dentin are like barrier against caries development.

The periodontal ligament condition determines the choice method of pulpitis treatment. When pathological changes exist in periodontal ligament the biological treatment is ineffective and need pulpectomy. This clinical condition may be revealed during radiographic examination.
Contraindications to biological (conservative) pulpitis treatment method are: pathological changes in periodontal ligament, EOD lower 40 mkA, cervical or root localization caries cavity, patient age bigger 40-50 years, existing in patient chronic odontogenic infection condition. It is unreasonable to use conservative methods in teeth which planned used as supporting in bridges dentures.

In carrying of conservative (biological) pulpitis method treatment are distinguish such stages:
At first appointment
1. Oral cavity toilet.

2. Preparation of the operation field, isolation by cotton rolls or rubber dam.

3. Obtain regional anaesthesia:nerve block or infiltration.

4. Remove all caries dentin of caries cavity and, with a sharp explorer, test the pulp for depth of anaesthesia. When necessary need to make perforation of pulp chamber for better penetration of medicaments into pulp.

5. Irrigation caries cavity with warm antiseptic solution. 

6. Placing the medicament paste on the caries cavity floor (indirect of direct pulp capping).

8. Temporary filling (dressing) of the caries cavity.
For the biological (conservative) treatment of pulpitis are used the row of different materials. There are antibiotics, sulfonamides, corticosteroids, calcium hydroxide preparations, enzymes and their inhibitors, nitrofurans and others. In cases when using antibiotics it is reasonable combine them with sulfonamides, corticosteroids, enzymes. The very effective are zinc-oxyde eugenol preparations and calcium hydroxide preparations. Zinc oxide-eugenol cements have strong antibacterial, antiinflammatory and anaesthetic action. The most effective are calcium hydroxide preparations.
Calcium hydroxide have a very base reaction – pH=12,5. It has antibacterial, antiinflammatory action, stimulate dentin remineralization and secondary dentin formation. Calcium hydroxide contains in many different medicament forms: powder, liquids and pastes. In pastes calcium hydroxide combined with antibacterial drugs, sulfonamides, corticosteroids. These preparations may be soft or hardening (chemical or light cured) and used for direct or indirect pulp capping (Table 13).
Table 13. Calcium hydroxide preparation for pulp capping
	Preparation
	Manufacturer

	Calcimol
	«VOCO» (Germany)

	Calcium Hydroxide
	«Degussa» (Germany)

	Alkaline MiniTip
	«3M ESPE»(Germany)

	Septocalcine Ultra
	«Septodont» (France)

	Life
	«Kerr» (USA)

	Dycal
	«Dentsply» (USА)

	Кальцесил LC
	«ВладМиВа» (Russia)

	Calcimol LC
	«VOCO» (Germany)

	Septocal LC
	«Septodont» (France)

	Ultra-Blend
	«Ultra-dent» (USA)

	Lica
	«Dentamerica»  (USA)


After placing on the pulp the calcium hydroxide this causes the superficial necrosis of pulp and then stimulates pulp mineralization. In next 60 days the dentin layer forms over the pulp, so called dentinal bridge.

Now to introduce new original, biological compatible material for pulp capping – mineral trioxide aggregate (MTA). It proposed as such commercial preparations: ProRoot MTA, BioPure MTAD Root Canal Cleanser and others. After placing on pulp MTA stimulated dentin formation – dentin bridge with no or minimal-to-no pulp inflammation.
Biological (conservative) pulpitis treatment method technique
After careful antiseptic irrigation of oral cavity the dentist provide proper local anaesthesia. The tooth is isolated by a cotton rolls or rubber dam. The teeth surfaces are wiped with 2%  iodine solution, 1% chlorhexidine solution or other antiseptics. The thorough preparation of caries cavity is carried out. All caries dentin must be removed completely. In case of acute caries course very carefully remove the demineralized (leathery) dentin from the caries cavity floor – exist a very great risk of pulp perforation. In case of chronic caries course the pulp perforation made especially for better penetration of medicament into the pulp. When or if haemorrhage develops, should carefully control bleeding because the blood clot will hinder the dentin bridge formation. During preparation the caries cavity constantly irrigate with warm antiseptic solutions.

After caries cavity preparation is completed then on the cavity floor should place the medicament paste. It contained mainly calcium hydroxide or another medicament (antibiotics, sulfonamides, corticosteroids, enzymes and their inhibitors, nitrofurans and others). Caries cavity closed with temporary hermetical dressing (artificial dentin, zinc-eugenol cements of another). When the medicament paste is placed at the open pulp this method is called direct pulp-capping, when it is placed at the caries cavity floor without pulp opening it is called indirect pulp-capping (Fig. 55).

After 7-14 days at the second patient appointment when the pain is absent remove temporary dressing, and you will need to place the fresh portion medicament paste on the caries cavity floor, place the isolation base and finally close the caries cavity with composite or amalgam restoration. After successfully treatment on the surface of the opened pulp the formation of dental bridge is observed. When indirect pulp-capping method was used in the pulp the formation secondary dentin was observed.

When the pain continued (but with lesser insensitivity) the caries cavity should be repeatedly filled with a temporary dressing. When the pain continued with more insensitivity it means that pulpitis becomes irreversible and the most effective treatments method is pulpectomy.

After vital pulp therapy the dentist must made control examination the tooth through 3, 6 and 12 months after treatment. Clinical estimations based on radiographic examination and pulp vitality test.

ENDODONTIC PULPITIS TREATMENT
SPECIALIZED ENDODONTIC INSTRUMENTS AND EQUIPMENT

Endodontic Instrument Case

The collection of tiny endodontic instruments must be kept in an organized arrangement yet lend itself readily to sterilization. The metal endodontic instrument case meets these requirements. Storage cases have long been available but never as refined as the modern cases. All of the reamers, files, broaches, burs, and filling equipment, as well as paper points and cotton pellets, are stored and sterilized in the case. The dentist or assistant removes these with sterile pliers only as needed.
PAIN CONTROL IN ENDODONTICS
In no other area of dentistry is the management of pain of greater importance than in endodontics. All too often the patient in need of endodontic therapy has endured a prolonged period of ever-increasing discomfort before seeking dental care. The reasons for this discomfort are manifold; however, there is one simple explanation in the overwhelming majority of these patients. It is possible to achieve clinically effective pulpal anaesthesia on all teeth, infected or not, in any area of the oral cavity, with a very high degree of success and without inflicting any additional pain on the patient in the process.

Management problems occurring during local anaesthetic administration can be almost entirely prevented. Dentists are recommended following a few simple steps to make all local anaesthetic injections as comfortable (atraumatic) as is possible. Although all of the steps are important, three stand out: (1) placement of the patient who is to receive an intraoral local anaesthetic into the supine position before the injection, (2) the slow administration of the local anaesthetic solution, and (3) the use of conscious sedation before the administration of the local anaesthetic.

The administration of inhalation sedation with nitrous oxide and oxygen (N2O–O2),carefully titrated, alleviates any fears of injections in the majority of needle-phobic dental patients. Continued administration of N2O–O2 during the endodontic procedure is entirely appropriate if the patient is at all apprehensive. When inhalation sedation is contraindicated (e.g., patient is a mouth breather, patient has a “cold” or upper respiratory infection, or sedation has proved ineffective in the past in eliminating the patient’s fears), other techniques of conscious sedation should be considered. The safest and most effective, when used properly, is intravenous conscious sedation.

Clinically effective pain control can be achieved in the vast majority of patients requiring endodontic therapy. When problems achieving pain control occur, it is usually at the initial visit, when a frightened patient, who has been hurting for some period of time, finally seeks relief from pain yet often times they are unable to manage the fears of dentistry. Through a combination of thoughtful caring for the patient, the use of conscious sedation, when indicated, and the effective administration of local anaesthesia, endodontic treatment can proceed in a more relaxed and pleasant environment for both the patient and dental staff.
Local Anaesthetic Techniques

Mandibular Anaesthesia. To provide effective pulpal anaesthesia in the mandible, one must administer the local anaesthetic drug at a site where the nerve is still accessible (e.g., before the nerve enters the mandibular foramen and into the mandibular canal). Thus, one is limited to two injection sites. One site is the lingual aspect of the mandibular ramus, where three techniques may be used: the inferior alveolar (IA) nerve block (the traditional “mandibular block”); the Gow-Gates mandibular nerve block (GGMNB), and the Akinosi-Vazirani closed-mouth mandibular nerve block. A second site of access to the mandibular nerve is available on the mandible, the mental foramen, located (usually) between the two premolars. Local anaesthetic administered at this site will provide profound pulpal anaesthesia of the premolar, canine and incisor teeth virtually 100% of the time, even when infection is present.

On those occasions when these three mandibular nerve block injections fail to provide successful pulpal anaesthesia, one of several supplemental techniques may be considered. These include the periodontal ligament (PDL) injection, intraosseous (IO) anaesthesia, and intrapulpal injection. The IO technique has proved to be of tremendous benefit in endodontics, particularly as a means of providing anaesthesia to the “hot” mandibular molar.
Maxillary Anaesthesia. Although profound anaesthesia of maxillary teeth is normally easier to obtain, problems, if they occur, usually do so following the administration of an infiltration injection to a central incisor, canine, or molar. The apex of the central incisor may lie under the cartilage of the nose, making infiltration less effective (as well as more uncomfortable). Canines that have longer than usual roots may not be anesthetized when the anaesthetic is deposited below the apex (needle is not inserted far enough). Infiltration anaesthesia of maxillary molars will fail in situations where the palatal root flares greatly toward the midline of the palate. Most local anaesthetics infiltrated into the buccal fold will not diffuse far enough toward the midline to provide adequate pulpal anaesthesia in this situation. Additionally, where periapical infection is present, the success rate of injected local anaesthetics is diminished, sometimes considerably.

Fortunately, maxillary anaesthesia can readily be achieved through the administration of nerve blocks (Fig. 56). Three nerve blocks, the posterior superior alveolar (PSA), middle superior alveolar (MSA),and anterior superior alveolar (ASA, “infraorbital”),successfully provide pulpal anaesthesia to maxillary teeth, even in the presence of infection.
Supplemental Injection Techniques. Periodontal Ligament (PDL) Injection and Intraligamentary Injection (ILI).When pulpal anaesthesia of a single tooth is required, the PDL injection should be considered. This is of special importance in the mandible, where nerve block anaesthesia is the norm. In the maxilla, supraperiosteal injection infiltrated above the apex of any tooth will provide successful pulpal anaesthesia with a success rate of > 95%. Because of the thickness of the mandibular cortical plate of bone (in adults), infiltration techniques are doomed to failure. Therefore, although the PDL may be successfully administered to any tooth, its use is most often reserved for mandibular teeth, specifically mandibular molars.

Although special syringes have been developed to assist in delivery of the local anaesthetic in the PDL injection, a regular syringe may be used quite effectively (Fig. 57). A volume of 0.2 mL of local anaesthetic solution must an interproximal deposit on each root of the tooth to be treated. The bevel of the needle should be placed against the root of the tooth while it is advanced down into the PDL space until resistance prevents any further penetration. As the anaesthetic is slowly deposited, it should be noted that there is significant resistance to the administration of the solution and that the soft tissues in the area become ischemic. Presence of these two signs usually connotes successful anaesthesia. Onset of clinical action is immediate; however, the duration of pulpal anaesthesia is quite variable, although it is most often long enough to permit access to the pulp chamber of a previously sensitive tooth.
Intraosseous (IO) Anaesthesia. In true IO anaesthesia, local anaesthetic is injected directly into the bone surrounding the root of a tooth.
Intrapulpal Anaesthesia. When the pulp chamber has been exposed and, because of exquisite sensitivity, treatment cannot proceed, intrapulpal anaesthesia should be considered. A small needle is inserted into the pulp chamber until resistance is encountered. The local anaesthetic must be injected under pressure. There will be a brief moment of intense discomfort as the injection is started, but anaesthesia usually supervenes almost immediately, and instrumentation can proceed painlessly.

Clinically effective pain control can be achieved in the vast majority of patients requiring endodontic therapy. Through a combination of thoughtful caring for the patient, the use of conscious sedation,when indicated, and the effective administration of local anaesthesia, endodontic treatment can proceed in a more relaxed and pleasant environment for both the patient and dental staff.
ENDODONTIC PRETREATMENT
Root canal therapy does not necessarily begin with the placement of the rubber dam but with the restorative or periodontic procedures necessary to simplify its placement.
RUBBER DAM APPLICATION

Rubber dam application is an essential prerequisite for providing nonsurgical endodontic treatment. For root canal treatment, rapid, simple, and effective methods of dam applications have been developed. In all but the most unusual circumstances, the rubber dam can be placed in less than 1 minute.


Although the modern endodontic approach to the use of the dam has changed, the importance and purposes of the dam remain the same:


1. It provides a dry, clean, and disinfected field.


2. It protects the patient from the possible aspiration or swallowing of tooth and filling debris, bacteria, necrotic pulp remnants, and instruments or operating materials.


3. It protects the patient from rotary and hand instruments, drugs, irrigating solutions, and the trauma of repeated manual manipulation of the oral soft tissues.


4. It is faster, more convenient, and less frustrating than the repeated changing of cotton rolls and/or saliva ejectors.

The rubber dam also provides a fluid seal from saliva from the working field. It has been recently shown in vivo that intraoral and extraoral microorganisms contaminating the root canal system will lead to eventual failure.
TREATMENT
ENDODONTIC CAVITY PREPARATION

Endodontic cavity preparation may be separated into two anatomic divisions: (a) coronal preparation and (b) radicular preparation. Actually, coronal preparation is merely a means to an end, but to accurately prepare and properly fill the radicular pulp space, intracoronal preparation must be correct in size, shape, and inclination.

Caries and defective restorations remaining in an endodontic cavity preparation must be removed for three reasons: (1) to eliminate mechanically as many bacteria as possible from the interior of the tooth, (2) to eliminate the discolored tooth structure, that may ultimately lead to staining of the crown, and (3) to eliminate the possibility of any bacteria-laden saliva leaking into the prepared cavity. The last point is especially true of proximal or buccal caries that extend into the prepared cavity.

Black’s principles of cavity preparation—Outline, Convenience, Retention, and Resistance Forms—may be applied. The entire length of the preparation is the full outline form. In turn, this outline may have to be modified for the sake of convenience to accommodate canal anatomy or curvature and/or instruments. For initial entrance through the enamel surface or through a restoration, the ideal cutting instrument is the round-end carbide fissure bur. As soon as the bulk of the overhanging dentin is removed from the roof of the chamber, the slower operating round burs are put aside, and, once again, the high-speed fissure bur is used to finish and slope the side walls in the visible portions of the preparation. Size and shape of endodontic coronal preparations related to size and shape of the pulp and chamber (Fig. 58).
The outline form of the endodontic cavity must be correctly shaped and positioned to establish complete access for instrumentation, from cavity margin to apical foramen. Moreover, external outline form evolves from the internal anatomy of the tooth established by the pulp. To achieve optimal preparation, three factors of internal anatomy must be considered: (1) the size of the pulp chamber, (2) the shape of the pulp chamber, and (3) the number of individual root canals, their curvature, and their position. The finished outline form should accurately reflect the shape of the pulp chamber. For example, the floor of the pulp chamber in a molar tooth is usually triangular in shape, owing to the triangular position of the orifices of the canals. As another example, the coronal pulp of a maxillary premolar is flat mesiodistally but is elongated buccolingually.
Number, Position, and Curvature of Root Canals. The third factor regulating outline form is the number, position, and curvature or direction of the root canals. To prepare each canal efficiently without interference, the cavity walls often have to be extended to allow an unstrained instrument approach to the apical foramen. When cavity walls are extended to improve instrumentation, the outline form is materially affected. This change is for convenience in preparation; hence, convenience form partly regulates the ultimate outline form.

In endodontic therapy convenience form makes more convenient (and accurate) the preparation and filling of the root canal. Four important benefits are gained through convenience form modifications: (1) unobstructed access to the canal orifice, (2) direct access to the apical foramen, (3) cavity expansion to accommodate filling techniques, and (4) complete authority over the enlarging instrument.
Unobstructed Access to the Canal Orifice.In endodontic cavity preparations of all teeth, enough tooth structure must be removed to allow instruments to be placed easily into the orifice of each canal without interference from overhanging walls (Fig. 59). The clinician must be able to see each orifice and easily reach it with the instrument points. But from the other hand it is most important that as much crown structure be maintained as possible. MOD cavity preparations reduce tooth “stiffness” by more than 60%, and the “loss of marginal ridge integrity was the greatest contribution to loss of tooth strength.”

Direct Access to the Apical Foramen. To provide direct access to the apical foramen, enough tooth structure must be removed to allow the endodontic instruments freedom within the coronal cavity so they can extend down the canal in an unstrained position. This is especially true when the canal is severely curved or leaves the chamber at an obtuse angle (Fig. 60). Infrequently, total decuspation is necessary.

Extension to Accommodate Filling Techniques. It is often necessary to expand the outline form to make certain filling techniques more convenient or practical. If a softened gutta-percha technique is used for filling, wherein rather rigid pluggers are used in a vertical thrust, then the outline form may have to be widely extended to accommodate these heavier instruments.

Complete Authority over the Enlarging Instrument. It is imperative that the clinician maintain complete control over the root canal instrument. If the instrument is impinged at the canal orifice by tooth structure that should have been removed, the dentist will have lost control of the direction of the tip of the instrument, and the intervening tooth structure will dictate the control of the instrument.

If, on the other hand, the tooth structure is removed around the orifice so that the instrument stands free in this area of the canal, the instrument will then be controlled by only two factors: the clinician’s fingers on the handle of the instrument and the walls of the canal at the tip of the instrument. Nothing is to intervene between these two points
PULP AMPUTATION (PULPOTOMY)
This method of pulpitis treatment consists of in removing part of pulp mainly coronal pulp. The vital pulp amputation is the partial pulp removing under anaesthesia.
Indications. Pulpotomy is indicated in cases of irreversible pulpitis, mainly pulp hyperemia (in case of ineffective biological treatment), acute traumatic pulpitis (accidentally pulp wounded) and acute circumscription pulpitis in young patients. Also this method may be effective for treatment of chronic fibrous pulpitis, chronic hypertrophic pulpitis in young patients with incomplete root formation.
Technique
After careful antiseptic irrigation of oral cavity the dentist provide proper local anaesthesia. The tooth isolate by cotton roll or rubber dam. The teeth surfaces wipe with 2% iodine solution, 1% chlorhexidine solution or other antiseptics. The thorough preparation of caries cavity carried out. During preparation the roof of the pulp chamber is best perforated with a round bur. This bur is used to remove the roof of the pulp chamber from underneath to establish outline form. The outlines of caries preparation must coincide with outlines of pulp chamber. The pulp chamber should be frequently flushed with a sodium hypochlorite solution to remove debris.
All of the tissue in the pulp chamber should be removed by the round bur or a sharp spoon excavator. The tissue is carefully curetted from the pulp horns and other ramifications of the chamber. Failure to remove all tissue fragments from the pulp chamber may result in later discoloration of the tooth. At this point, the chamber should be irrigated well to remove blood and debris. It is very important to carefully control bleeding because the blood clot will hinder the dentin bridge formation. For the control of bleeding 3% hydrogen peroxide solution, 5% epsilon-amino-capric-acid (EACA) solution is used. 
After the control of bleeding and thorough irrigation of the cavity on the pulp stump medicament paste is placed. As usual the pastes with calcium hydroxide are used (see the pastes for the biological treatment of pulpitis).These pastes placed on the pulp stumps without any pressure and caries cavity hermetically sealed with temporary dressing. After 10-14 days when pain is absent the temporary dressing is changed on final restoration from composites or amalgam (Fig. 61).
Variant of vital pulpotomy in young patients with incompletely developed roots is called apexification. This procedure requires complete canal cleaning, shaping, removal of smear layer and disinfection before the apical placement of this material is accomplished using calcium hydroxide. The calcium hydroxide kills bacteria and creates an environment conducive for hard tissue formation. The material is left in place or changed every 3 to 6 months in an attempt to enhance the tissue response. During this time period the root hard tissue develops and the root formation is ended.
PULPECTOMY
The main treatment of pulp inflammation consists of in removing a vital pulp from pulp chamber (pulp amputation) and root canal. This is termed pulp extirpation or pulpectomy. Total pulpectomy, extirpation of the pulp to or near the apical foramen, is indicated when the root apex is fully formed and the foramen sufficiently closed to permit obturation with conventional filling materials. If the pulp must be removed from a tooth with an incompletely formed root and an open apex, partial pulpectomy (pulp amputation) is preferred. This technique leaves the apical portion of pulp intact with the hope that the remaining stump will encourage completion of the apex. The necrotic or “mummified” tissue remaining in the pulp cavity of a pulpless tooth has lost itʼs identify as an organ; hence, its removal is called pulp cavity debridement.
Indications
Pulp “mummification” with either arsenic trioxide, formaldehyde, or other destructive compounds was at one time preferable to extirpation. With the advent of effective local anaesthetics, pulpectomy has become a relatively painless process and superseded “mummification,” with its attendant hazards of bone necrosis and prolonged postoperative pain.
Pulpectomy is indicated in all cases of irreversible pulp disease. With pulpectomy, dramatic relief is obtained in cases of acute pulpitis resulting from infection, injury, or operative trauma. Pulpectomy is usually the treatment of choice when carious or mechanical exposure has occurred. In a number of instances, restorative and fixed prosthetic procedures require intentional extirpation.
Technique

The following are the steps in the performance of a well-executed pulpectomy (Fig. 62):


1. Obtain regional anaesthesia.


2. Prepare a minimal coronal opening and, with a sharp explorer, test the pulp for depth of anaesthesia.


3. If necessary, inject anaesthetic intrapulpally.


4. Complete the access cavity.


5. Excavate the coronal pulp (amputation).


6. Extirpate the radicular pulp.


7. Control bleeding and debride and shape the canal.


8. Place medication or the final filling.


Each of these steps must be completed carefully before the next is begun, and each requires some explanation.
Minimal Coronal Opening and Intrapulpal Anaesthesia
The popular misconception that endodontic treatment invariably involves suffering will not be completely dispelled until all practitioners employ effective anaesthesia techniques while completing procedures as potentially painful as pulpectomy. It is wise to anticipate that, in spite of apparently profound anaesthesia, an intraligamentary or intrapulpal injection may be required to obtain total anaesthesia, particularly with an inflamed pulp. If the patient experiences pain during the initial stage of access preparation, there is no question that manipulation of the pulp will be a painful process. The success of the intrapulpal injection will be ensured if the initial penetration of the pulp chamber is made with a sharp explorer close to the size of the injection needle. Since the needle fits the small opening tightly, the anaesthetic can be forced into the pulp under pressure. Total anaesthesia follows immediately.
Completion of the Access Preparation

Coronal access must be adequate and complete to allow thorough excavation of the tissue from the pulp chamber. Because intrapulpal injection with 2% lidocaine or articaine with 1:50 000 epinephrine promotes excellent hemostasis, it can be used during the completion of the access cavity to prevent interference from haemorrhaging tissue.
Excavation of the Coronal Pulp

All of the tissue in the pulp chamber should be removed before extirpation of the radicular pulp is begun. All pulp tissue that has not been removed by the round bur should be eliminated with a sharp spoon excavator. The tissue is carefully curetted from the pulp horns and other ramifications of the chamber. Failure to remove all tissue fragments from the pulp chamber may result in later discoloration of the tooth. At this point, the chamber should be irrigated well to remove blood and debris.
Extirpation of Radicular Pulp

The instrument used for this procedure is determined by the size of the canal and/or the level at which the pulp is to be excised.
Large Canal, Total Pulpectomy

If the canal is large enough to admit a barbed broach and a total pulpectomy is desired, the approach is as follows:


1. A pathway for the broach to follow is created by sliding a reamer, file, or pathfinder along the wall of the canal to the apical third. If the pulp is sensitive or bleeding, the anaesthetic syringe needle may be used as the “pathfinder.” A drop of anaesthetic deposited near the apical foramen will stop the flow of blood and all pain sensations. At the same time, the needle displaces the pulp tissue and creates the desired pathway for a broach.


2. A broach, small enough not to bind in the canal, is passed to a point just short of the apex. The instrument is rotated slowly, to engage the fibrous tissue in the barbs of the broach, and then slowly withdrawn. Hopefully, the entire pulp will be removed with the broach (Fig. 63). If not, the process is repeated. If the canal is large, it may be necessary to insert two or three broaches simultaneously to entwine the pulp on a sufficient number of barbs to ensure its intact removal.


3. If the pulp is not removed intact, small broaches are used to “scrub” the canal walls from the apex outward to remove adherent fragments. A word of caution: The barbed broach is a friable instrument and must never be locked into the canal. Handle with care!
Control of Bleeding and Debridement of Canal
Incomplete pulpectomy will leave in the canal fragments of tissue that may remain vital if their blood supply is maintained through accessory foramina or along deep fissures in the canal walls. These remnants of the pulp may be a source of severe pain to the patient, who will return seeking relief as soon as the anaesthesia wears off. This is a desperately painful condition and requires immediate reanesthetization and extirpation of all tissue shreds. Any overlooked tissue will also interfere with proper obturation during immediate filling procedures.

Persistent bleeding following extirpation is usually a sign that “tags” of pulp tissue remain. If the flow of blood is not stopped by scrubbing the canal walls with a broach, as described above, it may originate in the periradicular area. In these cases, it is best to dry the canal as much as possible after irrigating with anaesthetic. A dry cotton pellet is then sealed in until a subsequent appointment.
Placement of Medication or Root Canal Filling

If pulpectomy was necessitated by pulpitis resulting from operative or accidental trauma, or planned extirpation of a normal pulp for restorative purposes was done, cleaning and shaping and obturation of the canal can be completed immediately. If a delay is necessary, a drug of choice or dry cotton should be sealed in the chamber. The final canal filling should never be placed, however, unless all pulpal shreds are removed and haemorrhage has stopped. Immediate filling is contraindicated if the possibility of pulpal infection exists.
Intracanal Medication
Antibacterial agents such as calcium hydroxide are recommended for use in the root canal between appointments. While recognizing the fact that most irrigating agents destroy significant numbers of bacteria during canal debridement, it is still thought good form to further attempt canal sterilization between appointments.
Root canal preparation
With the completion of the coronal access cavity, preparation of the radicular cavity may be started. Root canal preparation has two objectives: thorough debridement of the root canal system and the specific shaping of the root canal preparation to receive a specific type of filling.

The first objective is achieved by skilful instrumentation coupled with liberal irrigation. This double-pronged attack will eliminate most of the bacterial contaminants of the canal as well as the necrotic debris and dentin.

Cleaning and sanitizing the root canal have been likened to the removal of carious dentin in a restorative preparation—that is, enough of the dentin wall of the canal must be removed to eliminate the attached necrotic debris and, insofar as possible, the bacteria and debris found in the dentinal tubuli. Along with repeated irrigation, the debriding instruments must be constantly cleaned. Sterile gauze square soaked in alcohol is used to wipe the instruments.

Over the years, two different approaches to root canal cleaning and shaping have emerged: the “step-back” and the “step-down” preparations. The step-back preparation is based upon the traditional approach: beginning the preparation at the apex and working back up the canal coronally with larger and larger instruments. The step-down preparation, often called “the crown-down approach,” begins coronally and the preparation is advanced apically, using smaller and smaller instruments, finally terminating at the apical stop.
Chemomechanical Debridement. The pulp chamber and root canals of untreated non-vital teeth are filled with a gelatinous mass of necrotic pulp remnants and tissue fluid. Essential to endodontic success is the careful removal of these remnants, microbes, and dentinal filings from the root canal system. The apical portion of the root canal is especially important because of its relationship to the periradicular tissue. Although instrumentation of the root canal is the primary method of canal debridement, irrigation is a critical adjunct. Irregularities in canal systems such as narrow isthmi and apical deltas prevent complete debridement by mechanical instrumentation alone. Irrigation serves as a physical flush to remove debris as well as serving as a bactericidal agent, tissue solvent, and lubricant. Furthermore, some irrigants are effective in eliminating the smear layer.
Root Canal Irrigants. A wide variety of irrigating agents are available. Sodium hypochlorite is one of the most widely used irrigating solutions. Household bleach such as Chlorox contains 5.25% sodium hypochlorite. Some suggest that it be used at that concentration, whereas others suggest diluting it with water, and still others alternate it with other agents, such as ethylenediaminetetraacetic acid with centrimide (EDTAC) or chlorhexidine. By combining 5.0% sodium hypochlorite with EDTA, however, the bactericidal effect was considerably enhanced. Sodium hypochlorite is an effective antimicrobial agent, serves as a lubricant during instrumentation, and dissolves vital and non-vital tissue.
Chlorhexidine gluconate is an effective antimicrobial agent, and its use as an endodontic irrigant has been well documented. It possesses a broad-spectrum antimicrobial substantive action, and a relative absence of toxicity. The alternate use of sodium hypochlorite and chlorhexidine gluconate irrigants resulted in a greater reduction of microbial flora (84.6%) when compared with the individual use of sodium hypochlorite (59.4%) or chlorhexidine gluconate (70%) alone.

Regardless of the delivery system, the solution must be introduced slowly and the needle never wedged in the canal. Several types of plastic disposable syringes are available. The syringe is filled by immersing the hub into the solution while withdrawing the plunger. It is strongly recommended that the needle lie passively in the canal and not engage the walls. However, the closer the needle tip is placed to the apex, the greater the potential for damage to the periradicular tissues.
The determination of an accurate working length is one of the most critical steps of endodontic therapy. The cleaning, shaping, and obturation of the root canal system cannot be accomplished accurately unless the working length is determined precisely. Working lengths defined in the endodontic Glossary as “the distance from a coronal reference point to the point at which canal preparation and obturation should terminate” (Fig. 64).

Before cleaning and shaping are undertaken, the length of each canal must be established. This can be done radiographically or electronically. One must first establish in one’s own mind just where the preparation and obturation of the canal should terminate. It has long been suggested that the minor diameter at the cementodentinal junction is often the narrowest site of the apical foramen, the apical constriction, and that this is where the apical stop should be established. Measurements have shown this site to be from 0.5 to 1.0 mm from the major diameter, the radiographic apex (Fig. 65).

So, if the full length of the canal is determined, 0.5 to 1.0 mm should be subtracted to stay within the confines of the canal and terminate at its narrowest point (Fig. 66). This should be the working length. Some would argue that preparation and filling should 
Determination of Working Length by Radiographic Methods.To establish the length of the tooth, a stainless steel reamer or file with an instrument stop on the shaft is needed. The exploring instrument size must be small enough to negotiate the total length of the canal but large enough not to be loose in the canal. Measure the tooth on the preoperative radiograph. Place the instrument in the canal until the stop is at the plane of reference unless pain is felt (if anaesthesia has not been used). Expose, develop, and clear the radiograph. On the radiograph, measure the difference between the end of the instrument and the end of the root and add this amount to the original measured length the instrument extended into the tooth. If, through some oversight, the exploring instrument has gone beyond the apex, subtract this difference. From this adjusted length of tooth, subtract a 1.0 mm “safety factor” to conform with the apical termination of the root canal at the apical constriction (Fig. 67).
Determination of Working Length by Electronics.The appliance “apex locator” is commonly used. It is a simple direct current ohmmeter to measure a constant resistance of 6.5 kilo ohms between oral mucous membrane and the periodontium regardless of the size or shape of the teeth. One side of the apex locator’s circuitry is connected to an endodontic instrument. The other side is connected to the patient’s body, either by a contact to the patient’s lip or by an electrode held in the patient’s hand. The electrical circuit is complete when the endodontic instrument is advanced apically inside the root canal until it touches periodontal tissue. The display on the apex locator indicates that the apical area has been reached (Fig. 68).
Techniques of radicular cavity preparation. Over the years, there has been a gradual change in the ideal configuration of a prepared root canal. After Schilder’s classic description of “cleaning and shaping,” the more accepted shape for the finished canal has become a gradually increasing taper, with the smallest diameter at the apical constriction, terminating larger at the coronal orifice.

Two approaches to debriding and shaping the canal have finally emerged: either starting at the apex with fine instruments and working one’s way back up (or down) the canal with progressively larger instruments—the “step-back” or serial technique—or the opposite, starting at the cervical orifice with larger instruments and gradually progressing toward the apex with smaller and smaller instruments—the “step-down” technique, also called “crown-down” filing.
Step-Back Preparation. This preparation divided into two phases. Phase I is the apical preparation starting at the apical constriction. Phase II is the preparation of the remainder of the canal, gradually stepping back while increasing in size. The completion of the preparation is the Refining Phase IIA and IIB to produce the continuing taper from apex to cervical (Fig. 69).

Prior to the introduction of nickel-titanium files, one of the first axioms of endodontics has been to “always use a curved instrument in a curved canal.” The degree and direction of the curve are determined by the canal shadow in the radiograph.
Phase I. To start Phase I instrumentation, it must be assumed that the canal has been explored with a fine pathfinder or instrument and that the working length has been established—that is, the apical constriction identified. The first active instrument to be inserted should be a fine (No. 08, 10, or 15) 0.02, tapered, stainless steel file, curved and coated with a lubricant, such as Gly-Oxide, R.C. Prep, File-Eze, Glyde, K-Y Jelly, or liquid soap.

The motion of the instrument is “watch winding,” two or three quarter-turns clockwise-counter clockwise and then retraction. On removal, the instrument is wiped clean, recurved, re-lubricated, and repositioned. “Watch winding” is then repeated. Remember that the instrument must be to full depth when the cutting action is made. This procedure is repeated until the instrument is loose in position. Then the next size K file is used—length established, pre-curved, lubricated, and positioned. Again, the watch-winding action and retraction are repeated. Very short (1.0 mm) filing strokes can also be used at the apex.

By the time a size 25 K file has been used to full working length, Phase I is complete. The 1.0 to 2.0 mm space back from the apical constriction should be clean of debris unless this area of the canal was large to begin with, as in a youngster. Then, of course, larger instruments are used to start with.

Using a number 25 file here as an example is not to imply that all canals should be shaped at the apical restriction only to size 25. Many, in fact most, canals should be enlarged beyond size 25 at the apical constriction in order to round out the preparation at this point and remove as much of the extraneous tissue, debris, and lateral canals as possible. A size 25 file is used here as an example and as a danger point for beyond No. 25 lies danger!
Phase II. In a fine canal(and in this example), the step-back process begins with a No. 30 K-style file. Its working length is set 1 mm short of the full working length. It is pre-curved, lubricated, carried down the canal to the new shortened depth, watch wound, and retracted. The same process is repeated until the No. 30 is loose at this adjusted length. Recapitulation to full length with a No. 25 file follows to ensure patency to the constriction. This is followed by copious irrigation before the next curved instrument is introduced. In this case, it is a No. 35, again shortened by 1.0 mm from the No. 30 (2.0 mm from the apical No. 25). It is curved, lubricated, inserted, watch wound, and retracted followed by recapitulation and irrigation.

Thus, the preparation steps back up the canal 1 mm and one larger instrument at a time. When that portion of the canal is reached, usually the straight midcanal, where the instruments no longer fit tightly, then perimeter filing may begin, along with plenty of irrigation. It is at this point that Hedstroem files are most effective. They are much more aggressive rasps than the K-files. The canal is shaped into the continuous taper so conducive to optimum obturation. Care must be taken to recapitulate between each instrument with the original No. 25 file along with ample irrigation.

This midcanal area is the region where reshaping can also be done with power-driven instruments: Gates-Glidden drills, starting with the smaller drills and gradually increasing in size to No. 4, 5, or 6. Proper continuing taper is developed to finish Phase IIA preparation.

Refining Phase IIB is a return to a size No. 25 (or the last apical instrument used), smoothing all around the walls with vertical push-pull strokes, to perfect the taper from the apical constriction to the cervical canal orifice. In this case, a safe-ended, noncutting-tip Hedstroem file is the most efficient. It produces a good deal of dentin chips, however, that must be broken up at the apex with a cutting-tip K file and then flushed out with abundant sodium hypochlorite.

This completes the chemomechanical step-back preparation of the continuing taper canal. It is now ready to be filled or medicated and sealed at the coronal cavity until the next appointment. If it is to be filled, the smear layer should first be removed.
Step-Down Technique - “Crown-Down Pressureless Preparation” in which Gates-Glidden drills and larger files are first used in the coronal two-thirds of the canals and then progressively smaller files are used from the “crown down” until the desired length is reached. This has become known as the step-down or crown-down technique of cleaning and shaping (Fig. 70).

A primary purpose of this technique is to minimize or eliminate the amount of necrotic debris that could be extruded through the apical foramen during instrumentation. This would help prevent post-treatment discomfort, incomplete cleansing, and difficulty in achieving a biocompatible seal at the apical constriction. Also emphasized the importance of removing all pulp remnants before shaping begins to ensure that this tissue does not “pile up” at the constriction and impede full cleaning and shaping to that point.

In this method, the access cavity is filled with sodium hypochlorite, and the first instrument is introduced into the canal. One should start with a wider (0.04 or 0.06 taper) instrument or a Gates-Glidden drill to free up the canal so that a fine instrument may reach the mid- and apical canal. This would be the beginning of step-down preparation. 

The initial penetrating instrument is a small, curved, stainless steel K file, exploring to the apical constriction and establishing working length. To ensure this penetration, one may have to enlarge the coronal third of the canal with progressively smaller Gates- Glidden drills or with instruments of larger taper such as the .04 or the .06 instruments. At this point, and in the presence of sodium hypochlorite and/or a lubricant such as Glyde, step-down cleaning and shaping begins with K-Flex, Triple-Flex, or Safety Hedstrom (Sybron Endo/Kerr; Orange, Calif.) instruments in either the 0.02, 0.04, or 0.06 taper configurations depending on the canal size to begin with. Starting with a No. 50 instrument (for example) and working down the canal to, say, a size No. 15, and the instruments are used in a watch-winding motion until the apical constriction (or working length) is reached. When resistance is met to further penetration, the next smallest size is used. Irrigation should follow the use of each instrument and recapitulation after every other instrument. To properly enlarge the apical third, and to round out ovoid shape  and lateral canal orifices, a reverse order of instruments may be used starting with a No. 20 (for example) and enlarging this region to a No. 40 or 50 (for example). The tapered shape can be improved by stepping back up the canal with ever larger instruments, bearing in mind all the time the importance of lubrication, irrigation, and recapitulation. At this point, the canal should be ready for smear layer removal, drying, and either medication or obturation.

Over the past few years, the movement toward using rotary nickel-titanium instruments for root canal preparation has resulted in a multitude of instrumentation systems in the marketplace. The manufacture of variably tapered and “Gates-Glidden-like,” flexible nickel-titanium instruments, for use in gear-reduction, slow-speed handpieces, either air driven or electric, has enabled the skilled clinician to deliver predictable canal shapes with enhanced speed and increased efficiency.
Root canal preparation is considered finished, if a root canal corresponds with such requirements:
—  it is fully free from an infectious dentin;

—  has a tapered shape from cervical orifice of the root canal to apex;

—  it is enough enlarged;

—  has the formed apically support;

—  dry, clean, sterile.
Obturation of root canal
Nearly 60% of the failures in the endodontic treatment were apparently caused by incomplete obliteration of the radicular space. 
Periradicular inflammation is presumed to persist under the influence of any noxious substance. Bacteria certainly play a major role in the production of toxic products in the root canal. However, in the absence of bacteria, degraded serum per se may well assume the role of the primary tissue irritant. The persistence of periradicular inflammation, in the absence of bacterial infection, might thus be attributed to the continuing apical percolation of serum and its breakdown products.

It is apparent that the preliminary objectives of operative endodontics are total debridement of the pulpal space, development of a fluid-tight seal at the apical foramen, and total obliteration of the root canal.

The anatomic limits of the pulp space are the dentinocemental junction apically, and the pulp chamber coronally.

The root canal is ready to be filled when the canal is cleaned and shaped to an optimum size and dryness. Dry canals may be obtained with absorbent points except in cases of apical periodontitis or apical cyst, in which “weeping” into the canal persists.

The materials used to fill root canals have been legion, running the gamut from gold to feathers. Grossman grouped acceptable filling materials into plastics, solids, cements, and pastes. He also delineated 10 requirements for an ideal root canal filling material that apply equally to metals, plastics, and cements:


1. It should be easily introduced into a root canal.


2. It should seal the canal laterally as well as apically.


3. It should not shrink after being inserted.


4. It should be impervious to moisture.


5. It should be bacteriostatic or at least not encourage bacterial growth.


6. It should be radiopaque.


7. It should not stain tooth structure.


8. It should not irritate periradicular tissue.


9. It should be sterile or easily and quickly sterilized immediately before insertion.


10. It should be removed easily from the root canal if necessary.


Both gutta-percha and silver points meet these requirements. If the gutta-percha point has a fault, it lies in its inherent plasticity, for it requires special handling to position it. The major fault with the silver point is its lack of plasticity—its inability to be compacted. Both must be cemented into place, however, to be effective.
Sealers

In addition to the basic requirements for a solid filling material, Grossman listed 11 requirements and characteristics of a good root canal sealer:


1. It should be tacky when mixed to provide good adhesion between it and the canal wall when set.


2. It should make a hermetic [sic] seal.


3. It should be radiopaque so that it can be visualized in the radiograph.


4. The particles of powder should be very fine so that they can mix easily with the liquid.


5. It should not shrink upon setting.


6. It should not stain tooth structure.


7. It should be bacteriostatic or at least not encourage bacterial growth.


8. It should set slowly.


9. It should be insoluble in tissue fluids.


10. It should be tissue tolerant, that is, nonirritating to periradicular tissue.


11. It should be soluble in a common solvent if it is necessary to remove the root canal filling. One might add the following to Grossman’s 11 basic requirements:


12. It should not provoke an immune response in periradicular tissue.


13. It should be neither mutagenic nor carcinogenic.

In choosing a sealer, factors other than adhesion must be considered: setting time, ease of manipulation, antimicrobial effect, particle size, radiopacity, proclivity to staining, dissolvability, chemical contaminants (hydrogen peroxide, sodium hypochlorite), cytotoxicity, cementogenesis, and osteogenesis (Table 14).
Table 14. Materials for root canals obturation (sealers)
	Group
	Name
	Producer
	Description

	I. Cements:

	
	Унифас-2
	„Медполимер”, Russia
	The zinc-phosphate cement

	
	Фoсфат-цемент
	Russia,Ukraine
	The zinc-phosphate cement

	
	Endion
	«Voco», Germany
	Glass-ionomer cement

	
	Endo-Jen
	«Jendental», The USA
	Glass-ionomer cement

	
	Ketac-Endo Aplicator
	ESPE, Germany
	Twocomponent glass-ionomer cement

	II. Hardening pasts:

	Zinc oxide-eugenol cements
	Endobtur
	Septodont, France
	Zinc oxide-eugenol antiseptic sealer

	
	Estesone
	Septodont, France
	Zinc oxide-eugenol sealer with antiinflammatory action

	
	Endometazone
	Septodont, France
	Zinc oxide-eugenol sealer with antiinflammatory action

	
	Canason
	«Voco», Germany
	Zinc oxide-eugenol sealer with with cortizon and paraformaldehyde

	
	Endofil
	Brazil
	Sealer on the basis of eugenol

	Formaldehyde containing preparations
	Treatment Spad
	SPAD
	Antiseptic sealer

	
	Cresopasta
	Septodont, France
	Antiseptic sealer

	
	Foredent
	Dental, Czech
	Antiseptic sealer

	Containing calcium hydroxide
	Diaket
	ESPE
	Containing calcium hydroxide sealer

	
	Sealapex
	Kerr
	Containing calcium hydroxide sealer

	
	Biocalex
	SPAD
	Containing calcium hydroxide and cortizon sealer

	
	Calasept
	Scania Dental
	Containing calcium hydroxide sealer

	Based on epoxy resin
	Topseal
	Dentsply
	Sealer based on epoxy resin.

	
	AN-Plus
	Dentsply
	Sealer based on epoxy resin.

	
	TubliSeal
	Kerr
	Sealer based on epoxy resin.


Cements, Plastics, and Pastes
The cements, which have a wide dentistʼs acceptance, are primarily zinc oxide-eugenol (ZOE) cements, the polyketones, and epoxy. The pastes currently in worldwide vogue are chlorapercha and eucapercha, as well as the iodoform pastes, which include both the rapidly absorbable and the slowly absorbable types. Despite their disadvantages, pastes are applicable in certain cases. The plastics show promise, as do the calcium phosphate products. At present the methods most frequently used in filling root canals involve the use of solid-core points, that are inserted in conjunction with cementing materials. Gutta-percha and silver per se are not considered adequate filling material unless they are cemented in place in the canal. The sealers are to form a fluid-tight seal at the apex by filling the minor interstices between the solid material and the wall of the canal, and also by filling patent accessory canals and multiple foramina. Dye-immersion studies have shown the necessity of cementation, without which dye penetrates back into the canal after compaction; this occurs with all known solid-core root canal–filling techniques.
Gutta-percha
Gutta-percha is by far the most universally used solid-core root canal filling material and may be classified as a plastic. To date, modern plastics have been disappointing as solid-core endodontic filling materials. Chemically pure gutta-percha (or balata) exists in two distinctly different crystalline forms (alpha and beta) that can be converted into each other. The alpha form comes directly from the tree. Most commercial gutta-percha, however, is the beta crystalline form. There are few differences in physical properties between the two forms, merely a difference in the crystalline lattice depending on the annealing and/or drawing process used when manufacturing the final product. Traditionally, the beta form of gutta-percha was used to manufacture endodontic gutta-percha points to achieve an improved stability and hardness and reduce stickiness. Although techniques of gutta-percha placement involving heating in the root canal caused reversible physical changes, no apparent changes in chemical composition take place.

For endodontic usage the gutta-percha supplied by manufacturers in form of gutta-percha filling points which contain about 20% of its chemical composition of gutta-percha, whereas the 60 to 75% of the composition is zinc oxide filler. The remaining constituents are wax or resin to make the point more pliable and/or compactable and metal salts to lend radiopacity.

Gutta-percha points (or cones) are supplied in two shapes. The traditional form is cone shaped to conform to the perceived shape of the root canal. The other shape of gutta-percha points is standardized to the same size and shape as the standardized (ISO) endodontic instruments. These points are available in the standardized .02 taper as well as in increased taper sizes (.04, .06, etc) to correspond to the newer tapered instrument sizes. Color coding the numbered points to match ISO instrument color has become routine.
Methods of obturating the root canal space
Today, most root canals are being filled with gutta-percha and sealers. The methods vary by the direction of the compaction (lateral or vertical) and/or the temperature of the gutta-percha, either cold or warm (plasticized).

These are the two basic procedures: lateral compaction of cold gutta-percha or vertical compaction of warmed gutta-percha. Other methods are variations of warmed gutta-percha.

The main methods are listed as follows:

I. Solid Core Gutta-Percha with Sealants

A. Cold gutta-percha points

1. Lateral compaction

2. Variations of lateral compaction

B. Canal-warmed gutta-percha

1. Vertical compaction

C. Thermoplasticized gutta-percha

1. Solid-core carrier insertion

a. Thermafil

Lateral compaction
The lateral compaction of cold gutta-percha points with sealer is the technique most commonly taught in dental schools and used by practitioners and has long been the standard against which other methods of canal obturation have been judged.

Lateral condensation can only be achieved if certain criteria are fulfilled in canal preparation and instrument selection (Fig. 71). The final canal shape should be a continuous taper, approaching parallel in the apical area, that matches the taper of the spreader/plugger. The spreader must reach within 1.0 to 2.0 mm of the working length, an apical stop must be created to resist apically directed condensation, and the accessory gutta-percha cones must be smaller in diameter than the spreader/plugger. Lateral condensation is not the technique of choice in preparations that cannot meet these criteria and not all canals can be shaped to meet these criteria. Before embarking on the filling process, however, several important steps in preparation must first be completed: spreader size determination, primary point and accessory point size determination, drying the canal, and mixing and placement of the sealer.
Before trying in the trial point, it is mandatory to fit the spreader to reach to within 1.0 to 2.0 mm of the true working length and to match the taper of the preparation. Spreader of the same apical instrument size or one size larger is chosen so that it reaches to within 1.0 to 2.0 mm but will not penetrate the apical orifice. A rubber stop should be placed on the shaft of the spreader to mark true working length minus 1 mm.
Gutta-percha points have been standardized in size and shape to match the standardized instrument sizes. Sealer can be place in abundance to ensure thorough canal wall contact because the technique will displace all excess sealer coronally. The premeasured primary (or master, or initial) point is now coated with cement and slowly moved to full working length.

When the fit of the cemented primary points ensured, the butt end, extending into the coronal cavity, should be removed with a hot instrument or scissors to allow room for visualization and the spreader that is to follow.

The premeasured spreader is then introduced into the canal alongside the primary point, and with a rotary vertical motion is slowly moved apically to full penetration, marked on the shaft with a silicone stop. It is the wedging force that occurs between the canal walls toward the gutta-percha that results in deformation and moulding of the gutta-percha to the opposite canal walls. The spreader is then removed with the same reciprocating motion and is immediately followed by the first auxiliary point inserted to the full depth of the space left by the spreader. Selecting auxiliary cones that are the same size or smaller in diameter or taper than the spreader requires. To ensure a cohesive filling, additional sealer should be added with each point as a lubricant to facilitate full penetration. Obturation is considered complete when the spreader can no longer penetrate the filling mass beyond the cervical line.

At this time the protruding points are severed at the orifice of the canal with a hot instrument. Vertical compaction with a large plugger will then ensure the tightest possible compression of the gutta-percha mass and provide a more effective seal against coronal leakage. All of the sealer and gutta-percha should then be removed from the pulp chamber and a final radiograph taken. After an intraorifice barrier is placed, either a final or temporary coronal filling should follow.
Chemically Plasticized Cold Gutta-percha. A modification of the lateral compaction technique involves the use of a solvent to soften the primary gutta-percha point in an effort to ensure that it will better conform to the aberrations in apical canal anatomy.

In this technique the primary point is blunted and fitted 2.0 mm short of the working length. It is then dipped in the solvent for 1 second and set aside while sealer is placed in the canal. This allows the solvent to partially evaporate. Too much solvent, as with a two- or three-dip method, will materially increase leakage. Not only does the gutta-percha volume shrink as the solvent evaporates in the canal, the sealer leaks as well, probably because of solvent dissolution.

To begin the obturation by lateral compaction, one must immediately position the customized master point to its full measured length and then spread it aside to allow the softened gutta-percha to flow. The spreader is rotated out and is followed by additional points, spreader and points. Because 2.0 mm of the master tip have been solvent softened, it will flow to place to produce smooth, homogeneous, well-condensed gutta-percha fills closely adapted to the internal canal configuration in the apical third, including the filling of lateral canals, fins, and irregularities. The principal solvent used in this technique is chloroform.
Vertical Compaction of Warm Gutta-percha
This is obturating the root canal space “three-dimensionally” with gutta-percha, warmed in the canal and compacted vertically with pluggers (Fig. 72).

The primary point is blunted and fitted 2.0 mm short of the working length. The cone must fit tightly in the apical third, that is, have “tug back,” and have diminished taper toward the middle and coronal thirds as well. Warm gutta-percha vertical compaction prefers using a set of pluggers: a wider plugger for the coronal third of the canal, a narrower plugger for the middle third, and the narrowest plugger for the apical third of the canal. Also using a set heat carrier - the instrument designed much like a spreader. It was heated “cherry-red,” immediately carried into the canal, submerged into the mass of gutta-percha, and drawn through the gutta-percha for 2 or 3 seconds to allow the heat to transfer from the heat carrier.

Master gutta-percha cone fits tightly to radiographic apex. Master cone cut back 0.5 to 1.0 mm at tip and retried in canal. Trimmed incisal reference remains the same. Largest plugger pre-fit to coronal third of canal. Using the heat carrier, sear off the cone surplus in the pulp chamber down to the cervical level. This transfers heat to the coronal third of the gutta-percha cone and creates a platform to begin the first wave of compaction. Using the widest vertical plugger that has previously been coated with cement powder as a separating medium, the gutta-percha is folded into a mass and compacted in an apical direction with sustained 5- to 10-second pressure. This is the first wave of vertical compaction. At this temperature (42 to 45°C), the gutta-percha retains its same crystalline beta form with minimal shrinkage as it cools back to body temperature.

The second heat wave begins by introducing the heat carrier back into the gutta-percha, where it remains for 2 to 3 seconds and, when retrieved, carries with it the first selective gutta-percha removal. Immediately, the midsized coated plugger is submerged into the warm gutta-percha. The vertical pressure also exerts lateral pressure. This filling mass is shepherded apically in 3 to 4 mm waves created by repeated heat and compaction cycles. The second heating of the heat carrier warms the next 3 to 4 mm of gutta-percha and again an amount is removed on the end of the heat carrier. The warmed gutta-percha is then compacted vertically, and the material flows into and seals the apical portals of exit.

The apical “down-pack” is now completed, and if a post is to be placed at this depth, no more gutta-percha need be used. “Backpacking” the remainder of the canal completes the obturation. The classic method of backpacking consists of placing 5 mm pre-cut segments of gutta-percha in the canal, cold welding them with the appropriate plugger to the apical material, warming them with the heat-carrier and then compacting. This sectional procedure is continued with heat and the next wider plugger until the obturation of entire canal. In any event, the plasticized gutta-percha must be compacted with vertical pluggers to ensure its flow against canal walls, to weld it to the apical materials, and to minimize shrinkage. The final act involves the thorough cleansing of the pulp chamber below the cementoenamel junction, the addition of an appropriate barrier, and the placement of a permanent restoration.

Warm gutta-percha, vertically compacted, has proved most effective in filling the canals of severely curved roots and roots with accessory, auxiliary, or lateral canals, or with multiple foramina. Since the first indication of such anatomic variations may be observed during the filling procedure, it behoves the dentist to use a filling technique that ensures obturation in case such unusual canals.
Solid-core carrier insertion
In 1978, Johnson described a unique yet simple method of canal obturation with thermoplasticized alpha-phase gutta-percha carried into the canal on an endodontic file. ThermaFil is considered the major core-carrier technique, and through a licensing agreement with Dentsply, a duplicate product, Densfil was created. Recently, two similar products were introduced: Soft-Core, and its European version, Three Dee GP.

“ThermaFil is a patented endodontic obturator consisting of a flexible central carrier, sized and tapered to match variable tapered files (.04/.06) endodontic files (Fig. 73). The central carrier is uniformly coated with a layer of refined and tested alpha-phase gutta-percha.” Contemporary carriers are made of radiopaque plastic that is grooved along 60 degrees of their circumference.

After the canal is dried, a very light coat of sealer is applied to all of the walls. Plastic core carriers are heated in a controlled oven environment called the ThermaPrep Plus heating system. Immediately after the sealer is applied, the warmed obturator is removed from the ThermaPrep Plus heater and carried slowly to full working length in the canal.Previously, the built-in rubber stop, on the calibrated shaft, had been set at the proper length position. The carrier is not twisted during placement, and attempts to reposition the carrier should be avoided to prevent disruption of the gutta-percha that was initially positioned through the compacting action of the core carrier. Once it is ensured radiographically that the canal has been filled to the desired position, the shaft is severed in the coronal cavity (Fig. 74).

There was indicated that ThermaFil allows simple, fast, predictable filling of root canals. It was found to be especially useful for small or very curved canals. Radiographic assessment of this gutta-percha delivery technique has been quite favourable.
The Devitalize method of pulpitis treatment
This method of pulpitis treatment consists of in removing part of pulp (amputation) or all coronal and radicular pulp (pulpectomy) after it previous devitalization. It used in case of organism sensibility to anaesthetics, ineffectiveness of vital treatment methods, some systemic diseases.
Most often for pulp devitalization arsenic and paraformaldehyde preparations are used. These preparations act as protoplasmatic poison on oxidizing enzymes of pulp cells which leads to disturbance of metabolism, hypoxia with result of cell necrosis. The necrosis depth depends of duration and concentration of preparation. These preparations used in form of pastes, which consist of devitalization agents, anaesthetics, antiseptics and oil (eugenol for example). For pulp devitalization is sufficient 0,0002-0,0004 g of arsenic anhydride with act duration in one-rooted teeth 24 hours and in multi-rooted – 48 hours. The paraformaldehyde paste causes pulp devitalization during 10-14 days.
The devitalize pulpitis treatment method divided on pulp amputation (pulpotomy) and pulpectomy. Indications for treatment methods are the same as at vital methods usage.

The pulpotomy carried out over two appointments. At first appointment the treatment method is equal for pulpotomy and pulpectomy. After careful antiseptic irrigation of oral cavity the dentist provide proper local anaesthesia. The tooth is isolate by cotton rolls or rubber dam. The teeth surfaces wiped with 2% iodine solution, 1% chlorhexidine solution or other antiseptics. The thorough preparation of caries cavity carried out. In case of acute caries course very carefully remove the demineralized (leathery) dentin from the caries cavity floor, when pulp perforation occurred it is not a big mistake. In case of chronic caries course the pulp perforation is made especially for a better penetration of devitalize paste into the pulp. When haemorrhage develops carefully control bleeding. Then on the caries cavity floor near the pulp horn or the perforation place a small amount (the pellet with diameter about 1 mm) of devitalize paste and a little cotton pellet over it. Very carefully without pressure seal the caries cavity with a temporary dressing (Fig. 75).

At the second appointment performe the following the steps of a pulpectomy:

1. Removing temporary dressing.

2. Caries cavity preparation.

3. Complete the access cavity.

4. Excavate the coronal pulp (amputation).

5. Extirpate the radicular pulp.

6. Control bleeding and debride and shape the root canal.

7. Place medication or the final root canal filling.

8. Obturation of the root canal.

9. Temporary dressing or final restoration with composites or amalgam.

In case of pulpotomy at the second appointment performed the following steps:

1. Removing temporary dressing.

2. Caries cavity preparation.

3. Complete the access cavity.

4. Excavate the coronal pulp (amputation).

5. Control bleeding.

6. Place medication on the pulp.

7. Temporary dressing or final restoration with composites or amalgam.
After controlling the bleeding and thorough irrigation of the cavity then the medicament paste is placed on the pulp stump. As usual the pastes which contained resorzin-formaldehyde, creosote, cresols (paramonochlorphenol), iodophorm, and trioxymethylene are used. These pastes performed mummification action at the pulp stump. The pastes placed on the pulp stumps without any pressure and the caries cavity hermetically sealed with temporary dressing. After 10-14 days when pain is absent the temporary dressing changed on final restoration from composites or amalgam.
CHAPTER 6

APICAL PERIODONTITIS
ETIOLOGY OF APICAL PERIODONTITIS
Apical periodontitis — the disease, that arises up in periodontal ligament as a result of different irritant factors actions with development of local inflammation. As a results there  develops the damage of periodontal ligament tissues, pathologic mobility of tooth and even to the loss of tooth. Clinical feature of apical periodontitis it is enough different, therefore necessary study of main etiologic causes of this diseases.
Epidemiologic study of apical periodontitis documents that the prevalence of apical periodontitis varies among patients aged 20 to 30 (33% prevalence of apical periodontitis), 30 to 40 (40%), 40 to 50 (48%), 50 to 60 (57%), and older than 60 years of age (62%).
Etiologic irritant factors of apical periodontitis are enough various, their nature has the substantial value for the origin and development of pathological process. Therefore a doctor must define the etiologic factors of disease and conduct treatment according to its origin (etiology). No less the important value is had by localization of process. Inflammation can spread on apical part of periodontal ligament, as a result develops apical periodontitis, or spread to its marginal part, then develops marginal (regional) periodontitis. Most widespread is apical periodontitis.

Apical periodontitis can be caused by both exogenous and endogenous factors. Exogenous factors include microbes and their toxins and noxious metabolic byproducts, chemical agents, mechanical irritation, foreign bodies, and trauma. Endogenous factors include the host’s metabolic products, such as urate and cholesterol crystals, as well as cytokines or other inflammatory mediators that activate osteoclasts. These irritants can activate non-antigenic pathways or antigenic pathways to induce innate and adaptive immune-inflammatory responses, respectively. In the root canal system, infection of the pulp tissue caused by caries or other pathways is the primary cause of apical periodontitis.
Apical periodontitis depending on clinical and radiographic manifestations are classified as infectious (living, microbial irritants) and and noninfectious (nonliving irritants) genesis.
Infectious periodontitis is most widespread in dental practice. The main causes of its development are action of different microorganisms, which are present in a carious cavity, pulp chamber, root canals and their toxins.
The most frequent causative factors in apical periodontitis development (infectious inflammation) are the associations of aerobic and anaerobic microorganisms. Amongst aerobic bacteria, which is most widespread are - and - Streptococcus; Neisseria, Staphylococcus albus, Candida albicans and so on. Among anaerobic bacteria most widespread are B.perfringens, B.mesentericus, B.subtilis, Streptococcus viridans and so on (see Table 15).
Table 15. Bacteria Cultured and Identified from the Root Canals of Teeth with Apical Radiolucencies

	Bacteria
	Incidence (%)

	Peptostreptococcus anaerobius

Fusobacterium sp
Fusobacterium nucleatum

Campylobacter sp
Capnocytophaga ochracea

Streptococcus sp
Bacteroides sp
Prevotella intermedia

Peptostreptococcus micros

Eubacterium alactolyticum

Lactobacillus sp
Eubacterium lentum

Peptostreptococcus sp
Actinomyces sp
Eubacterium timidum

Eubacterium brachy

Selenomonas sputigena

Veillonella parvula

Porphyromonas endodontalis

Prevotella buccae

Prevotella oralis

Proprionibacterium propionicum

Prevotella denticola 

Prevotella loescheii

Eubacterium nodatum
	61

59

58

55

51

40

35

34

34

34

32

31

15

15

11

9

9

9

9

9

9

8

6

6

6


Microorganisms and their toxins may get in periodontal ligament in various ways (see Fig. 76).

1. The most widespread (main) way — through a root canal. More frequent an infection gets to periodontal space at the diffuse forms of pulp inflammation — at acute purulent pulpitis, chronic gangrenous pulpitis. Bacteria and their toxins get in periodontal space and cause the inflammatory reaction of periodontal ligament (Table 16).
Table 16. Etiology of apical periodontitis
	Infectious
	Noninfectious

	1. Mixed anaerobic and aerobic microflora

2. Aerobic
α-Streptococcus
- Streptococcus

Neisseria

Staphilococcus albus

Enterococcus

Corynebacterium

Candida

3. Anaerobic
Campylobacter

Porphyromonas

Prevotella

Wolinella

B.perfringens

B.mesentericus

B.subtilis

Str.Viridans

4. Bacteroides

Bacteroides
Veilonella

Fusobacterium
	1. Traumatic
Acute domestic trauma.

Deep pulpal extirpation.

Trauma by endodontic instruments.

Chronic trauma (filling,crown).

2. Chemical-toxical
Application of arsenic preparations.

Application of paraformaldehyde. Application of antiseptic.

Application of endodontic materials.

3. Allergic
Medical preparations (iodine, formalin, antibiotics and so on). Restorative materials

	Ways of penetration of infection
1.  Through the root canal

2.  Marginal way

3.  The haematogenic way

4.  Contact way (in the case of osteomyelitis, sinusitis)


2. Marginal way. More frequent it will be realized in patients with the diseases of periodontium. In the case of generalized or localized periodontitis the circular gingival ligament of tooth, cortical plate of alveolar bone destroyed with formation of periodontal pocket and microflora from it penetrate into periodontal space and causes inflammation of periodontal ligament.
3. Contact way. In patients with osteomyelitis or sinusitis a microflora from a pathological socket passes into the periodontal ligament of contact located teeth.
4. The haematogenic or lymphatogenic way. A microflora gets such way in periodontal ligament in patients with the infectious diseases.

To infectious belongs and is so called perifocal periodontitis, which was described by I.G. Lukomskiy in 1955. It develops in patients with acute and chronic pulpitis, pulp gangrene or other diseases, when an infection which is located in the root canal of of tooth and there is located the focus of inflammation — the area of pathological process. From this place separate bacteria and their toxins penetrate into periradicular space, causing the inflammatory reaction of periodontal ligament. After the removal of the focus of inflammation (for example removing of infected pulp, sterilization of root canal) the inflammation periodontal ligament disappears. Such inflammatory reaction of periodontal tissues in the area of root apex acts as barrier, that hinders to subsequent penetration of infection.
The non-ifectious apical periodontitis is caused by action on periodontal ligament different local and general irritant factors.

1. By the most widespread reason of development of such apical periodontitis are traumatic factors, mainly mechanical trauma — acute or chronic.

2. The chemical-toxic periodontitis belongs to the second large group.

3. Inflammations of periodontal ligament can cause allergic factors.

To the periodontitis traumatic causative factors belong different traumas. It may be an acute trauma (blow, falling and so on) causes the acute traumatic periodontal damage. In such cases more frequent suffer frontal teeth. The pathological changes are varied depending on force and direction of traumatic factor action. In the case of small traumas there can be the breaks of apical tissues of periodontal ligament that causes the inflammatory reaction, later it can pass and pulp remains living.

The strong damage of periodontal ligament may lead not only to development of apical periodontitis but also damage of pulp. Infections pulp complicates an inflammatory process in periodontal ligament.
Chronic trauma.At the weak, but constantly duration trauma (for example, in patients with the anomalies of occlusion, bad artificial crown, pontics prosthetic appliance or restorations) the force of traumatic action are concentrated in an area of the root apex. Such trauma causes gradual resorption of alveolar bone, and an organism also gradually compensates its due to formation of granulation inflammatory tissue in the area of trauma.
Apical periodontitis can develop in smokers with a pipe, in musicians, that play on wind instruments, in persons, that have harmful habits to bite off the ends of filaments by teeth, to gnaw a pencil and generally in all case, when permanent pressure on the area of root apex is created. In these cases the tooth crown remains intact, although the long-term inflammatory process in periodontal tissues can leads to the pulp death.
Traumatic apical periodontitis may develope as a results of non-adequate actions of dentist during treatment of inflamed pulp or root canal preparation. Such situation may develop during deep pulp extirpation with damages of periodontal ligament; wrong determination of working length of root canal by a file or reamer.
The chemical-toxic apical periodontitis develops mainly after dentists manipulations. In most cases it is related to application of arsenic paste, which damages periradicular tissues in the case of violation of terms of its action or high dose.
Strong antiseptic remedies (formalin, phenol, ferezol and so on) which are used for canal preparation may irritate periodontal ligament and lead to inflammation development.
Allergic apical periodontitis develops in patients with the high sensitiveness to some medicaments, that are used for medical treatment and filling of root canals. Often enough the allergic reactions occurs after the use of iodine and its preparations, also in the case of a temporary filling with its composition in the root canals.

In many clinical cases there are combinations of different etiologic factors. For example, tooth with necrotic or infected pulp can be additionally injured; the medicamental apical periodontitis can develop after treatment of infected root canal, when an irritative medicinal factor unites with infectious. All it complicates medical treatment, requiring from dentist thoroughly analysis clinical data for determination of main etiologic factor of disease.

CLINICAL FEATURE OF ACUTE AND CHRONIC

APICAL PERIODONTITITS
Quite often an inflammatory process from periodontal space spreads into adjoining bone tissue of jaw. In a bone develops a purulent process — a pus penetrates into bone tissue through Haversian and Volkmann`s canals and gathered under a periosteum. In course of the acute purulent apical periodontitis it is possible to distinguish 4 successive phases (Fig. 77).

1. The periodontal phase — purulent process in the limits of periodontal space, reactive inflammation in an alveolar bone.
2. The endostal phase — pus in an alveolar bone, with infiltration of periosteum.
3. The subperiostal phase —- pus under periosteum (subperiostal abscess).
4. The submucous phase —– destruction of periosteum, pus in soft tissues (submucous abscess).
Such determination of phase of acute purulent apical periodontitis it is important for the choice of methods of medical treatment, as each of the subsequent phases needs specific measures. With achievement of balance between of irritant factors and organism resistance the pathologic process in periodontal ligament diminished or disappeared. The formation of granulation tissue begins. This tissue develops directly after the processes of alteration and exudation and recovers damaged periodontal tissue, forming the scar.
PATHOGENESIS OF APICAL PERIODONTITIS
When pulps are infected/inflamed, many innate and adaptive immune cells release elevated amounts of various inflammatory mediators, including cytokines, chemokines, and neuropeptides. As the pulpal inflammation spreads, the inflammatory mediators begin to alter the physiology of the periapical tissues. Clinically, the observable changes on radiographic examination are widening of the periodontal ligament space or development of apical osteolytic lesions due to bone resorption. The loss of bone is mainly caused by activated osteoclasts. Many cytokines, such as interleukin (IL)-1, IL-11, IL-17, and tumor necrosis factor α(TnF-α), are found to have the ability to induce osteoclast differentiation and activation. The inflammation-induced bone resorption in the periapical tissues is accompanied by recruitment of immune cells that essentially build a defensive line against the spread of microbial invasion from the root canal. The pathogenesis of apical periodontitis involves innate and adaptive immune responses as well as sensory nerve response in the periapical tissues. Immune cells present in human periradicular lesions consist of lymphocytes, macrophages, plasma cells, neutrophils, and natural killer (nK) cells with the former two types as the majority.

PATHOGENESIS OF CHRONIC APICAL PERIODONTITIS

At the conditions with prevalence of organism resistance under relatively weak irritant factors the chronic fibrous apical periodontitis develops. It may develope as an independent form as a result of microtrauma, chronic pulpitis or after medical treatment of pulpitis. But the most frequent disease develops after medical treatment of other chronic forms of apical periodontitis.

Under action of irritant factor on periodontal tissue it gradually transformed into dense connective tissue, that remains a scar. However on the early stages of chronic fibrous apical periodontitis development in apical part of connecting tissue there are the areas of granulation tissue. It contains fibroblasts, plasmocytes, and areas of leukocytes and lymphocytes cells infiltration.

Cementoblasts and osteoblasts are afterwards activated and formed hypercementosis which narrowing periodontal space with results in its deformation.
The chronic granulation apical periodontit develops as a result of acute inflammatory process, especially after the acute purulent apical periodontitis. It can develop in patients with chronic pulpitis especially gangrenous.

Formation of granulation tissue rich on capillaries and fibroblasts is an evidence of more high level of organism resistance.

Under act of irritants from the root canal all periradicular periodontal tissue replaced by granulation tissue. The compact plate of alveolar bone and the adjoining tooth cement undergoing lysis under action of overgrowing granulation tissue. Osteoclasts penetrate into alveolar bone and destroyed bone trabecules. A granulation tissue can spread into soft tissues and create gingival or skin fistula. Activating of pathogenic factor causes an exacerbation of chronic inflammatory process in the periradular tissues.
The chronic apical granuloma (periradicular granuloma).This form of chronic apical periodontitis has 2 ways of development. At first an inflammatory process can develop after acute purulent apical periodontitis and is accompanied by growing of granulation tissue. It had no tendency for active growth and an external layer is replaced by fibre connecting tissue. At second granuloma it can develop from granulating apical periodontitis. In the case of high enough organism resistance and periodontal ligament, relatively low-grade irritant microbial factor of the granulation tissue can lose an aggressive character. On their periphery connective tissue capsule is formed and surrounds the granulation tissue.

Histologically, the periradicular granuloma (simple, fibrous) consists predominantly of granulation inflammatory tissue with many small capillaries, fibroblasts, numerous connective tissue fibers, inflammatory infiltrate, and usually a connective tissue capsule. This tissue, replacing the periodontal ligament, apical bone, and sometimes the root cementum and dentin, is infiltrated by plasma cells, lymphocytes, mononuclear phagocytes, and occasional neutrophils. Epithelium in varying degrees of proliferation can be found in a high percentage of periradicular granulomas. In these cases it was named epithelial granuloma. As a result of epithelial cells proliferation developed periradicular cyst. Histological examination of a periradicular cyst shows a central cavity lined by stratified squamous epithelium. This lining is usually incomplete and ulcerated. The lumen of the periradicular cyst contains a pale eosinophilic fluid and occasionally some cellular debris. The connective tissue surrounding the epithelium contains the cellular and extracellular elements of the periradicular granuloma.
Any form of chronic apical periodontitis, when organism resistance reduced, may exacerbate (more frequent the chronic granulating apical periodontitis). Each of these three forms of chronic apical periodontitis can pass from one into another.
CLASSIFICATION OF APICAL PERIODONTITIS
Acute and the chronic periodontitis is one of main reasons of premature loss of teeth. The prevalence of different foms of apical periodontitis is ranged between 15 to 30 %. The lesion frequently develops and enlarges as a result of inadequate root canal treatment may also cause the development of these lesions. Generally, a necrotic pulp gradually releases noxious agents with low-grade pathogenicity or in low concentration that results in the development of chronic apical periodontitis. This pathosis is a long-standing, “smouldering” lesion and is usually accompanied by radiographically visible periradicular bone resorption.

Apical periodontitis is characterized in two ways—acute and chronic, as well as symptomatic and asymptomatic.
In Ukraine and Russia was used the classification of apical periodontitis by I.G. Lucomskiy (1955). In accordance with this classification all forms of apical periodontitis was subdivide into 3 main groups.

I.  Acute apical periodontitis (Periodontitis acuta).

1.   Acute serous apical periodontitis (Periodontitis acuta serosa).
2.   Acute purulent apical periodontitis (Periodontitis acuta purulenta).

II.  Chronic apical periodontitis (Periodontitis chronica).

1.  Chronic fibrous apical periodontitis (Periodontitis chronica fibrosa).
2.  Chronic granulation apical periodontitis (Periodontitis chronica granulans).
3.   Chronic apical granuloma (Periodontitis chronica granulomatosa).

III.  Exacerbative chronic periodontitis (Periodontitis chronica exacerbata).
In Europa and other countries there is another classification. Apical periodontitis is characterized in two ways—acute and chronic, as well as symptomatic and asymptomatic
1. Acute symptomatic apical periodontitis.

2. Acute asymptomatic apical periodontitis.
3. Symptomatic apical abscess
4. Chronic symptomatic apical periodontitis.

5. Chronic asymptomatic apical periodontitis.
6. Asymptomatic apical abscess
CLINICAL FEATURES AND DIAGNOSTIC OF ACUTE APICAL PERIODONTITIS (SYMPTOMATIC APICAL PERIODONTITIS)
Like pulpal inflammation, apical periodontitis as a rule is asymptomatic. When symptoms occur, they may be caused by acute inflammation, but more often are due to an exacerbation of a chronic apical periodontitis.
Acute serous apical periodontitis (Periodontitis asuta serosa, acute symptomatic apical periodontitis). This clinical form develops mainly as complication of pulp inflammation or as a result of inadequate root canal debridement during treatment of pulpitis. Like pulpal inflammation, apical periodontitis as a rule is asymptomatic. When symptoms occur, they may be caused by acute inflammation.
Clinical features. At first the patient complains of weight and tension in a tooth which became as though greater, longer than others. The most dramatic symptom is pain which starts spontaneously, initially mildly, and then gradually increases. The pain is continuous, and may be heavy and grinding. Especially at first it may be difficult or even impossible to differentiate between pulpal and periapical pain. Gradually there is enough great pain of spontaneous character. Pain is permanent, localized, not irradiate, increases at night and is not almost decreased by ordinary analgetics. As a process develops constantly, intensity of pain grows. Pain varies from slight tenderness to excruciating pain on contact of opposing teeth. 

Tenderness of the tooth is usually the patient’s first complaint. The tooth feels high and tender to biting or percussion because edema in the periodontal ligament presses the tooth out of its socket. The edema may also cause abnormal mobility of the tooth, and, over time, tenderness and swelling (collateral edema) in the mucosa over the apex of the tooth. Also, the regional lymph glands may be swollen and tender.
The affected tooth can be intact, that does not eliminate the presence of trauma (for example in the case of the use an orthodontic appliance). More frequent, however, it is caries, with necrotic pulp, perforation of pulp chamber or large restoration. Enamel loses its natural translucency which is characteristic for intact enamel and becomes dark-grey in color. There is hyperemia and oedema in the area of tooth apex, sometimes hyperemia is present in the adjoining areas of gums. Sensitivity to percussion is the principal clinical feature. The reason of such reaction is the inflammation in periodontal space and irritation of nervous receptors of periodontal ligament. Palpation of gingiva in the area of tooth apex (especially frontal teeth) is painful. Regional lymphatic glands are enlarged and painful during palpation.
Test of pulp vitality is negative – more 100 mcA, except of the cases of traumatic damage of periodontium with living pulp. Radiographs show little variation, ranging from normal to a “thickening” of the periodontal ligament space.
Acute serous apical periodontitis is need distinguish (differentiate) from acute diffuse pulpitis, acute purulent apical periodontitis.
The acute purulent (suppurative) apical periodontitis (Periodontitis acuta purulenta, Symptomatic apical abscess) usually develops after serous. Symptomatic apical abscess is an inflammatory process in the periradicular tissues of teeth, accompanied by exudate formation within the lesion. This pathologic process is a diffused inflammation of the periodontal ligament in the apical region. The principal causes are irritants diffusing from an inflamed or necrotic pulp. Egress of irritants such as bacteria, bacterial toxins, disinfecting medications (arsenic preparations), and debris pushed into the periradicular tissues, impact trauma or physical irritation of the periapical tissues can cause acute purulent apical periodontitis.
If the acute episode or exacerbation is severe, a purulent breakdown of the periapical tissues may occur. The pain is strong and intense as long as the pus is enclosed in the periodontium and bone, and the very strongest when the exudates is located subperiostally because of the rich innervation of the periosteum. Teeth with acute apical periodontitis are usually symptomatic and painful to bite and percussion, which results from mechanical allodynia and hyperalgesia. Pain is induced by sensitization and activation of nociceptive sensory nerve fibers by inflammatory mediators, proinflammatory cytokines, nerve growth factor, and pressure. Sprouting of sensory nerve fibers in inflamed periapical tissues could also increase receptive field size in teeth with apical periodontitis.
Sensitivity to percussion is the principal clinical feature of acute purulent apical periodontitis. Pain is pathognomonic and varies from slight tenderness to excruciating pain on contact of opposing teeth. Depending on the cause (pulpitis or necrosis), the involved tooth may or may not respond to vitality tests. Regardless of the causative agents, acute purulent apical periodontitis is associated with the exudation of plasma and emigration of inflammatory cells from the blood vessels into the periradicular tissues. The release of mediators of inflammation causes breakdown of the periodontal ligament and resorption of the alveolar bone. A minor physical injury, such as penetrating the periradicular tissues with an endodontic file, may cause a transient inflammatory response. However, a major injury, causing extensive tissue destruction and cell death, can result in massive inflammatory infiltration of the periradicular tissues. Although the dynamics of these inflammatory lesions are poorly understood, the consequences depend on the type of irritant (bacterial or nonbacterial), degree of irritation, and host defensive mechanisms. The release of chemical mediators of inflammation and their action on the nerve fibers in the periradicular tissues partially explain the presence of pain during acute purulent apical periodontitis. Also, since there is little room for expansion of the periodontal ligament, increased interstitial tissue pressure can also cause physical pressure on the nerve endings, causing an intense, throbbing, periradicular pain. Increased pressure may be more important than the release of the inflammatory mediators in causing periradicular pain. The effect of fluid pressure on pain is dramatically demonstrated on opening into an unanaesthetized tooth with this condition. The release of even a small amount of fluid provides the patient with immediate and welcome relief. If the periapical purulent exudate can be evacuated through the root canal (or through incision and drainage when indicated) during root canal therapy, the patient usually experiences an immediate relief of acute pain. Radiographs show little variation, ranging from normal to a “thickening” of the periodontal ligament space in teeth associated with acute purulent apical periodontitis.
The affected tooth can be intact, may be changed in color, sometimes there is a large carious cavity or restoration. The pulp chamber in most cases is not perforated. The tooth may not respond to vitality tests — 120-150 mcA, that means pulp necrosis. In root canals revealed gangrenous disintegration of pulp tissue, quite often under pressure pus goes out. Horizontal and vertical percussion of tooth is very sensitive. There is tooth mobility in mesial, distal and vertical directions.
Clinically, teeth with acute apical abscess formation usually have symptoms such as pain to biting and percussion. The periapical area of the involved tooth may be very tender to palpation. Intraoral or extraoral swelling is often present. Because of a sudden outpouring of suppurative exudate in the periapical area, tissue pressure increases such that mechanical stimuli are capable of activating terminals of nociceptive neurons in the inflamed periapical tissues. The severe pain of an acute apical abscess can be due to activation of nociceptors by inflammatory mediators and sensitization to mechanical stimuli due to increased interstitial pressures.

The swelling is most often due to edema of the loose connective tissues of the maxillofacial region. There is significant oedema of the soft tissues of the face (lips, cheek), especially on the site of affected tooth. There is hyperemia and oedema in the area of tooth apex, sometimes hyperemia is present in the adjoining areas of gums. In some cases the periosteal abscess may develop. At presence of significant oedema it is necessary to differentiate with a phlegmon. In some case pus that was gathered in periodontal space can be outpoured through the root canal of tooth. Also pus may penetrate into the bone tissue of the jaws and limited osteomyelitis develops on such conditions. It is the especially unfavorable variant of pus outlet which results in heavy complications. The toxins and inflammation mediators may penetrate into regional lymphatic glands, which enlarges and becomes painful during palpation.

Unlike acute serous apical periodontitis the acute purulent forms of the illness more frequent is accompanied by general symptoms. Common violations are observed in the case of formation of subperiostal abscess, with high body temperature (fever of 38-39º С), headache, dizziness, weakness.
Symptomatic apical abscess may occur without any obvious radiographic signs of pathosis. Radiographic examination usually does not show periapical bone destruction of involved tooth in acute apical periodontitis, although occasional slight widening of the apical periodontal ligament space and loss of the apical lamina dura of the involved tooth may be present.

The acute purulent apical periodontitis is need distinguish (differentiate) from acute serous apical periodontitits, exacerbative chronic periodontitits, acute periostitits, acute osteomyelitits.
Histopathology
The acute immune-inflammatory response is practically immutable in all vascularized living tissues, largely due to the programmed actions of the innate immune system. Initially, blood vessels are engorged by a local infiltration of inflammatory cells, mainly activated neutrophilic leukocytes and some macrophages in the apical periodontal ligament of the infected/inflamed root canal. In addition, sprouting of sensory nerve fibers has been shown early in the inflamed periapical tissues.

In primary acute apical periodontitis, apical bone destruction is usually not observed radiographically because the duration of acute response is short, and activated neutrophilic leukocytes and macrophages are not able to resorb bone. Only osteoclasts are capable of resorbing bone, and they have to differentiate from the monocyte/macrophage cell lineage in the blood circulation. However, periapical inflammatory cell infiltration increases osteoclast numbers, and that bone destruction was apparent well in advance of total pulpal necrosis. Bacteria are usually not present in acute apical periodontitis lesions.

Traditionally, asymptomatic chronic apical periodontitis and periapical granuloma are terms used interchangeably. A granuloma is a focal area of granulomatous inflammation, which is a histological term for a chronic inflammatory reaction.
CLINICAL FEATURES AND DIAGNOSTIC OF CHRONIC APICAL PERIODONTITIS (ASYMPTOMATIC APICAL PERIODONTITIS)
If pathogens in the root canal are not eliminated, the symptomatic apical periodontitis may progress to become an asymptomatic apical periodontitis. Asymptomatic apical periodontitis is characterized by the persistence of inflammatory stimuli, adaptation of the host’s response to stimuli, presence of adaptive immune responses, and initiation of the repair process.
Chronic fibrous apical periodontitis (Periodontitis chronica fibrosa). Chronic fibrous apical periodontitis is asymptomatic apical periodontitis and may be preceded by acute serous apical periodontitits or by an apical abscess. However, the lesion frequently develops and enlarges without any subjective signs and symptoms. Inadequate root canal treatment may also cause the development of these lesions. Generally, a necrotic pulp gradually releases noxious agents with low-grade pathogenicityor in low concentration that results in the development of chronic apical periodontitis. This pathosis is a long-standing, “smouldering” lesion and is usually accompanied by radiographically visible periradicular bone resorption. This condition is almost invariably a sequela to pulp necrosis.
The clinical features of chronic fibrous apical periodontitis are unremarkable. The patient usually reports no significant pain, and tests reveal little or no pain on percussion. If apical periodontitits perforates the cortical plate of the bone, however, palpation of superimposed tissues may cause discomfort. The associated tooth has a necrotic pulp and therefore should not respond to electrical or thermal stimuli.

The affected tooth may be caries or devital (pulpless tooth, tooth from which pulp was removed or replaced with filling material). Palpation of surrounded gingiva in the area of apex is painless. Sometimes chronic fibrous periodontitis can be in patients with intact teeth. In such cases fibrous periodontitis develops as a result of chronic trauma or traumatic occlusion.
Radiographic findings are the diagnostic key (Fig. 78). Chronic fibrous apical periodontitis (asymptomatic apical periodontitis)is usually associated with periradicular radiolucent changes. These changes range from irregular thickening of the periodontal ligament to its hypercementosis.
The chronic granulation apical periodontitis (periodontitis chronica granulans, asymptomatic apical abscess). Its prevalence makes 65 70 % among all cases of chronic apical periodontitis.
When this form of chronic apical periodontitits develops bone and periodontal ligament can be replaced by inflammatory granulation tissue. This process is associated with formation of new vessels, fibroblasts, and sparse, immature connective tissue fibers. As long as egress of irritants from the root canal system to the periradicular tissues continues or macrophages fail to eliminate the materials they have phagocytised, destructive as well as healing processes will occur simultaneously in apical lesions. The extent of the lesion depends on the potency of the irritants within the root canal system and the activity level of defensive factors in this region. If a balance between these forces is maintained, the lesion continues in an asymptomatic manner indefinitely. On the other hand, if the causative factors overcome the defensive elements, a symptomatic periradicular lesion may be superimposed.
Patients feel some sickliness during chewing and pressure. The affected tooth may be intact, caries or devital (pulpless tooth). As usual tooth is changed in color (gray or, even, dark gray). Tooth may be slightly sensitive under vertical percussion. The pathologic tooth mobility may be different depending on the degree of destruction of alveolar bone. There is some chronic hyperemia of gingiva in the area of the root apex. I.G. Lukomskiy (1955) described the characteristic for chronic granulation apical periodontitis symptom of vasoparesis, that is observed in the case of pressure on oedematic gums. After pressure on such gums by shallow blunt instrument (by the head of shtopfera) remain pale depression, which quickly changes by a bright red color, which continuing during few minutes (as a result of paresis of vessels of gums). Palpation in the area of tooth apex depending on the stage of process is accompanied by the more or less expressed pain.

This form of apical periodontitis also referred to as suppurative apical periodontitis, is associated with a gradual egress of irritants from the root canal system into the periradicular tissues and formation of an exudate. The quantity of irritants, their potency, and their host resistance are all important factors in determining the quantity of exudate formation and the clinical signs and symptoms of the lesion. Asymptomatic apical abscesses associated with either a continuously or intermittently draining sinus tract. This is visually evident as a stoma on the oral mucosa or occasionally as a fistula on the skin of the face. The exudate can also drain through the gingival sulcus of the involved tooth.
As a result of granulation tissue growing on the gingival or the skin at the tooth apex area can forming the fistula. After pressure the drop of pus is outpoured from fistula. Sometimes in the area of fistula it is possible to see one or a few scars. This form of chronic apical periodontitis may exacerbate with developing clinical feature resembling acute apical periodontitis.

Radiographic findings are expressed irregular thickening of the periodontal space, destruction of compact cortical plate of alveolar bone with developing large radiolucent area in periradicular tissue (Fig. 79).
In the case of successful medical treatment of apical periodontitis through 4-8 months a periradicular defect begins to diminish, and on its periphery a new bone tissue is formed.

The chronic granulation apical periodontitis can be easily differentiated from chronic fibrous apical periodontitis, chronic apical granuloma.
Chronic apical granuloma (periodontitis chronica granulomatosa, asymptomatic apical periodontitis). It is the limited inflammation of periodontal ligament with formation of round form lesion. This condition is almost invariably a sequela to pulp necrosis. The lesion frequently develops and enlarges without any subjective signs and symptoms.
The clinical features of chronic apical granuloma are unremarkable. The patient usually reports no significant pain, and tests reveal little or no pain on percussion. Palpation of superimposed tissues may not cause discomfort. The affected tooth has a necrotic pulp and therefore should not respond to electrical or thermal stimuli. The tooth is changed in color, can be intact or with restoration. Vertical percussion is often painless. However a percussion of affected tooth in comparative with neighbouring teeth may be more sensitive. The gingiva in the tooth apex area has not changed in color and painless during palpation.
Radiographic findings are the diagnostic key. Asymptomatic apical periodontitis is usually associated with periradicular radiolucent changes. These changes range from thickening of the periodontal ligament and resorption of the lamina dura to destruction of apical bone resulting in a well-demarcated radiolucency. Radiographic findings are expressed periradicular limited round radiolucent area (Fig. 80). There is thickening of bone tissue surround the radiolucent area as a result of its sclerotic changes.
Histologically, the periradicular granuloma consists predominantly of granulation inflammatory tissue with many small capillaries, fibroblasts, numerous connective tissue fibers, inflammatory infiltrate, and usually a connective tissue capsule. This tissue, replacing the periodontal ligament, apical bone, and sometimes the root cementum and dentin, is infiltrated by plasma cells, lymphocytes, mononuclear phagocytes, and occasional neutrophils. ). A key feature of asymptomatic apical periodontitis is a proliferation of fibrovascular granulation tissue that is an attempt to prevent further spread of infection/inflammation and to repair wounded periapical tissues.
The chronic apical granuloma needs to be differentiated from another chronic apical periodontitis (fibrous, granulation) chronic apical granuloma. 
EXACERBATIVE CHRONIC PERIODONTITIS (Symptomatic Apical Abscess)
A sudden egress of bacterial irritants into the periradicular tissues can precipitate a chronic apical periodontitis and its more severe sequelae exacerbative chronic apical periodontitits. The clinical and histopathological features of these conditions appear to be related to both the concentration and toxicity of the irritant or the local proliferation of invading organisms with their destructive activities. Chemical or bacterial irritation of the periradicular tissues through immunologic or non-immunologic reactions can cause release of biologic substances similar to those involved in acute apical periodontitits and produce the same microvascular changes.
Exacerbation of inflammation can developes regardless of different form of chronic apical periodontitis, but more frequent in granulation periodontitis and rarer — fibrous periodontitits. The exacerbative chronic apical periodontitis is observed far more frequent from acute. Its clinical features are similar to symptoms of acute apical periodontitis. The peculiarity of exacerbative chronic apical periodontitis clinical features consists of in presence destruction both of periodontal ligament and periradicular bone. Therefore is characteristic in anamnesis revealed not only the repeated exacerbation with pain, swelling, general indisposition, but also very quickly development of inflammation with fistulas formation. All symptoms — pain, swelling, reaction of lymphatic glands and others — turn out in the same sequence, as well as in the case of acute apical periodontitis. Its acuteness and severity, however, considerably diminish thanks to the presence of fistula. Pain during pressure and mastication is less intensive, than in patients with acute purulent apical periodontitis.
The patient may or may not have swelling. When present, the swelling may be localized or diffuse. Clinical examination of a tooth with exacerbative chronic apical periodontitis shows varying degrees of sensitivity to percussion and palpation. The tooth may be intact, caries or with restoration. There is no pulp reaction to cold, heat, or electrical stimuli as the involved tooth have a necrotic pulp. The tooth is very sensitive to vertical and horizontal percussion. May develops pathologic mobility of affected tooth.
There is significant oedema of the soft tissues of the face (lips, cheek), especially on the site of affected tooth. There is hyperemia and oedema in the area of tooth apex, sometimes hyperemia is present in the adjoining areas of gums. In some cases the periosteal abscess may develop. The regional lymphatic glands enlarge and become painful during palpation.
Spread of inflammatory response into the cancellous bone results in apical bone resorption. Since inflammation is not confined to the periodontal ligament but has spread to the bone, the patient now has an acute osteitis. These patients are in pain and may have systemic symptoms such as fever and increased white blood cell count. Because of the pressure from the accumulation of exudate within the confining tissues, the pain can be severe. Spread of the lesion toward a surface, erosion of cortical bone, and extension of the abscess through the periosteum and into the soft tissues is ordinarily accompanied by swelling and some relief. Commonly, the swelling remains localized, but it also may become diffuse and spread widely (cellulitis). The extent of swelling reflects the amount and nature of the irritant egressing from the root canal system, the virulence and incubation period of the involved bacteria, and the host’s resistance. The location of the swelling is determined by the relation of the apex of the involved tooth to adjacent muscle attachments.

Radiographic findings are similar to different forms of chronic apical periodontitis (fibrous, granulation, granuloma).
The exacerbative chronic apical periodontitis is need distinguish (differentiate) from acute apical periodontitits (serous or purulent), acute periostitits, acute osteomyelitits.
Differential diagnostic of apical periodontitits.
Differential diagnostic of acute apical periodontitis
· Acute pulpitis

· Exacerbative chronic apical periodontitis

· The purulent periradicular cyst

· Acute odontogenic periostitis

· Acute odontogenic osteomyelitis

· Abscesses and phlegmon of maxillofacial region

· Pericoronitis

· Acute sinusitis

· Alveolitis

· Chronic lip lymphedema

· Quincke’s edema

· Melkersson-Rosenthal syndrome

· Periodontal abscess

· Cancer of maxilla

· Trigeminal neuralgia

· Leukemic  infiltrates
Differential diagnostic of chronic apical periodontitis
· Chronic middle caries

· Chronic pulpitis

· Chronic osteomyelitis

· Chronic migratory facial granuloma

· Periradicular cyst

· Chronic sinusitis

· Cancer of maxilla
There are other lesions of non-pulpal origin that may be misdiagnosed as endodontic lesions: carcinoma and sarcoma, ossifying fibroma, cementoblastoma, central giant cell granuloma, nasopalatine duct cyst, enostosis, central ossifying fibroma, and ameloblastoma. Errors in diagnosis can be both health and life threatening.
APICAL PERIODONTITIS AND SYSTEMIC DISEASES
Apical periodontitis was once considered a focus of infection, and the microorganisms from the focus could disseminate through blood circulation to remote parts of the body, where secondary disease occurred. Even though bacteremias do occur during root canal treatment of teeth with apical periodontitis when instrumentation is carried through the apical foramen into the periapical tissues, the incidence and magnitude of bacteremias is not clinically significant for a healthy person and in fact appears to be lower than that observed by flossing. Microorganisms in the blood circulation are rapidly eliminated by the host’s humoral and cellular defence components within minutes. However, bacteremia may pose a potential danger to immunocompromised patients or patients with congenital heart valve disease. There is correlation between apical periodontitis and coronal heart disease and rheumatoid arthritis. There is sufficient evidence to support that apical periodontitis could serve as a focus of infection and cause significant systemic diseases.
Systemic Effects of Asymptomatic Apical Periodontitis. When the serum concentrations of circulating immune complexes (immunoglobulins G, M, and E) and the C3 complement component of patients with large periradicular lesions were measured and compared with those of patients with no lesions, investigators found no statistical difference between the two groups and concluded that asymptomatic periradicular lesions cannot act as a focus to cause systemic diseases via immune complexes. However, when the same components were measured in patients with symptomatic apical abscesses (SAAs), they found a statistically significant difference between the levels of immune complexes, IgG and IgM, and the C3 complement component between the two groups. In addition, significant differences were also noted in the mean levels of concentration of immune complexes, IgG, IgM, and IgE, and the C3 complement component of these patients before and after root canal therapy or extraction of involved teeth. On the basis of this study, it appears that symptomatic periradicular lesions may lead to measurable systemic immunologic reactions.
TREATMENT OF APICAL PERIODONTITIS
The methods of apical periodontitis treatment may be divided into 4 groups (Table 1):

1)  conservative — is directed on saving of anatomic and functional value of affected tooth;

2)  conservative-surgical — is directed on saving of basic functions of tooth. Foresees removing of part of root or periradicular tissues, destroyed by a pathological process, which is not subject to conservative treatment;

3)  surgical — removing of affected tooth (extraction) and pathologically changed alveolar bone;

4)  physical.
Conservative treatment of periodontitis is conducted with the purpose of removal of source of periodontal ligament contamination (the pathologically changed tissues of pulp, dentine, microflora of root canal and dentinal tubules) by careful instrumentation, medical treatment of root canals and their obturation. Removal of the source of infection should allow the inflammation of periodontal ligament to subside and symptoms to dissipate. These stimulate the regeneration of damaged periodontal ligament and periradicular tissues (Table 17).
Table 17. Methods of apical periodontitis treatment 
	Methods of treatment
	Stages of treatment

	Conservative method
	One appointment

Two appointments

Three and more appointments

	Conservative-surgical method
	Apical resection (root-end resection)

Root amputation.

Tooth hemisection (tooth resection).

	Surgical method
	Tooth extraction and removing of pathologically changed periradicular tissues

	Physical methods
	Electrophoresis, depotphoresis copper-calcium hydroxide and others.


The indications for conservative methods of apical periodontitis treatment are acute and chronic apical periodontitis with negotiating fine root canals.
Indications for conservative treatment:
1. Acute and chronic apical periodontitis one-rooted teeth (with good negotiate canals) and absence of significant changes in periradicular tissues.

2. Acute and chronic apical periodontitis multi-rooted teeth (with good negotiate palatinal canals of upper teeth and distal canals of lower teeth) and absence of significant changes in periradicular tissues.
Relative indications for conservative treatment:
1. Acute and chronic apical periodontitis with significant changes in periradicular tissues (apical granuloma, cyst).

2. Acute and chronic apical periodontitis with perforation of the root or pulp chamber.

3. Significant destruction of tooth crown.

4. Apical cysts of significant size.

5. Acute and chronic apical periodontitis with ineffectiveness conservative treatment.

6. Absence of regeneration periradicular tissue after conservative treatment.
The ineffectiveness of conservative treatment method is the indications for conservative-surgical and surgical methods of apical periodontitis treatment and namely:

- the affected tooth is the etiologic factor of acute septic condition, chronic infection and intoxication of organism;
- complete destruction of tooth crown when its restoration is impossible;
- large root or furcation perforations.
Indications for extraction of teeth affected apical periodontitits:
1. A tooth became the causative factor of acute odontogenic inflammation of maxillofacial region.

2. Permanent exacerbation of chronic apical periodontitis, even after conducted full conservative treatment.

3. Alveolar bone resorption of the II-III degree with deep bone pockets.

4. Anatomic features of tooth root structure which make impossible conservative or surgical-conservative treatment.

5. Chronic systemic diseases in case when tooth with chronic apical periodontitis may be the source of chronic organism intoxication.
During choosing the treatment methods dentists must take in account the next:
1. Patientʼs anamnesis disease (medical and dental history) and vitae data. 

2. Clinical and radiographic features of apical periodontitits.

3. Anatomic features of affected tooth and its location. 
The main tasks of conservative treatment:
1. Pain elimination.

2. Drainage of periodontal space. 

3. Conduction of medicinal (antibacterial and antiinflammatory) treatment of root canals.

4. Stopping further inflammatory process into periradicular tissues.

5. Restoration of anatomical form and function of the teeth.
CONSERVATIVE METHOD OF APICAL PERIODONTITIS TREATMENT
Treatment of acute and exacerbative chronic apical periodontitis. One of the main goals of treatment acute and exacerbative chronic apical periodontitis is the most rapid resolution of inflammatory process in periradicular tissues, control of pain and prevention of further spreading of inflammatory process.

Treatment of apical periodontitis foresees action on a root canal, microcanals and periradicular source of inflammation. Treatment tactic depends of apical periodontitis etiology, inflammatory process course and patient general condition.
Treatment of acute infectious apical periodontitis. The acute infectious apical periodontitis has the very short phase of intoxication, however strongly expressed exudation, that develops enough quickly. Exudate formed in periodontal space and periradicular tissues can spread into adjoining tissues in various ways: through a root canal, through the alveolar bone of jaw under a periosteum from a vestibular or lingual (palatal) side. The main goals in of acute infectious apical periodontitis (both serous and purulent) treatment are: pain reducing, performing the drainage for releasing purulence (exudates), conducting of antimicrobial and antibacterial treatment, cessation of spreading of inflammation into periradicular tissues, regeneration of periodontal ligament and periradicular tissues with restoration of tooth anatomic form and functions.
The conservative treatment of acute apical periodontitis consists of row of stages and is conducted in a few visits (appointments).
At the first appointment (visit) such stages of medical treatment are conducted:
1. Thoroughly cleansing the oral cavity with antiseptic solutions. Patients with acute periodontitis had a bad level of oral hygiene with great amount of soft tooth deposits. Before beginning of medical treatment it is necessary to remove these soft tooth deposits for more effective periodontitis treatment.

2. Anaesthetization. Local anaesthesia of the involved tooth or area may be necessary. Special problems of anaesthesia also may arise, particularly with the inflammatory changes of soft tissues around an affected tooth, presence of abscess. At these conditions preferable is block anaesthesia (inferior alveolar nerve block, mandibular nerve block, posterior superior alveolar block and so on).
3. Preparation of caries cavity namely preparation access to pulp chamber and root canals. During total endodontic cavity preparation, coronal and radicular the dentist must taking into account crown and canal anatomy, length of the root, placement the canal orifices. In endodontic cavity preparations of all teeth, enough tooth structure must be removed to allow instruments to be placed easily into the orifice of each canal without interference from overhanging walls - unobstructed access to the canal orifice.
4. Root canal preparation. At this stage it is imperative that the necrotic pulp tissue be completely removed from the pulp chamber and root canal system. It is preferable to remove as much necrotic tissue as possible in order to obtain a speedy resolution of the symptoms. Root canal preparation has two objectives: thorough debridement of the root canal system and the specific shaping of the root canal preparation to receive a specific type of filling. At this stage dentist perform only cleaning and debridement of the root canal. 
The first objective is achieved by skilful instrumentation coupled with liberal irrigation. This double-pronged attack will eliminate most of the bacterial contaminants of the canal as well as the necrotic debris and dentin. In addition to debridement, remaining bacteria have long been controlled by intracanal medication. Along with repeated irrigation, the debriding instruments must be constantly cleaned.
Antibacterial agents such as calcium hydroxide are recommended for use in the root canal between appointments. While recognizing the fact that most irrigating agents destroy significant numbers of bacteria during canal debridement, it is still thought good form to further attempt canal sterilization between appointments.
A wide variety of irrigating agents are available. Sodium hypochlorite is one of the most widely used irrigating solutions. Sodium hypochlorite is an effective antimicrobial agent, serves as a lubricant during instrumentation, and dissolves vital and nonvital tissue. It was found that 5.25%, 2.5%, and 1.0% solutions of sodium hypochlorite completely removed pulpal remnants and predentin from uninstrumented surfaces of single-canal premolars. The efficacy of sodium hypochlorite, as an antibacterial agent, is increased when it is used in combination with other solutions, such as calcium hydroxide, EDTAC, or chlorhexidine.
Chlorhexidine gluconate in 1% solution is an effective antimicrobial agent and use as an endodontic irrigant. Hydrogen peroxide (3%) alone also effectively “bubbles” out debris and mildly disinfects the canal. It was shown that using equal amounts of 3% hydrogen peroxide and 5.25% sodium hypochlorite inhibited the antibacterial action of the irrigants.

Regardless of the delivery system, the solution must be introduced slowly and the needle never wedged in the canal.

After cleaning the root canal the dentist reaches the tooth apex and apical foramen. Once the tooth is opened for treatment, drainage is obtained throughout the canal and access opening. The apical foramen was opened by file or reamer by appropriate size. This manipulation must be conducted especially carefully, that not to injure the periradicular tissues. If all made correct then the serous or purulent liquid would appear in root canal. If the pulp chamber is opened but no drainage is obtained from the canal the procedure opening apical foramen repeated.

Warm saline or antiseptic rinses are suggested for approximately 24-48 hours after the drainage procedure.

In case when no drainage through tooth is obtained and abscess under periosteum persist, the drainage can be performed by incision using local anaesthesia.
In the case of acute serous apical periodontitis after thorough irrigation the medicament such as calcium hydroxide (antiseptics, sorbents, enzymes and so on) is placed long with a cotton pellet and temporary filling is placed.
At the second appointment (visit) the choice of method of subsequent treatment depend of the complaints of patient and results of tooth objective investigation: percussion, palpation, presence of exudate.

When patient had no complaint, the tooth reaction on percussion, palpation is painless, the exudate is absent or its amount is little the dentist may continued the treatment.
At the second appointment (visit) such stages of medical treatment are conducted:
5. Removing the temporary filling.
6. Thorough finally preparation of caries cavity (tooth).
7. Root canal preparation. At this stage preparation performed in full volume, including canal negotiation, canal shaping, and, finally, apical preparation.
8. Obturation of root canal. Radiographic study is needed for assessment of quality root canal filling.
9. Placing temporary or the final restoration (composites, amalgam, inlay, artificial crown) after an intraorifice barrier is placed.
These stages are more detailed considered in a method of chronic apical periodontitis treatment. As usual for acute serous apical treatment are needed two appointments.
Sometimes a patient had no complaints, but during the investigation revealed varying degrees of sensitivity to percussion and palpation, in a root canal there are some amount of serous exudates. In such cases after preparation of carious cavity and pulp chamber, performed thoroughly root canal preparation. Into canal placed cotton pellet with solution of antiseptic, enzyme emulsion, sorbents and so on and temporary filling is placed. Such treatment stages also performed in case of exacerbation inflammatory process in period between two appointments of patients (when patient need to remove temporary filling because of pain arising).
Treatment of acute purulent apical periodontitis. The main principle of treatment acute purulent apical periodontitis is ensuring the pus evacuation from periodontal space by means of drainage of periodontal space through the tooth (root canal). This aim reached at first patient appointment performing such treatment stages:
1. Thoroughly cleansing the oral cavity with antiseptic solutions.

2. Anaesthetization.

3. Preparation of caries cavity.
4. Root canal preparation. At this stage it is imperative that the necrotic pulp tissue be completely removed from the pulp chamber and root canal system. Preferable to remove as much necrotic tissue as possible in order to obtain a speedy resolution of the symptoms. After cleaning the root canal the dentist reaches the tooth apex and apical foramen. Once the tooth is opened for treatment, drainage is obtained throughout the canal and access opening. The apical foramen was opened by file or reamer by appropriate size. This manipulation must be conducted especially carefully, that not to injure the periradicular tissues. As all made correct the serous or purulent liquid would appeared in root canal. If the pulp chamber is opened but no drainage is obtained from the canal the procedure opening apical foramen repeated.
After removing all necrotic tissue the root canal irrigate with antiseptic solution (1.0% solutions of sodium hypochlorite, 3% hydrogen peroxide, and 1% chlorhexidine gluconate). For chemomechanical debridement may be used many different medicaments (Table 18), calcium hydroxide preparations (Table 19). Calcium hydroxide have a very base reaction – pH=12,5. It has antibacterial, antiinflammatory action, stimulate dentin remineralization and secondary dentin formation. Calcium hydroxide contains in many different medicament forms: powder, liquids and pastes. In pastes calcium hydroxide combined with antibacterial drugs, sulfonamides, corticosteroids.
Proteolytic enzymes act on necrotic tissues and don’t damage the healthy tissues. They solved of exudates improving the drainage of periodontal space and intensify the action of antibiotics. These enzymes had antiinflammatory and antiedematous action, stimulated of tissue reparation, destroyed the bacterial toxins. It is widely use such proteolytic enzymes preparations: trypsin, chemotrypsin, pronase, terrilytin and others.

Sorbents ensured elimination of toxic metabolites, microorganisms and bacterial toxins from the root canals and periodontal space. They prolongated of medicaments action and ensured detoxication in the inflammatory source.

Table 18

MEDICAMENTS, USED FOR CHEMOMECHANICAL DEBRIDGEMENT
1. ANTISEPTICS (chlorhexidine, iodine, iodinolum, aetonium, eugenol).
2. АNTIBIOTICS (neomycin sulfate, polymyxin М sulfate, monomycine et al.).
3. SULPHONAMIDES (bactrim, sulphodimezine, sulphadimetoxin et al.).
4. NITROFURANES (furazillinum, furazolidone, furaginum et al.).
5. ANTIINFLAMMATION (corticosteroids and non corticosteroids ).
6. CALCIUM PREPARATIONS (calcium hydroxide preparations).
7. BIOLOGICAL ACTION (proteolytic enzymes, phytopreparates  et al.).
Table 19. CALCIUM HYDROXIDE PREPARATIONS FOR TEMPORARY PLACEMENT INTO ROOT CANALS
	Preparation
	Manufacturer

	Calcium hydroxidum
	Septodont, Pulpdent

	Calasept
	Nordisca

	Calasept  RO
	Nordisca

	Calxyl
	OCO Praparate Gmbh

	Calxyl  x- ray visible
	OCO Praparate Gmbh

	Supracal
	R&S

	Calcicur
	VOCO

	UltraCal
	Ultradent

	Calci-Jen
	Jendental

	TempСanal
	Pulpdent


Usually the tooth left open to drain and warm saline or antiseptic rinses are suggested for approximately 24-48 hours after the drainage procedure. When abscess under periosteum persist, the drainage can be performed by incision using local anaesthesia.

When treatment measures were performed correct the symptoms of inflammation subside in 2-3 days and dentist may continue the treatment.
At the second appointment (visit) such stages of treatment are conducted:
5. Thorough finally preparation of caries cavity (tooth).
6. Root canal preparation. At this stage preparation performed in full volume, including canal negotiation, canal shaping, and, finally, apical preparation. After preparation completing the medicament such as calcium hydroxide (antiseptics, sorbents, enzymes and so on) is placed with a cotton pellet and temporary filling is placed in caries cavity.
In few days in absence of pain and other symptoms of inflammation at the third appointment (visit) such stages of medical treatment are conducted:
7. Removing the temporary filling.
8. Root canal preparation, mainly irrigation and drying.

9. Obturation of root canal. Radiographic study is needed for assessment of quality root canal filling.
10. Placing temporary or the final restoration (composites, amalgam, inlay, artificial crown) after an intraorifice barrier is placed.
As usual for acute purulent apical treatment are needed three appointments.
Treatment of acute toxic apical periodontitis does not principally differ from treatment of acute serous apical periodontitis. Success of treatment depends of the quickest removal of toxic inflammation etiologic factor, removing of all necrotic tissues or toxic substances from a root canal and periodontal space. After thoroughly cleansing of root canal in it placed antidotal or antiinflammatory medicaments and temporary filling is placed.
Frequently for treatment of the periodontal ligament inflammation caused by application of devitalizing pastes (arsenic preparations), the following stages are conducted:
1.  Removing the devitalizing pastes.

2.  Total pulpectomy (extirpation of the pulp).
3. Root canal preparation. At this stage the specific antidotal solutions such as 5 % unitiol solution, 1% sodium tiosulphate solution that contain sulfur hydrate groups are used for root canal irrigation. The root canal thoroughly irrigates by these solutions and then it placed in root canal with cotton pellet. The caries cavity temporary filling is placed. It is possible medicament introduction in canal and periradicular tissues by means of electrophoresis.
At the second appointment (visit) after the disappearance of inflammation symptoms (pain, exudation) then the stages of medical treatment are conducted:

4. Root canal preparation with plenty irrigation with antiseptic solutions (5% iodine solution, 1% iodinolum solution). After irrigation the root canal dried.
5. Obturation of root canal. Radiographic study is needed for assessment of quality root canal filling.

6. Placing temporary or the final restoration (composites, amalgam, inlay, artificial crown).
Treatment of acute traumatic apical periodontitis. This form of acute apical periodontitis develops as a result of mishaps and complications of pulpitis treatment, formation of haematoma during pulp extirpation, action of formalin containing sealers, perforations of root and so on. In such clinical cases when root canal obturated completely are used physical methods: electrophoresis 1 % potassium iodide solution, 10 % calcium chloride solution, USW-therapy (ultra-short-waves therapy), laser radiation and so on. When after 5-6 visits of medical treatment, pain do not subside and even grows, it would necessary retreatment of root canal similar the method of acute infectious apical periodontitis treatment.
Treatment of exacerbative chronic apical periodontitis includes 2 main methods — treatment of acute apical periodontitis and treatment of chronic apical periodontitis.
At the first appointment (visit) such stages of medical treatment are conducted:
1. Thoroughly cleansing the oral cavity with antiseptic solutions.

2. Anaesthetization.

3. Preparation of caries cavity.
4. Root canal preparation. After cleaning the root canal the dentist reaches the tooth apex and apical foramen. Once the tooth is opened for treatment, drainage is obtained throughout the canal and access opening. Usually the tooth left open to drain and warm saline or antiseptic rinses are suggested for approximately 24-48 hours after the drainage procedure.
At the second appointment (visit) such stages of medical treatment are conducted:
5. Thorough finally preparation of caries cavity (tooth).
6. Root canal preparation. After preparation completing the medicament such as calcium hydroxide (antiseptics, sorbents, enzymes and so on) is placed long with a cotton pellet and temporary filling is placed.
At the third appointment (visit) such stages of medical treatment are conducted:
7. Removing the temporary filling.
8. Root canal preparation, mainly irrigation and drying.

9. Obturation of root canal. Radiographic study is needed for assessment of quality root canal filling.
10. Placing temporary or the final restoration (composites, amalgam, inlay, artificial crown) after an intraorifice barrier is placed.
General (systemic) treatment. Acute or exacerbative chronic inflammation frequently accompanied general complaints (disorders) of organism: weakness, headache, subfebrile temperature ets. These pathologic changes need in some general treatment. As usual prescribed analgetics, antibiotics, sulfonamides, antiinflammatory, and antihistamine drugs (Table 20).
Prophylactic antibiotic coverage may be indicated for medically compromised patients requiring endodontic treatment. The American Heart Association (AHA) has made major changes in their updated recommendations. Their guidelines are meant to aid practitioners but are not intended as the standard of care or as a substitute for clinical judgment. The incidence of endocarditis following most procedures on patients with underlying cardiac disease is low. A reasonable approach for prescribing prophylactic antibiotics considers the degree to which the underlying disease creates a risk for endocarditis, the apparent risk for producing a bacteraemia, adverse reactions to the prophylactic antibiotic, and the cost-benefit aspect of the regimen.

The incidence of bacteraemia has been shown to be low during root canal therapy; however, a transient bacteraemia can result from the extrusion of the microorganisms infecting the root canal beyond the apex of the tooth. In addition, care must be taken when positioning rubber dam clamps and accomplishing other dental procedures that may produce bleeding with an accompanying bacteremia. Medically compromised dental patients who are at risk of infection should receive a regimen of antibiotics that either follows the recommendations of the AHA or an alternate regimen determined in consultation with the patients’ physicians. It is believed that the antibiotics amoxicillin, ampicillin, and penicillin V are equally effective against alpha-haemolytic streptococci; however, amoxicillin is recommended because it is better absorbed from the gastrointestinal tract and provides higher and more sustained serum levels. 
Table 20. The preparations for general treatment of acute or exacerbative chroni capical periodontitis

	Class
	Preparation

	ANALGETICS
	Ketorolac (ketanov, ketolong, ketalginum)

	ANTIINFLAMMATORY
	Mefenamic acid, Pyroxicam, Diclofenac, Nimesulide

	ANTIBIOTICS
	Amoxycillin, Ampicillin, Cloxacillin, Cephalexin, Lincomycin, Clindamycin, Melbek

	ANTIHISTAMINES
	Diazolinum (mebhydrolin), Loratadin, Clemastine, Cetrin (cetirizine), Ketotifen, Telfast (fexofenadine)


CHRONIC APICAL PERIODONTITITS TREATMENT
Treatment of chronic apical periodontitis. The main goals of treatment are: elimination the source of periodontal ligament contamination, further suppression pathologic microflora of root canals and its diverse ramifications; ensuring the conditions for regeneration periradicular tissues; hyposensibilization of patient organism. The next treatment goal is effective root canal obturation. Insufficient obturation leads to microbial contamination of periodontal ligament and periradicular tissues and further development of its inflammation. The treatment may be single-appointment preparation and obturation or multi-appointment cases.
THE CHRONIC APICAL PERIODONTITIS TREATMENT
FIRST APPOINTMENT
1. Oral cavity toilet. Thoroughly cleansing of the oral cavity with antiseptic solutions.

2. Preparation of the operation field. Isolation by cotton rolls or rubberdum.

3. Preparation of caries cavity. Remove all caries dentin of caries cavity.

5. Preparation access to pulp chamber and root canals.
6. Root canal preparation. At this stage preparation performed in full volume, including canal negotiation, canal shaping, and, finally, apical preparation. After preparation completing the medicament such as calcium hydroxide (antiseptics, sorbents, enzymes and so on) is placed long with a cotton pellet and temporary filling is placed.
SECOND APPOINTMENT
1. Removing the temporary filling.
2. Thorough finally preparation of caries cavity (tooth). 

3. Root canal preparation. At this stage preparation performed in full volume, including canal negotiation, chemomechanical debridement, canal shaping, and, finally, apical preparation.

4. Obturation of root canal.
5. Placing temporary or the final filling (composites, amalgam, inlay, artificial crown) after an intraorifice barrier is placed .

Regardless of appointments there is the sequence of treatment stages.
1. Thoroughly cleansing the oral cavity with antiseptic solutions.

2.  Preparation of caries cavity.
3. Root canal preparation.

4. Obturation of root canal. Radiographic study is needed for assessment of quality root canal filling.
5. Placing temporary or the final filling (composites, amalgam, inlay, artificial crown) after an intraorifice barrier is placed.
1. Thoroughly cleansing the oral cavity with antiseptic solutions. Before beginning of medical treatment it is necessary to remove these soft tooth deposits for more effective periodontitis treatment. Rubber dam application is an essential prerequisite for providing nonsurgical endodontic treatment. For root canal treatment, rapid, simple, and effective methods of dam applications have been developed. The rubber dam also provides a fluid seal from saliva protecting the working field.
2. Preparation of caries cavity. For descriptive convenience, endodontic cavity preparation may be separated into two anatomic divisions: (a) coronal preparation and (b) radicular preparation. Actually, coronal preparation is merely a means to an end, but to accurately prepare and properly fill the radicular pulp space.

Caries and defective restorations remaining in an endodontic cavity preparation must be removed for three reasons: (1) to eliminate mechanically as many bacteria as possible from the interior of the tooth, (2) to eliminate the discoloured tooth structure, that may ultimately lead to staining of the crown, and (3) to eliminate the possibility of any bacteria-laden saliva leaking into the prepared cavity. The last point is especially true of proximal or buccal caries that extend into the prepared cavity.

Black’s principles of cavity preparation—Outline, Convenience, Retention, and Resistance Forms—may be applied. The entire length of the preparation is the full outline form. In turn, this outline may have to be modified for the sake of convenience to accommodate canal anatomy or curvature and/or instruments. For initial entrance through the enamel surface or through a restoration, the ideal cutting instrument is the round-end carbide fissure bur.As soon as the bulk of the overhanging dentin is removed from the roof of the chamber, the slower operating round burs are put aside, and, once again, the high-speed fissure bur is used to finish and slope the side walls in the visible portions of the preparation. Size and shape of endodontic coronal preparations related to size and shape of the pulp and chamber.
The outline form of the endodontic cavity must be correctly shaped and positioned to establish complete access for instrumentation, from cavity margin to apical foramen. Moreover, external outline form evolves from the internal anatomy of the tooth established by the pulp.To achieve optimal preparation, three factors of internal anatomy must be considered: (1) the size of the pulp chamber, (2) the shape of the pulp chamber, and (3) the number of individual root canals, their curvature, and their position. The finished outline form should accurately reflect the shape of the pulp chamber. For example, the floor of the pulp chamber in a molar tooth is usually triangular in shape, owing to the triangular position of the orifices of the canals. As another example, the coronal pulp of a maxillary premolar is flat mesiodistally but is elongated buccolingually.

To provide direct access to the apical foramen, enough tooth structure must be removed to allow the endodontic instruments freedom within the coronal cavity so they can extend down the canal in an unstrained position. This is especially true when the canal is severely curved or leaves the chamber at an obtuse angle. Infrequently, total decuspation is necessary. It is often necessary to expand the outline form to make certain filling techniques more convenient or practical. If a softened gutta-percha technique is used for filling, wherein rather rigid pluggers are used in a vertical thrust, then the outline form may have to be widely extended to accommodate these heavier instruments.

If, on the other hand, the tooth structure is removed around the orifice so that the instrument stands free in this area of the canal, the instrument will then be controlled by only two factors: the clinician’s fingers on the handle of the instrument and the walls of the canal at the tip of the instrument. Nothing is to intervene between these two points
3. Root canal preparation. With the completion of the coronal access cavity, preparation of the radicular cavity may be started. Root canal preparation has two objectives: thorough debridement of the root canal system and the specific shaping of the root canal preparation to receive a specific type of filling.

The first objective is achieved by skilful instrumentation coupled with liberal irrigation. This double-pronged attack will eliminate most of the bacterial contaminants of the canal as well as the necrotic debris and dentin.

Cleaning and sanitizing the root canal have been likened to the removal of carious dentin in a restorative preparation—that is, enough of the dentin wall of the canal must be removed to eliminate the attached necrotic debris and, insofar as possible, the bacteria and debris found in the dentinal tubules. Along with repeated irrigation, the debriding instruments must be constantly cleaned. Sterile gauze square soaked in alcohol is used to wipe the instruments.

Over the years, two different approaches to root canal cleaning and shaping have emerged: the “step-back” and the “step-down” preparations. The step-back preparation is based upon the traditional approach: beginning the preparation at the apex and working back up the canal coronally with larger and larger instruments. The step-down preparation, often called “the crown-down approach,” begins coronally and the preparation is advanced apically, using smaller and smaller instruments, finally terminating at the apical stop.
Chemomechanical Debridement. The pulp chamber and root canals of untreated nonvital teeth are filled with a gelatinous mass of necrotic pulp remnants and tissue fluid. Essential to endodontic success is the careful removal of these remnants, microbes, and dentinal filings from the root canal system. The apical portion of the root canal is especially important because of its relationship to the periradicular tissue. Although instrumentation of the root canal is the primary method of canal debridement, irrigation is a critical additiont. Irregularities in canal systems such as narrow isthmi and apical deltas prevent complete debridement by mechanical instrumentation alone. Irrigation serves as a physical flush to remove debris as well as serving as a bactericidal agent, tissue solvent, and lubricant. Furthermore, some irrigants are effective in eliminating the smear layer.
Root Canal Irrigants.A wide variety of irrigating agents are available. Sodium hypochlorite is one of the most widely used irrigating solutions. Household bleach such as Chlorox contains 5.25% sodium hypochlorite. Some suggest that it be used at that concentration, whereas others suggest diluting it with water, and still others alternate it with other agents, such as ethylenediaminetetraacetic acid with centrimide (EDTAC) or chlorhexidine. By combining 5.0% sodium hypochlorite with EDTA, however, the bactericidal effect was considerably enhanced. Sodium hypochlorite is an effective antimicrobial agent, serves as a lubricant during instrumentation, and dissolves vital and nonvital tissue.
Chlorhexidine gluconate is an effective antimicrobial agent, and its use as an endodontic irrigant has been well documented. It possesses a broad-spectrum antimicrobial action, substantivity, and a relative absence of toxicity. The alternate use of sodium hypochlorite and chlorhexidine gluconate irrigants resulted in a greater reduction of microbial flora (84.6%) when compared with the individual use of sodium hypochlorite (59.4%) or chlorhexidine gluconate (70%) alone.

Regardless of the delivery system, the solution must be introduced slowly and the needle never wedged in the canal. Several types of plastic disposable syringes are available. The syringe is filled by immersing the hub into the solution while withdrawing the plunger. It is strongly recommended that the needle lie passively in the canal and not engage the walls. However, the closer the needle tip is placed to the apex, the greater the potential for damage to the periradicular tissues.
The determination of an accurate working length is one of the most critical steps of endodontic therapy. The cleaning, shaping, and obturation of the root canal system cannot be accomplished accurately unless the working length is determined precisely. Working length is defined in the endodontic Glossary as “the distance from a coronal reference point to the point at which canal preparation and obturation should terminate”.
Determination of Working Length by Radiographic Methods.To establish the length of the tooth, a stainless steel reamer or file with an instrument stop on the shaft is needed. The exploring instrument size must be small enough to negotiate the total length of the canal but large enough not to be loose in the canal. Measure the tooth on the preoperative radiograph. Place the instrument in the canal until the stop is at the plane of reference unless pain is felt (if anaesthesia has not been used). Expose, develop, and clear the radiograph. On the radiograph, measure the difference between the end of the instrument and the end of the root and add this amount to the original measured length the instrument extended into the tooth. If, through some oversight, the exploring instrument has gone beyond the apex, subtract this difference. From this adjusted length of tooth, subtract a 1.0 mm “safety factor” to conform to the apical termination of the root canal at the apical constriction.
Determination of Working Length by Electronics.The appliance “apex locator” is commonly used. It is a simple direct current ohmmeter to measure a constant resistance of 6.5 kilo ohms between oral mucous membrane and the periodontium regardless of the size or shape of the teeth. One side of the apex locator’s circuitry is connected to an endodontic instrument. The other side is connected to the patient’s body, either by a contact to the patient’s lip or by an electrode held in the patient’s hand. The electrical circuit is complete when the endodontic instrument is advanced apically inside the root canal until it touches periodontal tissue. The display on the apex locator indicates that the apical area has been reached.
Techniques of radicular cavity preparation.Over the years, there has been a gradual change in the ideal configuration of a prepared root canal. After Schilder’s classic description of “cleaning and shaping,” the more accepted shape for the finished canal has become a gradually increasing taper, with the smallest diameter at the apical constriction, terminating larger at the coronal orifice.

Two approaches to debriding and shaping the canal have finally emerged: either starting at the apex with fine instruments and working one’s way back up (or down) the canal with progressively larger instruments—the “step-back” or serial technique—or the opposite, starting at the cervical orifice with larger instruments and gradually progressing toward the apex with smaller and smaller instruments—the “step-down” technique, also called “crown-down” technique.
Step-Back Preparation. This preparation is divided into two phases. Phase I is the apical preparation starting at the apical constriction. Phase II is the preparation of the remainder of the canal, gradually stepping back while increasing in size. The completion of the preparation is the Refining Phase IIA and IIB to produce the continuing taper from apex to cervical

Prior to the introduction of nickel-titanium files, one of the first axioms of endodontics has been to “always use a curved instrument in a curved canal.” The degree and direction of the curve are determined by the canal shadow in the radiograph.
Phase I. To start Phase I instrumentation, it must be assumed that the canal has been explored with a fine pathfinder or instrument and that the working length has been established—that is, the apical constriction identified. The first active instrument to be inserted should be a fine (No. 08, 10, or 15) 0.02, tapered, stainless steel file, curved and coated with a lubricant, such as Gly-Oxide, R.C. Prep, File-Eze, Glyde, K-Y Jelly, or liquid soap.

The motion of the instrument is “watch winding,” two or three quarter-turns clockwise-counter clockwise and then retraction. On removal, the instrument is wiped clean, recurved, relubricated, and repositioned. “Watch winding” is then repeated. Remember that the instrument must be to full depth when the cutting action is made. This procedure is repeated until the instrument is loose in position. Then the next size K file is used—length established, precurved, lubricated, and positioned. Again, the watch-winding action and retraction are repeated. Very short (1.0 mm) filing strokes can also be used at the apex.

By the time a size 25 K file has been used to full working length, Phase I is complete. The 1.0 to 2.0 mm space back from the apical constriction should be clean of debris unless this area of the canal was large to begin with, as in a youngster. Then, of course, larger instruments are used to start with.

Using a number 25 file here as an example is not to imply that all canals should be shaped at the apical restriction only to size 25. Many, in fact most, canals should be enlarged beyond size 25 at the apical constriction in order to round out the preparation at this point and remove as much of the extraneous tissue, debris, and lateral canals as possible. A size 25 file is used here as an example and as a danger point for beyond No. 25 lies danger!
Phase II. In a fine canal, the step-back process begins with a No. 30 K-style file. Its working length is set 1 mm short of the full working length. It is precurved, lubricated, carried down the canal to the new shortened depth, “watch wound”, and then retracted. The same process is repeated until the No. 30 is loose at this adjusted length. Recapitulation to full length with a No. 25 file follows to ensure patency to the constriction. This is followed by copious irrigation before the next curved instrument is introduced. In this case, it is a No. 35, again shortened by 1.0 mm from the No. 30 (2.0 mm from the apical No. 25). It is curved, lubricated, inserted, “watch wound”, and retracted followed by recapitulation and irrigation.

Thus, the preparation steps back up the canal 1 mm and one larger instrument at a time. When that portion of the canal is reached, usually the straight midcanal, where the instruments no longer fit tightly, then perimeter filing may begin, along with plenty of irrigation. It is at this point that Hedstroem files are most effective. They are much more aggressive rasps than the K-files. The canal is shaped into the continuous taper so conducive to optimum obturation. Care must be taken to recapitulate between each instrument with the original No. 25 file along with ample irrigation.

This midcanal area is the region where reshaping can also be done with power-driven instruments: Gates-Glidden drills, starting with the smaller drills and gradually increasing in size to No. 4, 5, or 6. Proper continuing taper is developed to finish Phase IIA preparation.

Refining Phase IIB is a return to a size No. 25 (or the last apical instrument used), smoothing all around the walls with vertical push-pull strokes, to perfect the taper from the apical constriction to the cervical canal orifice. In this case, a safe-ended, noncutting-tip Hedstroem file is the most efficient. It produces a good deal of dentin chips, however, that must be broken up at the apex with a cutting-tip K file and then flushed out with abundant sodium hypochlorite.

This completes the chemomechanical step-back preparation of the continuing taper canal. It is now ready to be filled or medicated and sealed at the coronal cavity until the next appointment. If it is to be filled, the smear layer should first be removed.
Step-Down Technique - “Crown-Down Pressureless Preparation” in which Gates-Glidden drills and larger files are first used in the coronal two-thirds of the canals and then progressively smaller files are used from the “crown down” until the desired length is reached. This has become known as the step-down or crown-down technique of cleaning and shaping.

A primary purpose of this technique is to minimize or eliminate the amount of necrotic debris that could be extruded through the apical foramen during instrumentation. This would help prevent post-treatment discomfort, incomplete cleansing, and difficulty in achieving a biocompatible seal at the apical constriction. Also emphasized the importance of removing all pulp remnants before shaping begins to ensure that this tissue does not “pile up” at the constriction and impede full cleaning and shaping to that point.

In this method, the access cavity is filled with sodium hypochlorite, and the first instrument is introduced into the canal. One should start with a wider (0.04 or 0.06 taper) instrument or a Gates-Glidden drill to free up the canal so that a fine instrument may reach the mid- and apical canal. This would be the beginning of step-down preparation. 

The initial penetrating instrument is a small, curved, stainless steel K file, exploring to the apical constriction and establishing working length. To ensure this penetration, one may have to enlarge the coronal third of the canal with progressively smaller Gates- Glidden drills or with instruments of larger taper such as the .04 or the .06 instruments. At this point, and in the presence of sodium hypochlorite and/or a lubricant such as Glyde, step-down cleaning and shaping begins with K-Flex, Triple-Flex, or Safety Hedstrom (Sybron Endo/Kerr; Orange, Calif.) instruments in either the 0.02, 0.04, or 0.06 taper configurations depending on the canal size to begin with. Starting with a No. 50 instrument (for example) and working down the canal to, say, a size No. 15, with the instruments being used in a watch-winding motion until the apical constriction (or working length) is reached. When resistance is met to further penetration, the next smallest size is used. Irrigation should follow the use of each instrument and recapitulation after every other instrument. To properly enlarge the apical third, and to round out ovoid shape  and lateral canal orifices, a reverse order of instruments may be used starting with a No. 20 (for example) and enlarging this region to a No. 40 or 50 (for example). The tapered shape can be improved by stepping back up the canal with ever larger instruments, bearing in mind all the time the importance of lubrication, irrigation, and recapitulation. At this point, the canal should be ready for smear layer removal, drying, and either medication or obturation.

Over the past few years, the movement toward using rotary nickel-titanium instruments for root canal preparation has resulted in a multitude of instrumentation systems in the marketplace. The manufacture of variably tapered and “Gates-Glidden-like,” flexible nickel-titanium instruments, for use in gear-reduction, slow-speed handpieces, either air driven or electric, has enabled the skilled clinician to deliver predictable canal shapes with enhanced speed and increased efficiency.
Root canal preparation is considered finished, if a root canal corresponds to such requirements:
—  it is fully free from an infectious dentin;

—  has a tapered shape from cervical orifice of the root canal to apex;

—  it is enough enlarged;

—  has the formed apically support;

—  dry, clean, sterile.
Medicinal treatment during root canal preparation in the treatment of apical periodontitis. The above all goals are:
1.  Suppression of the main etiologic infection factor — microorganisms, toxins, enzymes and so on, which are contained in the root canal, its ramifications and periradicular area.

2.  Antiinflammatory influence on the damaged periodontal tissues.
3.  Stimulation of regenerative processes of damaged periodontal tissues and alveolar bone.

In order to reach these goals, preparations for medicinal treatment of root canals and periradicular space must correspond to the following requirements:

1.  To have antibacterial action on main microorganisms — etiologic factors of apical periodontitis.

2.  To have a high capacity for diffusion in microcanals and ramifications of root canal system.

3.  To be chemically stable and not inactivate in a root canal.

4.  To have antiinflammatory action, not to irritate of periodontal tissue.

5.  Don’t produce any antigen, sensibilization influence on periodontal tissues and on human organism.

Depending on the durability of antibacterial action all medicinal preparations can be divided into 2 groups:
1.  Preparations of instant or short actions. Their action begins in 5-10 s and proceeds 1-3-5 hours. In the preparations is chlorine, iodine, oxygen and so on.
2.  Preparations of the long action (1-3-5-7 days). These preparations or their mixtures provided not only antiseptic and antibacterial action, but also antiinflammatory and regenerative action.
There are next methods of medicinal treatment of root canal:

1. Antiseptic root canal preparation by means of cotton points wetting with medicinal preparations solution and placed into root canal. 

2. Antiseptic root canal preparation by means of medicinal paste for temporary placement into root canal.

3. The irrigation of root canal with medicinal preparations solution by means of endodontic syringe and needle. 
There are next main tasks of medicinal irrigation of root canal:
1. Debridement of root canal from dentinal and necrotic pulp remnants.

 2. Dissolution of organic debris.

 3. Removal of the smear layer.
 4. Disinfection of the root canal system (canal and apical deltas ).

 5. Facilitates the root canal instrumentation as specific lubricating agents. 
The choice of medicinal preparations for apical periodontitis treatment is depend of duration of its antibacterial actions, solubility in water and biological liquids, but also character and stage of inflammation of tissues of periodontal and common state of patient. All preparations for medicinal treatment of root canals and periradicular tissues may be divided into a few groups depend of their main mechanism of action.
1. Antiseptics, halogens and oxygenizers. The large group of antiseptics used for medicinal treatment of root canals. There are: preparations of calcium hydroxide;0,5-1 % solutions of aetonium, 1 % solution of benzalconium chloride, 0,15 % solution of decametoxinum; halogens: 1-2 % solutions of chloramine, 0,5 % solution of chlorhexidine gluconate, 3-5% solutions of sodium hypochlorite; iodine: 3-5 % solution of iodine and 1 % solution of iodinolum; oxygenizers - 3% solution of hydrogen peroxide; phenol (carbolic acid) – 3-5% solution, crezophene, crezodent, mepacil.

2. Also there are effective plant antiseptics – preparations of Cheldonium majus, novoimaninum, chlorophilliptum, salvinum. 
3. Antibacterial preparations: nitrofurans – 0,5-1% solutions of furacillinum, furazolidonum, furadoninum; metrinidazolum preparations – metrogyl, trichopolum.
4. Proteolytic enzymes – trypsin, chemotrypsin, terrilytin and so on. 

5. Corticosteroides – hydrocortisone, dexamethasone, triamcinolone and others.
The cotton pellet soaked with some of selected preparations placed into root canal and caries cavity hermetically sealed with temporary filling material (zinc oxide-eugenol cements, for example).
These medicinal preparations also form part of composition pastes for temporary placement into root canals (Table 21).
Table 21. Medicinal preparations for antiseptical temporary root canal placement 

	Preparation
	Manufacturer
	Active agents

	Septomixine Forte
	“Septodont”
	Dexamethasone, polymixin B, neomicine

	Grinazole
	“Septodont”
	Metroniodazole

	Tempophore
	“Septodont”
	Mentol, tymole, creosote, camphor

	Endocal
	“Septodont”
	Calcium hydroxide

	Gangripulpe
	“Pierre Rolland”
	Trycrezole, resorcinum, phenol, tymol

	Biocalex
	“Spad”/”Dentsply”
	Calcium oxide

	Pulpispad
	“Spad”/”Dentsply”
	Camphor

	Iodoform Paste
	“Products Dentaires S.A.”
	Iodoform, eugenol, benzocaine

	Greidodent
	“Alpha-Beta Medical Inc.”
	Cresol

	Vitapex
	“J.Morita”
	Iodoform, calcium hydroxide

	Metapex
	“Meta Biomed Co., Ltd”
	Iodoform, calcium hydroxide


At the second appointment (visit) such stages of medical treatment are conducted:
4. Removing the temporary filling (dressing).
5. Root canal preparation, mainly irrigation and drying.

6. Obturation of root canal. Radiographic study is needed for assessment of quality root canal filling.
7. Placing temporary or the final restoration (composites, amalgam, inlay, artificial crown) after an intraorifice barrier is placed.

In some clinical cases the complete root preparation especially canal negotiation is impossible (very narrow or sclerotic root canal) and nonsurgical treatment had failed. As alternative treatment can be used impregnation method. In this treatment used special preparations which are able penetrate into dentinal tubules at different depth and obturated them. They had very high antiseptic activity and thus inactivate infectious necrotic pulp remnants. As a result the inflammation in periodontal ligament subsided.

For impregnation of root canal and dentinal tubules were used silver preparation: 2,5% alcoholic solution of silver nitrate and for silver reducing – 4% alcoholic solution of pyrogallic acid, 30% solution of silver nitrate and for silver reducing – 4% solution of hydroquinone.

In partly negotiated root canal drop 2-3 drops of silver solution and push it with file into root canal or placed little cotton pellet soaked with silver solution. The procedure repeated 2-3 times and then in root canal drop– 4% alcoholic solution of pyrogallic acid or 4% solution of hydroquinone for silver reducing. Little cotton pellet soaked with solution for silver reducing and caries cavity hermetically sealed with temporary filling material (zinc oxide-eugenol cements, for example). After 2-3 days removed temporary dressing, irrigate and drying root canal and obdurate it. Some deficiency of this impregnation method is tooth darken (gray or even black). 
Another variation of impregnation method is resorcinum-formalin preparations usage. The liquid contents 2 drops of 40% formalin solution, 2 drops of resorcinum solution and 1 drop of 10% solution sodium hydroxide. 2-3 drops of this solution placed into root canal or in root canal placed little cotton pellet soaked with this solution and caries cavity hermetically sealed with temporary filling. After 2-3 days removed temporary dressing, irrigate and drying root canal and obdurate it. Some deficiency of this impregnation method is that tooth may become pink.
6. Obturation of root canal.
Nearly 60% of the failures in the endodontic treatment were apparently caused by incomplete obliteration of the radicular space. 
Periradicular inflammation is presumed to persist under the influence of any noxious substance. Bacteria certainly play a major role in the production of toxic products in the root canal. However, in the absence of bacteria, degraded serum per se may well assume the role of the primary tissue irritant. The persistence of periradicular inflammation, in the absence of bacterial infection, might thus be attributed to the continuing apical percolation of serum and its breakdown products.

It is apparent that the preliminary objectives of operative endodontics are total debridement of the pulpal space, development of a fluid-tight seal at the apical foramen, and total obliteration of the root canal.

The anatomic limits of the pulp space are the dentinocemental junction apically, and the pulp chamber coronally.

The root canal is ready to be filled when the canal is cleaned and shaped to an optimum size and dryness. Dry canals may be obtained with absorbent points except in cases of apical periodontitis or apical cyst, in which “weeping” into the canal persists.

The materials used to fill root canals have been legion, running the gamut from gold to feathers. Grossman grouped acceptable filling materials into plastics, solids, cements, and pastes. He also delineated 10 requirements for an ideal root canal filling material that apply equally to metals, plastics, and cements:


1. It should be easily introduced into a root canal.


2. It should seal the canal laterally as well as apically.


3. It should not shrink after being inserted.


4. It should be impervious to moisture.


5. It should be bacteriostatic or at least not encourage bacterial growth.


6. It should be radiopaque.


7. It should not stain tooth structure.


8. It should not irritate periradicular tissue.


9. It should be sterile or easily and quickly sterilized immediately before insertion.


10. It should be removed easily from the root canal if necessary.


Both gutta-percha and silver points meet these requirements. If the gutta-percha point has a fault, it lies in its inherent plasticity, for it requires special handling to position it. The major fault with the silver point is its lack of plasticity—its inability to be compacted. Both must be cemented into place, however, to be effective.
Sealers

In addition to the basic requirements for a solid filling material, there are next requirements and characteristics of a good root canal sealer:


1. It should be tacky when mixed to provide good adhesion between it and the canal wall when set.


2. It should make a hermetic [sic] seal.


3. It should be radiopaque so that it can be visualized in the radiograph.


4. The particles of powder should be very fine so that they can mix easily with the liquid.


5. It should not shrink upon setting.


6. It should not stain tooth structure.


7. It should be bacteriostatic or at least not encourage bacterial growth.


8. It should set slowly.


9. It should be insoluble in tissue fluids.


10. It should be tissue tolerant, that is, nonirritating to periradicular tissue.


11. It should be soluble in a common solvent if it is necessary to remove the root canal filling.:


12. It should not provoke an immune response in periradicular tissue.


13. It should be neither mutagenic nor carcinogenic.
There are many different sealers (Table 22)
Table 22. Materials for root canals obturation (sealers)
	Group
	Name
	Manufacturer
	Description

	I. Cements:

	
	Унифас-2
	„Медполимер”, Russia
	The zinc phosphate cement

	
	Фoсфат-цемент
	Russia, Ukraine
	The zinc phosphate cement

	
	Endion
	«Voco», Germany
	Glass-ionomer cement

	
	Endo-Jen
	«Jendental», The USA
	Glass-ionomer cement

	
	Ketac-Endo Aplicator
	ESPE, Germany
	Two component glass-ionomer cement

	II. Hardening pasts:

	Zinc oxide-eugenol cements
	Endobtur
	Septodont, France
	Zinc oxide-eugenol antiseptic sealer

	
	Estesone
	Septodont, France
	Zinc oxide-eugenol sealer with antiinflammatory action

	
	Endometazone
	Septodont, France
	Zinc oxide-eugenol sealer with antiinflammatory action

	
	Canason
	«Voco», Germany
	Zinc oxide-eugenol sealer with with cortisone and paraformaldehyde

	
	Endofil
	Brazil
	Sealer on the basis of evgenol

	Formaldehyde containing preparations
	Treatment Spad
	SPAD
	Antiseptic sealer

	
	Cresopasta
	Septodont, France
	Antiseptic sealer

	
	Foredent
	Dental, Czech
	Antiseptic sealer

	Containing calcium hydroxide
	Diaket
	ESPE
	Containing calcium hydroxide sealer

	
	Sealapex
	Kerr
	Containing calcium hydroxide sealer

	
	Biocalex
	SPAD
	Containing calcium hydroxide and cortisone sealer

	
	Calasept
	Scania Dental
	Containing calcium hydroxide sealer

	Based on epoxy resin
	Topseal
	Dentsply
	Sealer based on epoxy resin.

	
	AN-Plus
	Dentsply
	Sealer based on epoxy resin.

	
	TubliSeal
	Kerr
	Sealer based on epoxy resin.



Unfortunately, zinc oxide–eugenol (ZOE) paste and ZOE paste modified with paraformaldehyde have been found to alter pulp tissue, making it antigenetically active. Epoxy resin sealer (AH-26), on the other hand, “does not produce any systemic antibody formation or delayed hypersensitivity reaction.”


As far as mutagenicity and carcinogenicity are concerned, was reported that eugenol and its metabolites, although suspect, were uniformly negative in a bacterial mutagenicity test; hence the probability that eugenol is a carcinogen is relatively low.


Formaldehyde, formalin, and paraformaldehyde, on the other hand, are highly suspect. The US Consumer Product Safety Commission has issued warnings about the hazards of formaldehyde following a study on the subject by the National Academy of Sciences.


It can be said that only polycarboxylates and glass ionomers satisfy requirement No. 1, good adhesion to dentin. Newer adhesives are being tested at this time, however, and some appear promising.

As far as requirement No. 2, the hermetic sic seal, is concerned, the literature is replete with evaluations of sealing effectiveness, many of them contradictory, and virtually all questionable as to their validity.


Radiopacity, requirement No. 3, is provided by salts of heavy metals and a halogen: lead, silver, barium, bismuth, or iodine. The radiopacity of these materials were measured and concluded that it would be difficult to compare radiographically the quality of root filling when such a variance exists in radiopacifiers.


Requirement No. 4, dealing with particle size. There was also found sealer film thicknesses, after mixing, ranging from 49 to 180 m. There was no apparent correlation, however, between particle size and film thickness. The problems encountered with a thick film and proper sealing of the primary gutta-percha point. There was found that some “sealers may prevent reinsertion of a gutta-percha point to its correct prefitted position.”


Requirement No. 5, “It should not shrink upon setting,” is notoriously violated if a canal is filled with gutta-percha dissolved in chloroform. Whatever the volume of the chloroform in the mixture, there will be the percentage of shrinkage as the chloroform gradually evaporates. Moreover, all of the sealers shrink slightly on setting, and gutta-percha also shrinks when returning from a warmed or plasticized state. There was found that ZOE sealers begin shrinking within hours after mixing but that AH-26 first expanded and showed no shrinkage for 30 days. There was concluded that significant dimensional change and continued volume loss can occur in some endodontic sealers.


It is evidentthat the admonition that sealers and filling materials “should not stain tooth structure”, is being violated by a number of sealers. Grossman’s cement, zinc oxide–eugenol, Endomethasone, and N2 induced a moderate orange-red stain to the crowns of upper premolar teeth. Diaket and Tubli-Seal caused a mild pink discoloration, whereas AH-26 gave a distinct color shift toward grey. On the other hand, Riebler’s paste caused a severe dark red stain. Diaket caused the least discoloration. As far as the staining ability of other materials is concerned, was found that Cavit produced a light to moderate yellowish/green stain, that gutta-percha caused a mild pinkish tooth discoloration, that AH-26 Silver-Free and Duo Percha induced a distinct color shift towards grey and that crowns filled with IRM and Dycal became somewhat darker. No discolorations were recorded for teeth filled with Durelon, Fuji glass ionomer, Fletcher’s cement, or zinc phosphate cement. Sealers that contain silver as a radiopacifier, such as Kerr’s Root Canal Sealer (Rickert’s Formula) or the original AH-26, are notorious as tooth stainers. All in all, it seems wise to avoid leaving any sealers or staining cements in the tooth crown.


Requirement No. 7, bacteriostatic effect of sealers. After testing 11 root canal cements, was concluded that they all “exerted antimicrobial activity to a varying degree,” those containing paraformaldehyde to a greater degree initially. With time, however, this latter activity diminished, so that after 7 to 10 days the formaldehyde cements were no more bactericidal than the other cements.

Studying the antibacterial activity of four restorative materials was reached much the same conclusion regarding ZOE and glass ionomer cements, and it was found that 10 sealers inhibited growth of Streptococcus sanguis and Streptococcus mutans. A Temple University study found that Grossman’s Sealer had the greatest overall antibacterial activity, but that AH-26 was the most active against Bacteroides endodontalis, an anaerobe. AH-26, within dentinal tubules, appeared to have the strongest antimicrobial effect over three other well-known sealers. The Dundee University group, working with anaerobes, found, in descending order of antimicrobial activity, Roth Sealer (Grossman’s) to be the best, followed by Ketac-Endo, Tubliseal, Apexit, and Sealapex.


Requirement No. 9 is that sealers should not be soluble in tissue fluids. There is a wide variance in sealer solubility after 7 days in distilled water, ranging from 4% for Kerr’s Pulp Canal Sealer to much less than 1% for Diaket. There was found after 2 years that virtually all of the sealer was dissolved out of test teeth filled by lateral or vertical compaction. Therefore most sealers are soluble to some extent.


The very important requirement No. 10, is tissue tolerance. Suffice to say at this time that the paraformaldehyde-containing sealers appear to be the most toxic and irritating to tissue. It is possibility the necrosis of the soft tissue and sequestration of crestal alveolar bone from the leakage of paraformaldehyde paste from a gingival-level perforation.

The one common denominator of these medicated sealers is formaldehyde in one form or another. Since formalin is such a tissue-destructive chemical, it is no wonder that every cytotoxic test lists these sealers as the number one irritant.



Cements, Plastics, and Pastes

The cements, which have a wide dentistʼs acceptance, are primarily zink oxide-eugenole (ZOE) cements, the polyketones, and epoxy. The pastes currently in worldwide vogue are chlorapercha and eucapercha, as well as the iodoform pastes, which include both the rapidly absorbable and the slowly absorbable types. Despite their disadvantages, pastes are applicable in certain cases. The plastics show promise, as do the calcium phosphate products. At present the methods most frequently used in filling root canals involve the use of solid-core points, that are inserted in conjunction with cementing materials. Gutta-percha and silver per se are not considered adequate filling material unless they are cemented in place in the canal. The sealers are to form a fluid-tight seal at the apex by filling the minor interstices between the solid material and the wall of the canal, and also by filling patent accessory canals and multiple foramina. Dye-immersion studies have shown the necessity of cementation, without which dye penetrates back into the canal after compaction; this occurs with all known solid-core root canal–filling techniques.



Plastics and Resins

Other sealers that enjoy favour worldwide are based more on resin chemistry than on essential oil catalysts. Diaket (3M/Espe; Minneapolis, Minn.), an early one first reported in 1951, is a resin-reinforced chelate formed between zinc oxide and a small amount of plastic dissolved in the liquid B-diketone. A very tacky material, it contracts slightly while setting, which is subsequently negated by uptake of water. In a recent dye-penetration study, the sealing ability of Diaket was similar to Apexit but significantly better than Ketac- Endo (3M/Espe; Minneapolis,Minn.).
Solid-Core Materials

Gutta-percha is by far the most universally used solid-core root canal filling material and may be classified as a plastic. To date, modern plastics have been disappointing as solid-core endodontic filling materials.



Gutta-percha

Because modern petrochemical plastics have proved so disappointing for canal obturation, a new interest has developed in old-fashioned gutta-percha. First shown as a curiosity in the mid-seventeenth century, gutta-percha escaped notice as a practical product for nearly 200 years.


Chemically pure gutta-percha (or balata) exists in two distinctly different crystalline forms (alpha and beta) that can be converted into each other. The alpha form comes directly from the tree. Most commercial gutta-percha, however, is the beta crystalline form. There are few differences in physical properties between the two forms, merely a difference in the crystalline lattice depending on the annealing and/or drawing process used when manufacturing the final product.


Traditionally, the beta form of gutta-percha was used to manufacture endodontic gutta-percha points to achieve an improved stability and hardness and reduce stickiness. However, through special processing and/or modifications to the formulation of the gutta-percha compound, more alpha-like forms of gutta-percha have been introduced, resulting in changes in the melting point, viscosity, and tackiness of the gutta-percha point. Gutta-percha with low viscosity will flow with less pressure or stress, while an increase in tackiness will help create a more homogeneous filling. Various manufacturers have introduced products to take advantage of these properties (e.g., Thermafil, Densfil,Microseal).


The effect of heating on the volumetric change of gutta-percha is most important to dentistry.Gutta-percha expands slightly on heating, a desirable trait for an endodontic filling material.


Although the material is thought to be compressed with force that would reduce its volume, studies have shown that it is actually compacted, not compressed, and increased volumetric changes are due to heating. Unfortunately, warmed gutta-percha also shrinks as it returns to body temperature.


Gutta-percha points also become brittle as they age, probably through oxidation. Storage under artificial light also speeds their rate of deterioration. On the other hand, they can be rejuvenated somewhat by alternate heating and cooling.



Configuration

Gutta-percha points (or cones) are supplied in two shapes. The traditional form is cone shaped to conform to the perceived shape of the root canal. Today these cones are preferred by dentists who use the warm gutta-percha/vertical compaction technique of filling.


The other shape of gutta-percha points is standardized to the same size and shape as the standardized(ISO) endodontic instruments. These points are available in the standardized .02 taper as well as in increased taper sizes (.04, .06, etc) to correspond to the newer tapered instrument sizes. Color coding the numbered points to match ISO instrument color has become routine and it is now rare to find the standardized points without these convenient markings. Although gutta-percha points are supposed to be standardized according to instrument size, a startling lack of uniformity has been found, as well as an alarming degree of deformation of the points in their apical third.



Silver


Silver points are the most widely used solid-core metallic filling material, although points of gold, iridium, platinum, and tantalum are also available.

Silver has more rigidity than gutta-percha and hence can be pushed into tightly fitting canals and around curves where it is difficult to force gutta-percha.


METHODS OF OBTURATING THE ROOT CANAL SPACE
The root canals are being filled only with sealers. In this case are used root canal fillers (hand or engine drive). Some part of sealers intended in canal, root canal fillers rotated and gradually withdrawn from the canal. Sealers in canal condensed with little cotton ball.

For better results the root canals can be filled not only sealers, but gutta-percha point with sealers. Sealer can be place in abundance to ensure thorough canal wall contact because the technique will displace all excess sealer coronally. The premeasured gutta-percha point is now coated with cement and slowly moved to full working length. The sealer acts as a lubricant. The protruding points are severed at the orifice of the canal with a hot instrument.

Today, most root canals are being filled with gutta-percha and sealers. The methods vary by the direction of the compaction (lateral or vertical) and/or the temperature of the gutta-percha, either cold or warm (plasticized).


These are the two basic procedures: lateral compaction of cold gutta-percha or vertical compaction of warmed gutta-percha. Other methods are variations of warmed gutta-percha.

The methods are listed as follows:


I. Solid Core Gutta-Percha with Sealants



A. Cold gutta-percha points




1. Lateral compaction




2. Variations of lateral compaction



B. Chemically plasticized cold gutta-percha




1. Essential oils and solvents





a. Eucalyptol





b. Chloroform





c. Halothane



C. Canal-warmed gutta-percha




1. Vertical compaction




2. System B compaction




3. Sectional compaction




4. Lateral/vertical compaction





a. Endotec II




5. Thermomechanical compaction





a. Microseal System, TLC, Engine-Plugger, and Maillefer Condenser





b. Hybrid Technique





c. J.S.-Quick-Fill





d. Ultrasonic plasticizing



D. Thermoplasticized gutta-percha




1. Syringe insertion





a. Obtura





b. Inject-R-Fill, backfill




2. Solid-core carrier insertion





a. Thermafil and Densfil,





b. Soft Core and Three Dee GP





c. Silver points


II. Apical-Third Filling



A. Lightspeed SimpliFill



B. Dentin-chip



C. Calcium hydroxide


III. Injection or “Spiral” Filling



A. Cements



B. Pastes



C. Plastics



D. Calcium phosphate



Lateral Compaction of Cold Gutta-percha
The lateral compaction of cold gutta-percha points with sealer is the technique most commonly taught in dental schools and used by practitioners and has long been the standard against which other methods of canal obturation have been judged. This technique encompasses first placing a sealer lining in the canal, followed by a measured primary point, that in turn is compacted laterally by a plugger-like tapering spreader used with vertical pressure, to make room for additional accessory points. The final mass of points is severed at the canal’s coronal orifice with a hot instrument, and final vertical compaction is done with a large plugger. If executed correctly, solid canal obturation will totally reflect the shape and diversions of the properly prepared canal network.


Lateral condensation can only be achieved if certain criteria are fulfilled in canal preparation and instrument selection. The final canal shape should be a continuous taper, approaching parallel in the apical area, that matches the taper of the spreader/plugger. The spreader must reach within 1.0 to 2.0 mm of the working length, an apical stop must be created to resist apically directed condensation, and the accessory gutta-percha cones must be smaller in diameter than the spreader/plugger. Lateral condensation is not the technique of choice in preparations that cannot meet these criteria and not all canals can be shaped to meet these criteria. Before embarking on the filling process, however, several important steps in preparation must first be completed: spreader size determination, primary point and accessory point size determination, drying the canal, and mixing and placement of the sealer.
The Spreader Size Determination.Before trying in the trial point, it is mandatory to fit the spreader to reach to within 1.0 to 2.0 mm of the true working length and to match the taper of the preparation. Spreaders are available that have been numbered to match the instrument size. Therefore, a spreader of the same apical instrument size or one size larger is chosen so that it reaches to within 1.0 to 2.0 mm but will not penetrate the apical orifice. Not all canals can be shaped to fit the variety of lengths and tapers of available spreaders. This technique requires a knowledge and understanding of the size and shapes created by different cleaning and shaping instruments, as well as of the spreaders. If the spreader taper is greater than the canal taper, there will be an apically directed force during condensation that can result in overfill. If the taper of the canal is greater than that of the spreader, there is a tendency to displace the master cone coronally during condensation.

Primary Point Size Determination.Gutta-percha points have been standardized in size and shape to match the standardized instrument sizes. They have even been color-coded to match the instrument’s color. Conventional sized cones are too tapered with a bulk of material in the coronal area that would resist penetration of the spreader. However, nothing should be left to chance; the primary point should be selected to match the size of the last instrument used at the apex and should be tested in place and confirmed radiographically.


Gutta-percha comes sterilized from the package or it may be sterilized with a germicide for 5 minutes in sodium hypochlorite (5.25%), hydrogen peroxide (3%), or chlorhexidine (2%).311,313 Gutta-percha itself does not readily support bacterial growth.


The four methods used to determine the proper fit of the primary point are as follows: (1) visual test, (2) tactile test, (3) patient response, and (4) radiographic test.

Visual Test.To test the point visually, it should be measured and grasped with cotton pliers at a position within 1 mm short of the prepared length of the canal. The point is then carried into the canal until the cotton pliers touch the external reference point of the tooth. This master point should always be tried in a wet canal to simulate the lubrication of the sealer. If the working length of the tooth is correct and the point goes completely to position, the visual test has been passed unless the point can be pushed beyond this position. This can be determined by grasping 1 mm farther back on the point and attempting to push it apically. If the point can be pushed to the root end, it might well be pushed beyond into the tissue. Either the foramen was originally large or it has been perforated. If the point can be extended beyond the apex, the next larger size point should be tried. If this larger point does not go into place, the original point may be used by cutting pieces off the tip. Each time the tip is cut back 1 mm, the diameter becomes larger by approximately .02 mm. By trial and error, the point is retried in the canal until it goes to the correct position.
Tactile Test.The second method of testing the trial point is by tactile sensation and will determine whether the point tightly fits the canal. In the event the apical 3 to 4 mm of the canal have been prepared with near parallel walls (in contrast to a continuous taper), some degree of force should be required to seat the point, and, once it is in position, a pulling force should be required to dislodge it. This is known as “tug back.” Allison and the Georgia group have shown, however, that significant tug back in primary gutta-percha point placement is not essential to ensure a proper root canal seal. Again, if the point is loose in the canal, the next larger size point should be tried, or the method of cutting segments from the tip of the initial point, followed by trial and error positioning, should be used. Care must be taken not to force the sharp tip of a point through the foramen.

Patient Response. Patients who are not anesthetized during the treatment of a nonvital pulp or at the second appointment of a vital pulp may feel the gutta-percha penetrate the foramen. Adjustments can then be made until it is completely comfortable. This is a good test when the position of the foramen does not appear to be accurately determined by the radiograph or by tactile sensation. Pulp remnants from a short preparation will cause a sensation of much greater intensity than periapical tissue. Granulation tissue may not produce any sensation at all.

Radiograph Test. After the visual and tactile tests for the trial point have been completed, its position must be checked by the final test—the radiograph. The film must show the point extending to within 1 mm from the tip of the preparation. Radiographic adaptation is a better criterion of success than either the visual or tactile method.

Preparation of the Initial Point. After the initial point has passed the trial point tests, it should be removed with cotton pliers that scar the soft point or snipped with the scissors at the reference point.

Drying the Canal.While preparations are being made to cement the filling point, an absorbent paper point should be placed in the canal to absorb moisture or blood that might accumulate. Larger paper points are followed by smaller paper points until full length is achieved. To determine the presence of moisture in the canal, one must remove the absorbent point and draw the tip along the surface of the rubber dam. If the point is moist, it will leave a mark as it removes the powder from the dam. When this procedure has been repeated with fresh points that no longer streak the dam, the final paper point is left in place to be removed just as the sealer is to be introduced. Any bleeding should be stopped, the blood irrigated from the canal, and care taken to avoid penetrating beyond the apex with the final paper point. Excess moisture or blood may affect the properties of the sealer, although fluids may be completely displaced during condensation and not affect the seal.

Mixing and Placement of the Sealer. Mixing.A sterile slab and spatula are removed from the instrument case or are sterilized by wiping with a gauze sponge soaked in germicide and dried with a sterile sponge. One or two drops of liquid are used and the cement is mixed according to the manufacturer’s directions. The cement should be creamy in consistency but quite heavy, and should string out at least an inch when the spatula is lifted from the mix.


Sealer should not be mixed too thin, but on the other hand, it must not be so viscous that it will not flow between the gutta-percha points or penetrate accessory and lateral canals or the dentin tubules.

Placement. Sealer can be place in abundance to ensure thorough canal wall contact because the technique will displace all excess sealer coronally. Root canal cement/sealer may be placed in a number of ways. Some clinicians “pump” the sealer into the canal with a gutta-percha point. Some carry it in on a file or reamer, which is twirled counter clockwise, pumped up and down, and wiped against all the walls. Some use rotary or spiral paste fillers turned clockwise in one’s fingers or very slowly in a handpiece.


Using rotary or spiral paste fillers is not without danger. If powered by a handpiece, they can be easily locked in the canal and snapped off. Twirling them in the fingers is safer, and Lentulo spirals are now being made with regular instrument handles (Dentsply/Maillefer; Tulsa, Okla. and Switzerland).

Placement of the Master Point. The premeasured primary(or master, or initial) point is now coated with cement and slowly moved to full working length. The sealer acts as a lubricant. The patient may experience some minor discomfort from this procedure as air or sealer is evacuated from the canal through the foramen. If the resistance form has been correctly prepared so that a “minimal opening” exists at the foramen, no more than, and usually not as much as, a tiny puff of cement will be forced from the apex.

Multiple-Point Obturation with Lateral Compaction When the fit of the cemented primary point is ensured, the butt end, extending into the coronal cavity, should be removed with a hot instrument or scissors to allow room for visualization and the spreader that is to follow.


The premeasured spreader is then introduced into the canal alongside the primary point, and with a rotary vertical motion is slowly moved apically to full penetration, marked on the shaft with a silicone stop. It is the wedging force that occurs between the canal walls toward the gutta-percha that results in deformation and moulding of the gutta-percha to the opposite canal walls. There is no need to apply a lateral force to the spreader. It is recommends that the initial spreader be left in place a full minute to allow the primary gutta-percha time to re-conform to this pressure. One must know that, along with the lateral force of spreading, a vertical force, albeit less, is also exerted. If the spreader does not reach the premeasured length within the apical 1 mm, firm apical pressure can be applied with the knowledge that the gutta-percha, and not the tooth, is absorbing the force that could result in fracture. If full penetration is still not achieved, a spreader that is a size smaller can be used, which will bind apically to the previous spreader. The master point may appear to elongate slightly coronally as it stretches to plasticity at the point of condensation. Remember, adequate condensation does not occur unless the initial spreader reaches length.


The spreader is then removed with the same reciprocating motion and is immediately followed by the first auxiliary point inserted to the full depth of the space left by the spreader. Selecting auxiliary cones that are the same size or smaller in diameter or taper than the spreader requires a knowledge of ISO Standards for conventional gutta-percha cones and manufacturer’s specifications for the chosen spreaders. Spreader penetration that is limited by a bulk of gutta-percha in the midroot area does not result in adequate condensation in the important apical area. Some clinicians use heat at this point to soften the bulk of gutta-percha and allow easier penetration through the coronal area. This point is followed by more spreading and more points, more spreading and more points, until the entire root cavity is filled.


To ensure a cohesive filling, additional sealer should be added with each point as a lubricant to facilitate full penetration. Obturation is considered complete when the spreader can no longer penetrate the filling mass beyond the cervical line.


At this time the protruding points are severed at the orifice of the canal with a hot instrument. Vertical compaction with a large plugger will then ensure the tightest possible compression of the gutta-percha mass and provide a more effective seal against coronal leakage. All of the sealer and gutta-percha should then be removed from the pulp chamber and a final radiograph taken. After an intraorifice barrier is placed, either a final or temporary coronal filling should follow.
Lateral/Vertical Compaction of Warm Gutta-percha.Considering the ease and speed of lateral compaction as well as the superior density gained by vertical compaction of warm gutta-percha, Martin developed a device that appears to achieve the best qualities of both techniques. Called Endotec II (Medidenta Inc; Woodside, N.Y.), the newly designed device is a battery powered, heat-controlled spreader/plugger that ensures complete thermo-softening of any type of gutta-percha. It is supplied with two AA batteries that provide the energy to heat the attached plugger/spreader tips. The quick-change, heated tips are sized equivalent to a No. 30 instrument, are autoclavable, and may be adjusted to any access angulation.


Canal cleaning and shaping for this technique is a continuous taper design with a definite apical stop. After the primary point is fitted to full working length, the hand spreader and the Endotec plugger/spreader are fitted as well. At this point, silicone stops are placed to mark the length of canal.


After drying of the canal, a limited amount of sealer is applied. The primary point is then firmly positioned and gently adapted with a hand or finger spreader. It has also been recommended that one or two additional gutta-percha points be placed to reduce the possibility that the warm plugger will loosen the point when the tip is retracted.


At this juncture the Endotec plugger is placed in the canal to full depth. The activator button is pressed and the heating plugger is moved in a clockwise motion. The heat button is then released and the plugger cools immediately. It is now removed from the gutta-percha with a counter clockwise motion. This lateral compaction has formed a space for an additional point to be added, after which the plugger is again placed, heated, moved clockwise for 10 to 15 seconds, cooled, and retracted counter clockwise. Now the plugger can be used cold to compact the softened gutta-percha, followed again by warming and lateral space preparation for additional points.
Chemically Plasticized Cold Gutta-percha. A modification of the lateral compaction technique involves the use of a solvent to soften the primary gutta-percha point in an effort to ensure that it will better conform to the aberrations in apical canal anatomy. This is a variation of a very old obturation method. The problem with the original technique is centred on the use of too much of the chloroform solvent. The chloroform had evaporated leaving powdered gutta-percha.


Today’s use of solvents is quite modest in comparison with the older methods. Usually only the tip of the point is dipped in the solvent and then only for 1 second. Two or three dips will cause serious leakage.


In this technique the primary point is blunted and fitted 2.0 mm short of the working length. It is then dipped in the solvent for 1 second and set aside while sealer is placed in the canal. This allows the solvent to partially evaporate. Too much solvent, as with a two- or three-dip method, will materially increase leakage. Not only does the gutta-percha volume shrink as the solvent evaporates in the canal, the sealer leaks as well, probably because of solvent dissolution.

To begin the obturation by lateral compaction, one must immediately position the customized master point to its full measured length and then spread it aside to allow the softened gutta-percha to flow. The spreader is rotated out and is followed by additional points, spreader and points. Because 2.0 mm of the master tip have been solvent softened, it will flow to place to produce “smooth, homogeneous, well-condensed gutta-percha fills closely adapted to the internal canal configuration in the apical third, including the filling of lateral canals, fins, and irregularities.”


The principal solvent used in this technique is chloroform. At one time there was concern that it was carcinogenic, but it has recently been cleared for clinical use in dentistry by the FDA, Occupational Safety and Health Administration, and ADA. In any event, other solvents such as eucalyptol, halothane, xylene, and rectified turpentine have been evaluated as substitutes for chloroform.


In addition to the popular dip technique, sealers are prepared by dissolving gutta-percha in these solvents as well as in rosin and balsam. These mixtures have long been popular as sealers and dips for gutta-percha points. Such mixtures are called chloropercha, Kloropercha, or eucapercha. Sealers such as CRCS (Calciobiotic Root Canal Sealer) and Wach’s Sealer, respectively, contain the solvents oil of eucalyptol and Canada balsam.



Vertical Compaction of Warm Gutta-percha

Fitting the Master Gutta-percha Cone.Following the preparation of a thoroughly cleansed and continuously tapering canal, the critical step of fitting the master cone is the next important feature of this technique. For this, the conventional cone-shaped gutta-percha points are used, not the standardized numbered points. The cone-shaped gutta-percha more closely mirrors the tapered canal shape. The primary cone is virtually tailor fit, particularly in the apical third.


The cone is placed to reach the radiographic terminus and then cut back slightly short (0.5–1.0 mm) of this length. This allows heat moulding of the round cone into the non round portal of exit and minimizes sealer/tissue contact. Under cone-fit guidelines, the shorter, wider, and straighter the canal, the farther the cone should be cut back from the radiographic terminus. Conversely, the longer, more curved, and narrower the canal, the closer the cone should fit to the radiographic terminus. Beginners often cut back the cone too much.


Occasionally the cone fit does not reach the apex. In this event, one should attempt a smaller cone or, better yet, improve the shape of the canal. In short, fit the cone 0.5 to 1 mm short of the radiographic terminus and it should possess good tugback.

Heat Prefitting the Vertical Pluggers.Practitioners of warm gutta-percha vertical compaction prefer using a set of pluggers designed by Schilder (Dentsply/Maillefer; Tulsa, Okla.), a wider plugger for the coronal third of the canal, a narrower plugger for the middle third, and the narrowest plugger for the apical third of the canal. The objective is for the widest appropriate plugger to capture the maximum cushion of warm gutta-percha as the heat wave is carried apically. Only one or two pluggers may be needed for shorter teeth, whereas three or four are used in longer canals. Most cases require three graduated sizes. Schilder pluggers are marked with serrations every 5 mm, so that the depth that each instrument penetrates should be recorded by plugger number and depth of penetration. The pluggers are then set aside for immediate use.

Heat Transfer Instrument.Initially, an instrument designed much like a spreader was used to transfer heat from a Bunsen burner to the gutta-percha. It was heated “cherry-red,” immediately carried into the canal, submerged into the mass of gutta-percha, and drawn through the gutta-percha for 2 or 3 seconds to allow the heat to transfer from the heat carrier. It was then withdrawn in a slightly circular wiping motion, “freezing” some of the gutta-percha onto the heat carrier. Successive waves of vertical compaction immediately followed.

Root Canal Sealer. Practitioners of this technique generally prefer using Kerr Pulp Canal Sealer,Richert’s original ZOE cement that contains rosin as well as precipitated silver used as a medium radiopaque. The advantages, they feel, are the short setting time and low resorbability. Recently, Kerr introduced Pulp Canal Sealer EWT, which allows for Extended Working Time.
Step-by-Step Procedure of Vertical Compaction of Warm Gutta-percha

1. Dry the canal! This is best achieved by using 100% alcohol irrigated deep within the root canal system using thin, safe-tipped irrigating “needles.” The canal is then dried with paper points and air dried with the Stropko irrigator (SybronEndo/Analytic Tech; Irvine, Calif.). Confirm the patency of the foramen with an instrument smaller than the last size instrument used to develop the apical preparation.


Fit the appropriate gutta-percha cone to the patent radiographic terminus. It should visually go to full working length and exhibit tug-back. Confirm the position radiographically. Cut off the butt end of the cone at the incisal or occlusal reference point.


Remove the cone and cut back 0.5 to 1.0 mmof the tip, reinsert, and check the length and tug-back. The cone’s apical diameter should be the same diameter as the last apical instrument to reach the radiographic terminus of the preparation. Remove the cone, dip it in alcohol, and curve it slightly by drawing it through a folded gauze so that it will more easily follow the probable curved shape of the canal. Set the cone aside.


4. Prefit the three pluggers to the canal preparation: first the widest plugger to a 10 mm depth; next, the middle plugger to a 15 mm depth; finally, the narrowest plugger to within 3 to 4 mm of the terminus. Record the lengths of the desired plugger depth.


5. Deposit a small amount of root canal sealer in the canal with a Handy Lentulospiral. (Dentsply/Maillefer; Tulsa, Okla.). Lightly coat all of the walls.


6. Coat the apical third of the gutta-percha cone with a thin film of sealer.


7. Grasp the butt-end of the cone with cotton pliers and slide the cone approximately halfway down the canal. Then gently follow it fully into place with the closed tip of the cotton pliers. In a curved canal, the cone will rotate as it responds to the curvature.


8. Using the Touch ’n Heat 5004 heat carrier, sear off the cone surplus in the pulp chamber down to the cervical level. This transfers heat to the coronal third of the gutta-percha cone and creates a platform to begin the first wave of compaction.


9. Using the widest vertical plugger that has previously been coated with cement powder as a separating medium, the gutta-percha is folded into a mass and compacted in an apical direction with sustained 5- to 10-second pressure. This is the first heat wave. The temperature of the gutta-percha has been raised 5 to 8°C above body temperature, which allows deformation from compaction. At this temperature (42 to 45°C), the gutta-percha retains its same crystalline beta form with minimal shrinkage as it cools back to body temperature.


10. The second heat wave begins by introducing the heat carrier back into the gutta-percha, where it remains  for 2 to 3 seconds and, when retrieved, carries with it the first selective gutta-percha removal.


11. Immediately, the mid sized coated plugger is submerged into the warm gutta-percha. The vertical pressure also exerts lateral pressure. This filling mass is shepherded apically in 3 to 4 mm waves created by repeated heat and compaction cycles.


12. The second heating of the heat carrier warms the next 3 to 4 mm of gutta-percha and again an amount is removed on the end of the heat carrier.


13. The narrowest plugger is immediately inserted in the canal and the surplus material along the walls is folded centrally into the apical mass so that the heat wave begins from a flat plateau. The warmed gutta-percha is then compacted vertically, and the material flows into and seals the apical portals of exit.


14. The apical“down-pack” is now completed, and if a post is to be placed at this depth, no more gutta-percha need be used.


15. “Backpacking” the remainder of the canal completes the obturation. The classic method of backpacking consists of placing 5 mm precut segments of gutta-percha in the canal, cold welding them with the appropriate plugger to the apical material, warming them with the heat-carrier, and then compacting. It should be noted that no selective removal of gutta-percha is attempted in the backpacking. This sectional procedure is continued with heat and the next wider plugger until the entire canal is obturated.


16. An alternative method of backpacking may be done by injecting plasticized gutta-percha from one of the syringes, such as Obtura II (Obtura/Spartan, USA). In any event, the plasticized gutta-percha must be compacted with vertical pluggers to ensure its flow against canal walls, to weld it to the apical materials, and to minimize shrinkage.


17. The final act involves the thorough cleansing of the pulp chamber below the CE junction, the addition of an appropriate barrier, and the placement of a permanent restoration. In molar teeth, extra sealer should be placed in the chamber area, warm gutta-percha is syringed into the chamber flow, and the gutta-percha is compacted with large amalgam pluggers to ensure that any furcal portals of exit will be filled prior to final restoration.

Efficacy of Vertical Compaction of Warm Gutta-percha.Warm gutta-percha, vertically compacted, has proved most effective in filling the canals of severely curved roots and roots with accessory, auxiliary, or lateral canals, or with multiple foramina. Since the first indication of such anatomic variations may be observed during the filling procedure, it behoves the dentist to use a filling technique that ensures obturation in case such unusual canals are open and patent.

Thermoplasticized Injectable Gutta-percha Obturation.An innovative device, introduced to the profession in 1977, immediately caught the fancy of dentists interested in the compaction of warm gutta-percha. Developed by a group at Harvard/Forsyth Institute, gutta-percha was ejected out of a prototype pressure syringe that had warmed it to 160°C. At this temperature, the gutta-percha would flow through an 18-gauge needle. From this early model, a more efficient system was developed and patented. Today, through further improvements, the device is marketed as the Obtura II Heated Gutta-Percha System (Obtura-Spartan Corp., Fulton;Mo.),with digitally controlled temperatures ranging from 160°C to 200°C while the needle size has been reduced to either 20 gauge (equal to a size 60 file) or 23 gauge (equal to a size 40 file).
Warm/Sectional Gutta-percha Obturation.The use of small warmed pieces of gutta-percha, the so-called sectional obturation technique, is one of the earliest modifications of the vertical compaction method described earlier.


The method begins like other methods: fitting the plugger to the prepared tapered canal. It should fit loosely and extend to within 3 mm of the working length. A silicone stop is then set on the shaft marking this length. Next, the primary gutta-percha point is blunted and carried to place. It should be fitted 1 mm short of the working length and confirmed radiographically. Upon removal, 3 mm of the tip of the point are cleanly excised with a scalpel and this small piece is then luted to the end of the warmed plugger. Sealer is placed, lining the canal, the gutta-percha tip is warmed by passing it through an alcohol flame, and it is then carried to place.Under apical pressure, the plugger is rotated to separate the gutta-percha and it is thoroughly packed in place. At this point, it is best to expose a radiograph to be sure the initial piece is in position. If so, the remainder of the canal is filled in a like manner, compacting additional pieces of warmed gutta-percha until the canal is filled to the coronal orifice.

Warm Thermomechanical Compaction of Gutta-percha.A totally new concept of heat softening and compacting gutta-percha was introduced by McSpadden in 1979. Initially called the McSpadden Compactor, the device resembled a reverse Hedstroem file, or a reverse screw design. It fit into a latch-type handpiece and was spun in the canal at speeds between 8,000 and 20,000 rpm. At these speeds, the heat generated by friction softened the gutta-percha and the design of the blades forced the material apically. In experienced hands, canals could be filled in seconds.

However, problems developed and the Compactor fell into disfavour. Fragility and fracture of the instruments, along with overfilling because of the difficulty in mastering the technique, led to its demise. However, phoenix like, it rose again in different shapes and forms. In Europe, Maillefer modified the Hedstroem-type instrument as the Gutta-Condenser, and Zipperer (Germany) called its modification the Engine Plugger. The latter more closely resembles an inverted K-file.


McSpadden, in the meantime, modified his original patent and brought out a newer, gentler, slower-speed model. It is now supplied as an engine-driven instrument made of nickel titanium and presented as part of the Microseal System (Analytic/Quantec, USA). Because of their flexibility, the NiTi condensers may be used in curved canals.

Thermomechanical Solid-Core Gutta-percha Obturation.One other innovation using the thermomechanical principle to compact gutta-percha in the root canal has been introduced as the J.S. Quick-Fill (J.S. Dental Co., Sweden/USA). This system consists of titanium core devices that come in ISO sizes 15 to 60, resemble latch-type endodontic drills, coated with alpha-phase gutta-percha. These devices are fitted to the prepared root canal and then, following the sealer, are spun in the canal with a regular low-speed, latch-type handpiece. Friction heat plasticizes the gutta-percha and it is compacted to place by the design of the Quick-Fill core. After compaction, there are two choices: either the compactor may be removed while it is spinning and final compaction completed with a hand plugger or the titanium solid core may be left in place and separated in the coronal cavity with an inverted cone bur.



SOLID-CORE CARRIER: MANUAL INSERTION



ThermaFil (Dentsply/Tulsa)


Densfil (Dentsply/Maillefer),


Soft-Core (Soft-Core System, Inc.), and


Three Dee GP (Deproco UK Ltd.)


In 1978, Johnson described a unique yet simple method of canal obturation with thermoplasticized alpha-phase gutta-percha carried into the canal on an endodontic file. What was a curiosity in 1978 has become today a popular and respected technique of canal obturation. ThermaFil is considered the major core-carrier technique, and through a licensing agreement with Dentsply, a duplicate product, Densfil was created. Recently, two similar products were introduced: Soft-Core, and its European version, Three Dee GP.


“ThermaFil is a patented endodontic obturator consisting of a flexible central carrier, sized and tapered to match variable tapered files (.04/.06) endodontic files. The central carrier is uniformly coated with a layer of refined and tested alpha-phase gutta-percha.” The use of the variable tapered files in canal preparation has enhanced the fit, placement, movement, and compaction of the gutta-percha delivered by the ThermaFil core carrier. Likewise, the ThermaFil system now comes with metallic size verifiers that are used to determine, with greater precision, the size and shape of the prepared canal prior to choosing the correct ThermaFil carrier.


Initially, the central carrier was a newly designed stainless steel device. Contemporary carriers are made of radiopaque plastic that is grooved along 60 degrees of their circumference. While the gutta-percha covering the original carriers was heated in a flame, the new plastic core carriers are heated in a controlled oven environment called the ThermaPrep Plus heating system (Dentsply/Tulsa; Tulsa, Okla.). The heating time is well delineated and is dependent on the size of the core carrier. The use of the oven, according to the manufacturer’s directions, is essential for success with this technique.

Soft-Core, or its counterpart, Three Dee GP, is similar to ThermaFil; however, it contains a biopolymer compound and a tungsten core that is radiopaque. It has an easily detachable handle, referred to as a metallic insertion pin, that is removed with a slight twisting action. This leaves the coronal portion of the plastic core hollow, thus facilitating post space preparation. The presence of the metallic insertion pin also allows a curving of the coronal portion of the carrier, thus facilitating the angle of core insertion. It is supplied in a sterile blister pack that also contains a matching size verifier. The carriers are thinner in taper than the ThermaFil carriers but are ISO sized at the apex. This was done to facilitate their use in small canals that are difficult to shape. Heating of the gutta-percha on the Soft-Core carrier is done in a halogen oven that is thermostatically controlled.

Method of Use.The detailed use of the core carrier obturation technique has evolved after years of development and clinical use. Careful cleaning and shaping of the canal are essential, as is the development of a continuously tapering preparation. Contemporary dictates favour the use of the variable tapered endodontic files to achieve this goal and to enhance the obturation afforded by the ThermaFil technique.


Prior to obturation, it is recommended that the smear layer be removed with the appropriate agents. This will promote the movement of the softened material into the dentinal tubules and enhance the seal. After the canal is dried, a very light coat of sealer is applied to all of the walls. It acts as an adhesive as well as a lubricant. Preferred sealers include Thermaseal (Dentsply/Tulsa; Tulsa, Okla), AH-Plus (Dentsply/Maillefer; Tulsa, Okla.), Sealapex (Kerr/Analytic; Orange, Calif.), or ZOE cements. Quick-setting cements such as Tubliseal, or cements that contain natural gutta-percha softeners, such as Sealex or CRCS, should be avoided with this technique. In the case of the former, the sealer sets up too rapidly when warmed. In the case of the latter, the chemical softening of the gutta-percha makes it too tacky and adherent to the dentin walls, thereby reducing its flow apically and into the canal irregularities.


Immediately after the sealer is applied, the warmed obturator is removed from the ThermaPrep Plus heater and carried slowly to full working length in the canal. Previously, the built-in rubber stop, on the calibrated shaft, had been set at the proper length position. The carrier is not twisted during placement, and attempts to reposition the carrier should be avoided to prevent disruption of the gutta-percha that was initially positioned through the compacting action of the core carrier.


Once it is ensured radiographically that the canal has been filled to the desired position, the shaft is severed in the coronal cavity. While the handle is firmly held aside, a No. 37 inverted cone bur is used to trim off the shaft 2 mm above the coronal orifice. Specific burs have also been developed for this task: Prepi Bur (Prepost Preparation Instrument) (Dentsply/Tulsa; Tulsa, Okla.). The Prepi Bur, a noncutting metal ball, is run in a handpiece and is also used to create post space safely and efficiently when needed. This space can be created immediately or on a delayed basis without altering the apical seal.
Thus, treatment of apical periodontitis, regardless of clinical features, consists of such successive stages:
1. Thoroughly cleansing the oral cavity with antiseptic solutions.

2. Preparation of caries cavity.
3. Root canal preparation.

4. Obturation of root canal.
5. Placing temporary or the final filling.
The time, that is needed for implementation of all these stages, and the quantity of visits depends of patientʼs clinical features. The treatment of some forms of apical periodontitis may perform at single appointment; other clinical cases may need multi appointment treatment.

The indications for single appointment method of apical periodontitis treatment are:

1. Chronic fibrous apical periodontitis singlerooted or multirooted teeth with good negotiated root canals.

2. Chronic granulation apical periodontitis singlerooted or multirooted teeth with good negotiated root canals and fistula (on the gums or skin).

3. Exacerbative chronic apical periodontitis in teeth with good negotiated root canals, when incision for treatment of periradicular abscess is need.

The single appointment method of apical periodontitis treatment, regardless of clinical features, consists of all the above mentioned successive stages. After the visual and tactile tests for the trial point have been completed, its position must be checked by the final test—the radiograph. Radiographic adaptation is a better criterion of success than either the visual or tactile method.
Peculiarities of chronic apical periodontitis treatment in teeth with bad negotiate of the canal. In some clinical case the tooth has bad or partly negotiates root canal. This made the chronic apical treatment very difficult or even impossible: using instrumentation dentist cannot sufficiently enlarge root canal to achieve a continuously tapering funnel from the apical foramen to the cavosurface margin. In such cases very useful is chemical enlargement of root canal with such preparations as ethylenediaminetetraacetic acid (EDTA), EDTA with centrimide and others. Most of these preparations are known as Chelating Agents (Table 23).
The most common chelating solutions used for irrigation include Tublicid, EDTA, EDTAC, File-Eze, and RC Prep, in all of which EDTA is the active ingredient. The optimal pH for the demineralizing efficacy of EDTA on dentin was between 5.0 and 6.0. It was shown that EDTAC increases permeability into dentinal tubules, accessory canals, and apical foramina; when sealed in the canal for 24 hours, and produces the cleanest dentinal walls. Chelating agents remove only calcified tissue, whereas sodium hypochlorite removes organic material. In combination with sodium hypochlorite, is enhanced by the interaction of the urea peroxide in RC-Prep with sodium hypochlorite, producing a bubbling action thought to loosen and help float out dentinal debris. Other organic acids have been used to remove the smear layer: polyacrylic acid as Durelon and Fuju II liquids, both 40% polyacrylic acid.

Ethylenediaminetetraacetic acid must be concentrated enough in an area to be effective. R C Prep, File-Eze, and Glyde, which contain EDTA, act more as lubricating agents since the concentration of EDTA contained therein is very modest. The Canal Finder System, using No. 08 files, has been very effective in opening curved calcified canals in the presence of an EDTA lubricant.
Table 23

Preparations for chemical enlargement of root channels
	Active substance
	Preparation
	Producer

	EDTA
	Endofree

Largal ultra

Edetal Solution

Root Canal Enlarger
VeriFix
	Dencare

Septodont

Pierre Rolland
Produits Dentaires S.A.

SPAD

	Citric and propionic acid
	Canal +
HPU 15
Glyde File Prep 
File-Eze
RC Prep
	Septodont

SPAD

Maillefer / Dentsply

Ultradent

Premier


When chemical preparations of root canal are non-effective the impregnation methods or physiotherapy (electrophoresis, depotphoresis, USW-therapy) may be used.

PHYSIOTHERAPEUTIC METHODS OF APICAL PERIODONTITITS TREATMENT
Physiotherapeutic methods are used as a necessity to inhibition andreduction of microbial flora in root canal system. The usage of these methods reducing the quantity of medicamental preparations needed for medical treatment of apical periodontitis. The physical methods also conducting of antimicrobial and antibacterial treatment, creates cessation of spreading of inflammation into periradicular tissues, regeneration of periodontal ligament and periradicular tissues.

The indications for phisiotherapeutic methods of apical periodontitis treatment are:

1. Apical periodontitis singlerooted or multirooted teeth with partly negotiated root canals.

2. Apical periodontitis in case of ineffectiveness of conservative treatment method.

3. Chronic granulation apical periodontitis singlerooted or multirooted teeth with partly negotiated root canals and fistula (on the gums or skin).

4. The treatment of apical periodontitis in patients with sensibilization to medicaments using for root canal treatment.

5. Preventive and treatment of complications and mishaps after endodontic treatment.

There are some contraindications for phisiotherapeutic methods: tumors (malignant and benign), leucosis, pregnancy, tuberculosis and others.

The most widespread physiotherapeutic methods using for apical periodontitis treatment are: — electrophoresis, depotphoresis, USW-therapy
Electrophoresis. By means of this method in root canal system and periradicular tissue may be introduced ions of very different (but only soluble in water) substances: metals, salts, antiseptics, antibiotics, enzymes and others. Most frequent for apical periodontitis treatment are used such solutions: potassium iodide, calcium chloride, zinc chloride, argentum nitricum, and proteolytic enzymes. For treatment used special appliances: active electrode placed into root canal, passive placed on hand.
Electrolytes may be different: 1) alkaline solution Jodi Puri - 7,5, Kalii jodati - 5,0, Aq. destil. - 10 ml; 2) saturated solution of potassium iodide; 3) 5-10% iodine solution; 4) 10% calcium chloride solution; 5) 0,25-2% argentum nitric solution; 6) 0,25-0,5% trypsin solution and many others. As a rule metal ions are introduced from active anode; iodine ions, trypsin – from cathode. The treatment is for duration 20 mins, with 3-5 appointments every day.
The Depotphorese copper Calciumhydroxide. This method was proposed by prof. A.Knappwost (1993) as a variant of electrophoresis with incerting into root canal system special composition «Cupral». It consists of water suspension copper Calciumhydroxide. After introducing into dentinal tubules the copper-calcium ions reduced and hermetically sealed dentinal tubules. Thus in root canal system formed depot of copper and calcium. For this method used special appliance – Original II or Comfort. 
After depotphoresis in root canal introduced special cement «Atacamit» and caries cavity hermetically sealed with temporary dressing. The next appointments should be in 8-14 days.
Diathermocoagulation. For diatermocoagulation used the electromagnetic waves of very high frequency (1-2 megahertz), low tension and large force. The diathermia stimulate formation in tissues big quantity of heat. So it has antiinflammatory action and with big power may lead to tissue and microflora destruction. For this method used special appliance with special electrodes.

For apical periodontitis treatment used special thin (like a needle) electrode which placed into root canal. The treatment lasted from 10 to 60 seconds, after which performing root canal preparation and it obturation.
USW-therapy. For ultra short waves used the electromagnetic waves of very high frequency (40 megahertz), low tension and low force. These waves stimulate transformation electromagnetic power into heat and induce increasing metabolism and thus antiinflammatory action.

USV-therapy used for treatment of acute and exacerbative chronic periodontitis after drainage of periodontal space and pain, which appeared after endodontic treatment. For this method used special appliance with two special electrodes (radiators).The radiators are placed from sides of the treated tooth and the treatment is conducted. The treatment lasted from 5 to 10 minutes, 3-5 appointments every day.
Physical methods provided enough rapid and effective action on a periradicular inflammation. They activate processes of metabolism and regeneration in connective and bone tissue. Application of physical methods considerably accelerated the apical periodontitis treatment and prevents appearance of complications.
CONSERVATIVE-SURGICAL METHODS OF APICAL PERIODONTITIS TREATMENT
Several factors have resulted in a significant impact on the indications for and the application of endodontic surgery. Even though the success rate of nonsurgical endodontic treatments is high, failures do occur. Few absolute contraindications to endodontic surgery exist. Most contraindications are relative, and they are usually limited to three areas: (1) the patient’s medical status, (2) anatomic considerations, and (3) the dentist’s skills and experience.
Surgical drainage is indicated when purulent and/or haemorrhagic exudate forms within the soft tissue or the alveolar bone as a result of a symptomatic periradicular abscess. A significant reduction of pain and a decrease in the length of morbidity will follow the release of pressure and the evacuation of the by-products of inflammation and infection. Surgical drainage may be accomplished by (1) incision and drainage (I & D) of the soft tissue or (2) trephination of the alveolar cortical plate.

Endodontic surgery encompasses surgical procedures performed to remove the causative agents of periradicular pathosis and to restore the periodontium to a state of biologic and functional health. These procedures may be classified as follows (the most frequent used)

Root-end resection

Root resection (amputation)

Hemisection
Root-End Resection. Root-end resection is a common yet controversial component of endodontic surgery.
Indications. The most common biologic factors were persistent symptoms and continued presence of a periradicular lesion. The most common technical factors contributing to the need for root-end resections were interradicular posts, crowned teeth without posts, irretrievable root canal filling materials, and procedural accidents.

The extent of root-end resection will be determined by a number of variable factors that a dental surgeon must evaluate on an individual, case-by-case basis. It is not clinically applicable to set a predetermined amount of root-end removal that will be appropriate for all clinical situations. The following factors should be considered when determining the appropriate extent of root-end resection in periradicular surgery:


1. Visual and operative access to the surgical site (example: resection of buccal root of maxillary first premolar to gain access to the lingual root).


2. Anatomy of the root (shape, length, curvature).


3. Number of canals and their position in the root (example: mesial buccal root of maxillary molars, mesial roots of mandibular molars, two canal mandibular incisors).


4. Need to place a root-end filling surrounded by solid dentin (because most roots are conical shaped, as the extent of root-end resection increases, the surface area of the resected root face increases).


5. Presence and location of procedural error (example: perforation, ledge, separated instrument, apical extent of orthograde root canal filling).


6. Presence and extent of periodontal defects.

7. Level of remaining crestal bone. The endodontic surgeon must constantly be aware that conservation of tooth structure during root-end resection is desirable; however, root conservation should not compromise the goals of the surgical procedure

Regardless of the angle or the extent of the root-end resection, it is extremely important that the resection be complete and that no segment of root is left unresected. The potential for incomplete root-end resection is especially high in cases where the root is broad in its labial–lingual dimension and where surgical access and visibility are impaired. Once the desired extent and bevel of root-end resection have been achieved, the face of the resected root surface should be carefully examined to verify that complete circumferential resection has been accomplished. This can be accomplished by using a fine, sharp explorer or the tip of a scaler guided around the periphery of the resected root surface. If complete resection is in doubt, a small amount of methylene blue dye can be applied to the root surface for 5 to 10 seconds. After the area has been irrigated with sterile saline, the periodontal ligament will appear dark blue, thereby highlighting the root outline.
Outcomes
The fundamental purpose of the treatment is to restore the structural and functional integrity of damaged tissue by eliminating irritants as soon as possible.

Depending on the dynamic interaction between host defences and microbial insults, acute apical periodontitis can result in (1) restitution of normal periapical tissues if irritants are immediately eliminated by root canal therapy; (2) abscess formation if massive invasion of periapical tissues by highly pyogenic bacteria occurs; (3) organization by scarring if extensive destruction of periapical tissues results; or (4) progression to chronic apical inflammation if irritants continue to persist.

In most cases, if the source of infection in the root canal is eliminated by root canal therapy, the abscess will heal by reabsorption of the pus in teeth with an acute apical abscess. If the periapical purulent exudate can be evacuated through the root canal (or through incision and drainage when indicated) during root canal therapy, the patient usually experiences an immediate relief of acute pain. In chronic apical abscess formations, wound healing will take place mainly by means of regeneration and to some degree by tissue repair. Removing all the chronic inflammatory cells from the region may also speed up healing.

Root canal treatment and periapical surgery are recommended for removing an apical cyst. Although evidence exists that a cyst may heal after the canal is disinfected and obturated, there is also evidence that some cysts do not heal when the causal irritant is removed. Because one does not know whether the cyst will resolve or continue to grow, it is recommended they be enucleated.
Radiographically, the involved teeth may show slight widening of the apical periodontal ligament space due to loss of apical lamina dura. In chronic apical abscess, the involved teeth may be symptomatic or asymptomatic. If an intraoral or extraoral draining sinus tract is present, swelling is usually absent. Radiographic bone destruction is obvious in teeth with chronic apical abscess formation.

CHAPTER 7  ORAL SEPSIS 

CHAPTER 8
ENDODONTIC MISHAPS:

THEIR DETECTION, CORRECTION, AND PREVENTION
Endodontic mishaps or procedural accidents are those unfortunate occurrences that happen during treatment, some owing to inattention to detail, others totally unpredictable:
Endodontic Mishaps


Access related
Treating the wrong tooth

Missed canals

Damage to existing restoration

Access cavity perforations

Crown fractures

Instrumentation related
Ledge formation

Cervical canal perforations

Midroot perforations

Apical perforations

Separated instruments and foreign objects

Canal blockage

Obturation related
Over- or underextended root canal fillings

Nerve paresthesia

Vertical root fractures

Miscellaneous
Post space perforation

Irrigant related

Tissue emphysema

Instrument aspiration and ingestion
ACCESS-RELATED MISHAPS

Treating the Wrong Tooth
If there is no question about diagnosis, treating the wrong tooth falls within the category of inattention on the part of the dentist. Obviously, misdiagnosis may happen and should not be automatically considered an endodontic mishap. But if tooth #23 has been diagnosed with a necrotic pulp and the rubber dam is placed on tooth #24 and that tooth opened, that is a mishap.
Correction includes appropriate treatment of both teeth: the one incorrectly opened and the one with the original pulpal problem.
Prevention. Mistakes in diagnosis can be reduced by attention to detail and obtaining as much information as possible before making the diagnosis.
Missed Canals
Some root canals are not easily accessible or readily apparent from the chamber; additional canals in the mesial roots of maxillary molars and distal roots of mandibular molars are good examples of canals often left untreated. Other canals are also missed because of a lack of knowledge about root canal anatomy or failure to adequately search for these additional canals.
Recognition of a missed canal can occur during or after treatment. During treatment, an instrument or filling material may be noticed to be other than exactly centred in the root, indicating that another canal is present.
Correction. Re-treatment is appropriate and should be attempted before recommending surgical correction.
Damage to Existing Restoration
An existing porcelain crown presents the dentist with its own unique challenges. In preparing an access cavity through a porcelain or porcelain-bonded crown, the porcelain will sometimes chip, even when the most careful approach using water-cooled diamond stones is followed. There is usually no way to predict such an occurrence. Knowing when to exercise caution can, however, reduce unwanted results.
Correction. Minor porcelain chips can at times be repaired by bonding composite resin to the crown. However, the longevity of such repairs is unpredictable.
Prevention. Placing a rubber dam clamp directly on the margin of a porcelain crown is asking for trouble. This may result in damage to the crown margin and/or fracture of the porcelain. Even removal of a provisionally cemented new crown prior to endodontic therapy may also pose a problem. These crowns can be difficult to remove, and often a margin will be damaged, or the porcelain may chip.
Access Cavity Perforations
Undesirable communications between the pulp space and the external tooth surface may occur at any level: in the chamber or along the length of the root canal. They may occur during preparation of the access cavity, root canal space, or post space (Fig. 81). In this section, the problem of access cavity perforations will be addressed.

Access preparations are made to allow the locating, cleaning, and shaping of all root canals. In the process of searching for canal orifices, perforations of the crown can occur. This will be either peripherally through the sides of the crown or through the floor of the chamber into the furcation.
Recognition. If the access cavity perforation is above the periodontal attachment, the first sign of the presence of an accidental perforation will often be the presence of leakage: either saliva into the cavity or sodium hypochlorite out into the mouth, at which time the patient will notice the unpleasant taste.
Correction. Perforations of the coronal walls above the alveolar crest can generally be repaired intracoronally without need for surgical intervention. Cavit (Premier Dental Products) will usually serve to seal these types of perforations during endodontic treatment.
Prevention. Thorough examination of diagnostic preoperative radiographs is the paramount step to avoid this mishap. Checking the long axis of the tooth and aligning the long axis of the access bur with the long axis of the tooth can prevent unfortunate perforations of a tipped tooth.
Crown Fractures
Crown fractures of teeth undergoing root canal therapy are a complication that can be avoided in many instances. The tooth may have a preexistent infraction that becomes a true fracture when the patient chews on the tooth weakened additionally by an access preparation.
Recognition of such fractures is usually by direct observation. It should be noted that infractions are often recognized first after removal of existing restoration in preparation of the access. When infractions become true fractures, parts of the crown may be mobile.
Treatment. Crown fractures usually have to be treated by extraction unless the fracture is of a “chisel type” in which only the cusp or part of the crown is involved; in such cases, the loose segment can be removed and treatment completed.
Prevention is simple: reduce the occlusion before working length is established.
INSTRUMENTATION-RELATED MISHAPS

Ledge Formation
Ledges in canals can result from a failure to make access cavities that allow direct access to the apical part of the canals or from using straight or too-large instruments in curved canals. The newer instruments with noncutting tips have reduced this problem by allowing the instruments to track the lumen of the canal, as have nickel-titanium files.
Recognition. Ledge formation should be suspected when the root canal instrument can no longer be inserted into the canal to full working length.
Correction. The use of a small file, No. 10 or 15, with a distinct curve at the tip, can be used to explore the canal to the apex. The curved tip should be pointed toward the wall opposite the ledge.
Prevention.The best solution for ledge formation is prevention. Accurate interpretation of diagnostic radiographs should be completed before the first instrument is placed in the canal.
Cervical Canal Perforations
The cervical portion of the canal is most often perforated during the process of locating and widening the canal orifice or inappropriate use of Gates-Glidden burs.
Recognition often begins with the sudden appearance of blood, which comes from the periodontal ligament space.
Correction of the perforation may include both internal and external repair. A small area of perforation may be sealed from inside the tooth.
Prevention may be achieved by reviewing each tooth’s morphology prior to entering its pulp space.
Midroot Perforations
Lateral perforations at midroot level tend to occur mostly in curved canals, either as a result of perforating when a ledge has formed during initial instrumentation or along the inside curvature of the root as the canal is straightened out (Fig. 82). The latter is often referred to as canal “stripping” and results in a fairly long perforation that seriously compromises the outcome of treatment.
Recognition.“Stripping” is a lateral perforation caused by overinstrumentation through a thin wall in the root and is most likely to happen on the inside, or concave, wall of a curved canal, such as the distal wall of the mesial roots in mandibular first molars.
Correction. Successful repair of a lateral perforation is contingent on the adequacy of the seal established by the repair material.
Prevention. Stripping can be prevented by exercising caution in two areas: careful use of rotary instruments inside the canal and following recommendations for canal preparation in curved roots.
Apical Perforations
Perforations in the apical segment of the root canal may be the result of the file not negotiating a curved canal or not establishing accurate working length and instrumenting beyond the apical confines. Perforation of a curved root is the result of “ledging,”“apical transportation,” or “apical zipping.” (Fig. 83)
Recognition. An apical perforation should be suspected if the patient suddenly complains of pain during treatment, if the canal becomes flooded with haemorrhage, or if the tactile resistance of the confines of the canal space is lost.
Correction. Efforts to repair may be to attempt to renegotiate the apical canal segment or to consider the perforation site as the new apical opening and then decide what treatment the untreated apical root segment will require.
Prevention. Endodontic instruments (stainless) must be properly bent for usage in root canals. Because they are often misdirected or forced beyond their limits, they notoriously cause perforations or break in the hands of neophytes. Recommend usage of slow-speed handpieces that are combined with an apex locator, specially designed to prevent apical perforations.
Separated Instruments and Foreign Objects
Many objects have been reported to break or separate and subsequently become lodged in root canals. Glass beads from sterilizers, burs, Gates-Glidden drills, amalgam, lentulo paste fillers, files and reamers, and tips of dental instruments have all found their way into canals, complicating treatment. Rotary instruments such as Gates-Glidden drills, if stressed, will break close to the shank, leaving a piece that can be grasped and easily retrieved (Fig. 84).
Correction. The optimal correction of instrument fracture or the presence of other foreign objects in a canal is to remove the obstruction. As a general rule, efforts to remove instrument fragments should be made as the initial approach to corrective treatment.
Prevention of separation mishaps can be partially accomplished by careful handling of instruments.
Canal Blockage
When a canal suddenly does not permit a working file to be advanced to the apical stop, a situation sometimes referred to as a “blockout” has occurred.
Recognition occurs when the confirmed working length is no longer attained. Evaluation radiographically will demonstrate that the file is not near the apical terminus.
Correction is accomplished by means of recapitulation. Starting with the smallest file used, the quarter-turn technique using a chelating agent can be helpful.
Prevention consists of frequent irrigation during canal preparation to remove dentin debris. The use of water-soluble lubricants such as File-Eze or K-Y Jelly is also a preventive measure.
OBTURATION-RELATED MISHAPS

Over- or Underextended Root Canal Fillings 
Although controversy still may exist regarding apical termination of the root canal filling, there is general agreement that the ideal location is at or near the dentinocemental junction. Root canal filling material is sometimes inadvertently extruded beyond the apical limit of the root canal system, ending up in the periradicular bone, sinus, or mandibular canal or even protruding through the cortical plate. Gross overextensions can lead to symptoms and treatment failure.
Recognition of an inaccurately placed root canal filling usually takes place when a post-treatment radiograph is examined.
Correction of an underextended filling is accomplished by re-treatment: removal of the old filling followed by proper preparation and obturation of the canal. Correction of an overextended filling is more difficult. An attempt to remove the overextension is sometimes successful if the entire point can be removed with one tug. If the overextended filling cannot be removed through the canal, it will be necessary to remove the excess surgically if symptoms or radicular lesions develop or increase in size.
Prevention. As with most mishaps, attention to detail is the best form of prevention. Accurate working lengths and care to maintain them will help prevent overextensions.
Nerve Paresthesia
There have been both local factors and systemic diseases reported as causative agents for paresthesia. Local factors in dental-related paresthesias are mostly limited to iatral root canal therapy in lower teeth. Overextensions and/or overinstrumentations are the causative factors most often found in paresthesia secondary to orthograde endodontic therapy.
Correction of these iatral neuropathies is often through nonintervention and observation.

The most important process the dentist can practice is; one should be judicious in his selection of cases.
Vertical Root Fractures
Vertical root fractures can occur during different phases of treatment: instrumentation, obturation, and post placement. In both lateral and vertical condensation techniques, the risk of fracture is high if too much force is exerted during compaction.
Recognition is often unmistakable. The sudden crunching sound, similar to that referred to as crepitus in the diseased temporomandibular joint, accompanied with pain reaction on the part of the patient, is a clear indicator that the root has fractured.
Correction. Unfortunately in most cases of vertical fracture, extraction is the only treatment available at this time.
Prevention involves avoidance of overpreparing canals and the use of a passive, less forceful obturation technique and seating of posts.
MISCELLANEOUS

Post Space Perforation
A well-done root canal procedure can be destroyed in a few seconds by a misdirected post space preparation.
Recognition is similar to that of instrumentation related lateral root perforations: sudden presence of blood in the canal (post preparation) or radiographic evidence.
Correction consists of sealing the perforation, if possible, as described for other perforations.
Prevention is associated with a good knowledge of root canal anatomy and planning the post space preparation based on radiographic information regarding the location of the root and its direction in the alveolus.
Irrigant-Related Mishaps
Various irrigants have been used in the chemomechanical preparation of the root canal system. Saline, hydrogen peroxide, alcohol, and sodium hypochlorite are among those most commonly used. Any irrigant, regardless of toxicity, has the potential to cause problems if extruded into periradicular tissues.
Recognition of an irrigant-related mishap will be readily apparent. The patient may immediately complain of severe pain, and swelling can be violent and alarming.
Treatment. Because of the potential for spread of infection related to tissue destruction, it is advisable to prescribe antibiotics in addition to analgesics for pain. Antihistamines can also be helpful. Ice packs applied initially to the area, followed by warm saline soaks the following day, should be initiated to reduce the swelling. The use of intramuscular steroids, and, in more severe cases, hospitalization and surgical intervention with wound debridement, may be necessary. Monitoring the patient’s response is essential until the initial phase of the reaction subsides.
Prevention of inadvertent extrusion of irrigants past the apex can be attained by using passive placement of a modified needle.
Tissue Emphysema
Subcutaneous or periradicular air emphysema is, fortunately, relatively uncommon. Tissue space emphysema has been defined as the passage and collection of gas in tissue spaces or fascial planes.
Recognition. The usual sequence of events is rapid swelling, erythema, and crepitus. Crepitus as pathognomonic of tissue space emphysema and therefore easily distinguished from angioedema. Although pain is not a major complaint, dysphagia and dyspnea have been reported.
Correction. Treatment recommendations vary from palliative care and observation to immediate medical attention if the airway or mediastinum is compromised.
Preventive measures that should be taken to avoid the risk of this occurrence during endodontic procedures include using paper points to dry root canals. Avoid air syringe usage.
Instrument Aspiration and Ingestion
Aspiration or ingestion of a foreign object is a complication that can occur during any dental procedure. Endodontic instruments, used in the absence of a rubber dam, can easily be aspirated or swallowed if inadvertently dropped in the mouth.
Recognition in these cases is perhaps better termed “suspicion” because sometimes aspiration may not be recognizable. If an instrument aspiration or ingestion is apparent, the patient must be taken immediately to a medical emergency facility for examination, which should include radiographs of the chest and abdomen.
Correction in the dental operatory is limited to removal of objects that are readily accessible in the throat.
Prevention can best be accomplished by strict adherence to the use of a rubber dam during all phases of endodontic therapy.
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Figures
Fig. 1. Different types of dental restorative materials

Fig. 2. The mixing of zinc phosphate cement: A – for the base liner; B – for the root canal filling

Fig. 3. The mixing of silicophosphate cement

Fig. 4. Schematic view of the glass-ionomer cement setting

Fig. 5. Glass-ionomer cement manipulation

Fig. 6. Schematic view of the glass-ionomer cement bonding to the dentine surface

Fig. 7. Restorative light-cured hybrid glass-ionomer cement technique: 1 - treating the dentin with an acidic conditioner; 2 – drying; 3 - light-curing of conditioner; 4 - mixing of glass-ionomer cement; 5 – placement of the cement into caries cavity; 6 - light-curing of glass-ionomer cement; 7 – finishing of restoration; 8 - polished glass-ionomer restoration

Fig. 8. Amalgam alloy particle shape: A - lathe cut; B – spherical

Fig. 9. Restorative amalgam technique: 1 – Class II preparation before filling; 2 – initial amalgam placement; 3 – amalgam condenser (plugger); 4 – condensation of first amalgam portion; 5, 6 – placement and condensation of the amalgam increment; 7 – carving and finishing; 8 – polished amalgam restoration

Fig. 10. Ouartz-tungsten-halogen curing lights
Fig. 11. Principal particle size for microhybrids

Fig. 12. Principal particle size for totally performed microhybrids

Fig. 13. Flowable composites

Fig. 14. Packable composites
Fig. 15. Schematic view of the enamel surface before (A) and after (B) acid etching; C – adhesive resin in the irregular etched enamel surface

Fig. 16. Microphotograph of the enamel surface after acid etching: A – during 15 seconds; B – during 60 seconds

Fig. 17. Schematic view of the dentin smear layer

Fig. 18. Schematic view of the dentin collagen collapse and hybrid layer

Fig. 19. Adhesive resin tags in the dentinal tubules
Fig. 20. Placement of chemically cured composites into caries cavity: A – placement of a glass ionomer base over the dentin; B – placement of composite; C - composites restoration after finishing

Fig. 21. Placement of light- cured composites into caries cavity by small oblique layers

Fig. 22. The examination with explorer (probing)
2

Fig. 23. Thermal testing with cold (A) and heat (B)
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Fig. 24. Percussion in occlusal (A) and buccal and lingual aspects of the teeth (B)
3

Fig. 25. Palpation of the gingiva
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Fig. 26. Dental x-ray apparatus

Fig. 27. Apparatus for electric pulp testing

Fig. 28. Enamel hypoplasia, a series of pits

Fig. 29. Enamel hypoplasia, white color defects

Fig. 30. Dental fluorosis, moderate degree

Fig. 31. Dental fluorosis, severe degree

Fig. 32. Dental erosion 

Fig. 33. Abrasion of teeth

Fig. 34. Cervical lesions (wedge-shaped defects)

Fig. 35. Tetracycline staining
Fig. 36. Photomicrograph (x30) of bacterial plaque in fissure of the crown surface

Fig. 37. Classification of tooth preparations by G.V.Black: 1 - Class I;2 - Class II; 3 - Class III; 4 - Class IV; 5 - Class V

Fig. 38. A - Cross-section of occlusal caries. B - zones of carious dentin: 1 - zone of disintegration; 2 - zone of demineralization; 3 - zone of transparent (sclerotic) dentine; 4 - zone of the visible unchanged dentine; 5 - zone of the secondary (reparative) dentin
Fig. 39. Fissure sealing: A – cleansing the tooth; B – placing the sealant; C - the sealant is gently teased to place; D – the sealant light-curing

Fig. 40. Rubber dam applied to patient

Fig. 41. Tooth preparation: 1 – caries cavity befor preparation; 2 - opening and widening the caries cavity; 3 – necrectomy; 4 - forming and shaping the cavity; 5 - beveled enamel margins
Fig. 42. Inserting the chemical-cured composite

Fig. 43. Inserting the light-cured composite

Fig. 44. Schematic view of restoration for the treatment of acute deep caries: 1 – medicamental liner; 2 – ZOE-cement; 3 - isolating liners; 4 – permanent restoration

Fig. 45. Bacterial ingress into pulp: coronal, raducular (periodontal), retrogenic

Fig. 46. The face areas of the referring acute pulpitis pain

Fig. 47. Pulp hyperaemia: 1 - dilation of blood vessels
Fig. 48. Acute circumscription pulpitis: 1 – hyperemia; 2 – edema; 3 – infiltration of leucocytes
Fig. 49. Acute diffuse pulpitis: 1 - dilation of blood vessels; 2 – edema; 3 – infiltration of leucocytes
Fig. 50. Acute purulent (supurative) pulpitis: 1 - marked dilation of blood vessels; 2 - edema; 3 – infiltration of leucocytes; 4 – abscesses

Fig. 51. Chronic fibrous pulpitis: 1 - odontoblasts layer vacuolization; 2 - hyalinosis of collagen fibers
Fig. 52. Chronic hypertrophic pulpitis:  1 - pulp polyp; 2 – infiltration of inflammatory cells
Fig. 53. Chronic gangrenous pulpitis: 1 – necrosis of coronal pulp; ; 2 – infiltration of inflammatory cells
Fig. 54. Chronic concremental pulpitis: denticles and petrificates in pulp tissue

Fig. 55. Indirect (A) and direct (B) pulp capping
Fig. 56. Maxillary anaesthesia
Fig. 57. Special syringes for the delivery of the local anaesthetic in the PDL injection

Fig. 58. Endodontic cavity preparation: A – incisor; B – premolar; C – molar

Fig. 59. Unobstructed access to the canal orifice

Fig. 60. Direct access to the apical foramen
Fig. 61. Tooth treated by pulpotomy

Fig. 62. Step-by-step technic of pulpectomy

Fig. 63. Pulp, removed with the broach

Fig. 64. Working lengths

Fig. 65. Diagrammatic view of the periapex

Fig. 66. Apical limitations of instrumentation should be at the apical constriction that is about 0.5 to 1.0 mm from the end of the root
Fig. 67. Radiographic method of establishing tooth length

Fig. 68. Determination of working length by electronics (“apex locator”)

Fig. 69. Step-by-step technic of step-back preparation

Fig. 70. Step-by-step technic of crown-down preparation

Fig. 71. Lateral compaction, multiple-point filling procedure

Fig. 72. Vertical compaction of warm gutta-percha
Fig. 73. “ThermaFil a patented endodontic obturator
Fig. 74. Step-by-step technic obturation with “ThermaFil”

Fig. 75. Placement of devitalize paste 
Fig. 76. The ways of ingress microflora into periodontal ligament: 1 - through a root canal; 2 - marginal way; 3 - contact way
Fig. 77. Phases of acute purulent apical periodontitis: 1 - periodontal phase; 2 - endostal phase; 3 - subperiostal phase; 4 - submucous phase
Fig. 78. Periapical radiograph showing irregular thickening of the periodontal ligament
Fig. 79. Periapical radiograph showing destruction of compact cortical plate of alveolar bone

Fig. 80. Periapical radiograph showing periradicular limited round radiolucent area

Fig. 81. Perforation of the pulp chamber

Fig. 82. Midroot and apical perforations

Fig. 83. The breaking of instrument in root canal

Fig. 84. Overextended filling
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