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INTRODUCTION 

 

Clinical Endodontics is intended to serve the educational needs of both 

dental students and dental practitioners seeking updates on endodontic theories 

and techniques. The primary aim has been to provide an understanding of 

biological processes involved in pulpal and periapical pathologies in an easily 

accessible form and to show how this knowledge affects clinical management. 

This book outlines the main issues of clinical endodontics.  

Clinical Endodontics gives a description of diagnostic principles of the pulp 

and apical periodontium state, presents contemporary views on the etiology and 

pathogenesis of endodontic pathology development. It also provides  

a description of endodontic instruments as well as modern treatment methods of 

complicated caries. Dental students will be able to learn the classification of pulp 

and periodontal diseases, their course and clinical manifestations. They will get 

acquainted with indications and contraindications to applying different methods 

of endodontic treatment, basic principles of mechanical root canal treatment, 

determination of root canal length and medications for intracanal therapy during 

the endodontic examination, techniques of root canal obturation as well as 

possible mistakes and complications when diagnosing and treating pulpitis and 

apical periodontitis. 

Therefore, we have supplemented the core text with numerous figures and 

photographs. As well as providing basic information for undergraduate students, 

the book might be useful for postgraduates and dental practitioners. This is  

the first edition of the book which includes five chapters.  

The authors hope that the subject of Clinical Endodontics will be useful for 

foreign students studying Dentistry in English. 
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Chapter 1 

PULPITIS 
 

The dental pulp is a soft tissue of a mesenchymal origin located in  

the center of a tooth (Fig. 1). It is the principle source of pain in oral cavity and 

also a major site of attention in endodontics and restorative procedures.  

It consists of specialized cells, odontoblasts, arranged peripherally in a direct 

contact with dentin matrix. This close relationship between odontoblasts and 

dentin is known as «pulp-dentin complex». The pulp is a connective tissue 

system composed of cells, ground substance, fibers, interstitial fluid, 

odontoblasts, fibroblasts and other cellular components. Pulp is actually  

a microcirculatory system consisting of arterioles and venules as the largest 

vascular component. Due to the lack of true collateral circulation, pulp is 

dependent upon few arterioles entering through the foramen. Due to the presence 

of the specialized cells, i. e. odontoblasts as well as other cells which can 

differentiate into hard tissue secreting cells; the pulp retains its ability to form 

dentin throughout the life. This enables the vital pulp to partially compensate for 

loss of enamel or dentin occurring with age. The injury to pulp may cause 

discomfort and the disease. Consequently, the health of pulp is important for 

successful completion of the restorative procedures.  

 

Figure 1. Relation of pulp with its surrounding structures  

(Modified from https://medlineplus.gov/) 

 

Thus, the knowledge of pulp is essential not only for providing dental 

treatment, but also to know the rationale behind the treatment provided. 

Composition of the pulp: 

1. Cells: 

– odontoblasts; 
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– fibroblasts; 

– undifferentiated mesenchymal cells; 

– defense cells (macrophages, plasma cells, mast cells). 

2. Matrix: 

– collagen fibers (type I, type II); 

– ground substance (glycosaminoglycans, glycoproteins, water). 

3. Blood vessels (arterioles, venules, capillaries). 

4. Lymphatics (draining to submandibular, submental and deep cervical 

nodes). 

5. Nerves: 

– subodontoblastic plexus of Raschkow; 

– sensory afferent from V nerve and superior cervical ganglion. 

When pulp is examined histologically, it can be distinguished into four 

distinct zones from the periphery to the center of the pulp. 

Zones of pulp are: 

– odontoblastic layer at the pulp periphery. 

– cell free zone of Weil; 

– cell rich zone; 

– pulp core. 

Odontoblastic layer. Odontoblasts consist of cell bodies and cytoplasmic 

processes. The odontoblastic cell bodies form the odontoblastic zone whereas  

the odontoblastic processes are located within predentin matrix. Capillaries, 

nerve fibers (unmyelinated) and dendritic cells may be found around  

the odontoblasts in this zone. 

Cell free zone of Weil. Central to odontoblasts is a subodontoblastic layer, 

a termed cell free zone of Weil. It contains plexuses of capillaries and small 

nerve fiber ramifications. 

Cell rich zone. This zone lies next to the subodontoblastic layer. It contains 

fibroblasts, undifferentiated cells which maintain a number of odontoblasts by 

proliferation and differentiation. 

Pulp core. It is circumscribed by a cell rich zone. It contains large vessels 

and nerves from which branches extend to peripheral layers. Principal cells are 

fibroblasts with collagen as ground substance. 

Important features of the pulp. Pulp is located deep within the tooth, so it 

defies visualization. It gives radiographic appearance as radiolucent line. Normal 

pulp is a coherent soft tissue, dependent on its normal hard dentin shell for 

protection. Therefore, once exposed, it is extremely sensitive to contact and 

temperature but this pain does not last for more than 1–2 seconds after  

the stimulus is removed. Pulp is totally surrounded by dentin which limits  

the area for expansion and restricts the pulp’s ability to tolerate edema. Pulp has 

almost a total lack of collateral circulation, which severely limits its ability to 

cope with bacteria, necrotic tissue and inflammation. Pulp consists of unique 

cells, the odontoblasts, as well as the cells that can differentiate into the hard-
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tissue secreting cells. These cells form dentin and/or irritation dentin in an 

attempt to protect pulp from injury. Pulpal responses are unpredictable. 

The innervation of pulp tissue is both simple and complex. Simple in that 

there are only three nerve endings and consequently the pulp lacks 

proprioception. It is complex because of innervation of the odontoblast processes 

which produces a high level of sensitivity to thermal and chemical changes.  

Correlation of clinical signs and symptoms with corresponding specific 

histological picture is often difficult. 

Pulpitis is a condition in which the pulp (nerve) of the tooth becomes 

inflamed, causing pain and pressure in the tooth. There are varying degrees of 

pulpitis, from mild to severe (S. Watson, 2014). 

When the pulp becomes inflamed, pressure in the pulp chamber affects  

the nerve and connective tissue in the tooth. Extreme cases of pulpitis may result 

in a phenomenon called referred pain, causing pain from pulpitis to be detected 

in unrelated areas of the face and mouth, ultimately making it difficult for  

the patient and the dentist to pinpoint the exact tooth causing the pain. 

Pulpitis is inflammation of a dental pulp tissue. Pulpitis is mainly caused 

by bacteria infection which itself is a secondary development of caries (tooth 

decay). It manifests itself in the form of a toothache. 

 

PULPITIS ETIOLOGY 

 

The noxious stimuli responsible for pulp inflammation, necrosis, and 

dystrophy are legion, ranging from bacterial invasion to hereditary dwarfism. 

The most frequent initial cause of pulp inflammation is a bacterial invasion from 

a carious lesion. Paradoxically, an alarming amount of pulp involvement is 

induced by the very dental treatment designed to repair the carious lesion.  

An increase in automobile and cycle accidents, as well as accidents from body 

contact sports, has also brought about an increase in pulp death owing to trauma. 
Table 1 

Pulpitis Etiology 

I. Bacterial 

A. Coronal ingress B. Radicular ingress 

1. Caries  1. Caries  

2. Fracture a. Complete 2. Retrogenic 

infection 

1. Periodontal pocket 

b. Incomplete (cracks, 

infraction) 2. Periodontal abscess 

3. Nonfracture 

trauma 

 3. Hematogenic  

4. Anomalous 

tract 

a. Dens invaginatus (aka 

dens in dente) 

 

b. Dens evaginatus 

c. Radicular lingual groove 

(aka palatogingival groove) 

http://dentistry.about.com/od/dentaltermsp/g/pulp.htm
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II. Traumatic 

A. Acute 1. Coronal fracture  B. Chronic 1. Adolescent female 

bruxism 

2. Radicular fracture 2. Traumatism 

3. Vascular stasis 3. Attrition or 

abrasion 

4. Luxation 4. Erosion  

5. Avulsion 

III. Iatral 

A. Cavity preparation 1. Heat of preparation 

2. Depth of preparation 

3. Dehydration  

4. Pulp horn extensions 

5. Pulp hemorrhage 

6. Pulp exposure  

7. Pin insertion 

8. Impression taking 

B. Restoration 1. Insertion   

2. Fracture a. Complete 

b. Incomplete 

3. Force of cementing  

4. Heat of polishing  

C. Intentional extirpation and root canal 

filling 

 

D. Orthodontic movement  

E. Periodontal curettage  

F. Electrosurgery  

G. Lase burn   

H. Periradicular curettage  

I. Rhinoplasty  

J. Osteotomy   

K. Intubation for general anesthesia  

IV. Chemical 

A. Restorative materials 1. Cements  

2. Plastics  

3. Etching agents  

4. Cavity liners  

5. Dentin bonding agent 

6. Tubule blockage agents 

B. Disinfectants  1. Silver nitrate 

2. Phenol  

3. Sodium fluoride 

C. Desiccants  1. Alcohol  

2. Ether  

3. Others  
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V. Idiopathic 

A. Aging 

B. Internal resorption 

C. External resorption 

D. Hereditary hypophosphatemia 

E. Sickle cell anemia 

F. Herpes zoster infection 

G. Human immunodeficiency virus (HIV) and acquired immune deficiency syndrome 

(AIDS) 

 

The causes of pulp inflammation, necrosis, and dystrophy are arranged 

below in logical sequence, beginning with the most frequent irritant, 

microorganisms (J. I. Ingle). 

Coronal caries is by far the most common means of ingress to the dental 

pulp for infecting bacteria and/or their toxins. Long before the bacteria reach  

the pulp to actually infect it, the pulp becomes inflamed from irritation by 

preceding bacterial toxins. Langeland observed pulp reactions “with certainty” 

when superficial enamel fissure caries was found clinically. Brännström and 

Lind observed inflammatory changes in the pulps of 50 of 74 premolars with 

initial enamel caries on proximal surfaces but with no radiographic evidence of 

penetration. 

Brännström and his associates also demonstrated the alarming rapidity with 

which bacteria penetrate the enamel. From incipient carious lesions, without 

cavitation on the enamel surface, microorganisms can reach the dentinoenamel 

junction. The ensuing gap between the enamel and dentin is completely filled 

with microorganisms. The infection is then shown to spread not only laterally 

along the dentinoenamel junction but pulpally as well. It is quite conceivable that 

a degree of pulp inflammation could develop well before a visual or radiographic 

break in the enamel becomes apparent. To compound the problem, Douglass et 

al. have claimed that only 60 % of dental caries lesions can be detected by 

radiographs alone. Seltzer et al. have described these pulp changes, from early 

irritation dentin formation under initial caries, through scattered macrophages 

and lymphocytes under moderately developed caries, to frank chronic 

inflammatory exudate under deep carious lesions. 

Etiology of pulpal diseases can be broadly classified into three groups: 

1. Bacterial: 

– caries; 

– microleakage around a restoration; 

– periodontal pocket and abscess; 

– anachoresis. 

2. Physical: 

a. Mechanical: 

– trauma: acute trauma like fracture or avulsion of tooth; iatrogenic dental 

procedures: 
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– pathologic wear like attrition, abrasion, etc.; 

– barodontalgia due to barometric changes. 

b. Thermal: 

– heat generated by cutting procedures; 

– heat from restorative procedures; 

– heat generated from electrosurgical procedures; 

– frictional heat from polishing restorations. 

3. Chemical: 

– acids from erosion; 

– use of chemicals like monomers, liners, bases, phosphoric acid, or use of 

cavity desiccants like alcohol. 

WEIN classified causes of pulpal inflammation, necrosis or dystrophy in  

a logical sequence beginning with the most frequent irritant, microorganisms. 

1. Bacterial. Most common cause of pulpal injury is bacteria or their 

products which may enter the pulp through the break in dentin either from:  

– caries; 

– accidental exposure; 

– fracture; 

– percolation around a restoration; 

– extension of infection from gingival sulcus; 

– periodontal pocket and abscess; 

– anachoresis (process by which microorganisms get carried by  

the bloodstream from another source localize on inflamed tissue). 

2. Traumatic: 

– acute trauma like fracture, luxation or avulsion of tooth; 

– chronic trauma including parafunctional habits like bruxism. 

3. Iatrogenic. Pulp inflammation for which the dentist’s own procedures are 

responsible are designated as dentistogenic pulpitis. Various iatrogenic causes of 

pulpal damage can be: 

– thermal changes generated by cutting procedures, during restorative 

procedures, bleaching of enamel, electrosurgical procedures, laser beam, etc. can 

cause severe damage to the pulp if not controlled; 

– orthodontic movement; 

– periodontal curettage; 

– periapical curettage; 

– use of chemicals like temporary and permanent fillings, liners, bases and 

use of cavity desiccants such as alcohol. 

4. Idiopathic: aging; resorption: internal or external. 

Radiation injury to pulp. Pulp cells exposed to ionizing radiation may 

become necrotic, show vascular damage and the interference in mitosis of cells. 

Irradiation also affects salivary glands causing decreased salivary flow, thereby 

increasing predisposition to dental caries and pulpal involvement. Radiation 

damage to teeth depends on dose, source, type of radiation, exposure factor and 

stage of tooth development at the time of irradiation. 
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PATHOGENESIS OF PULPITIS 

IMMUNE RESPONSE 

Pulpitis is characterized as the immune and neurological responses that are 

mainly triggered by the invasion of caries-related microorganisms into dentinal 

tubules and pulp (Fig. 2). Pulp reacts to various irritants as do other connective 

tissues. Degree of inflammation is proportional to intensity and severity of tissue 

damage. For example, slight irritation like incipient caries or shallow tooth 

preparation causes little or no pulpal inflammation, whereas extensive operative 

procedures may lead to severe pulpal inflammation.  

 

Figure 2. Immune and neurological responses of the pulp 

(Modified from https://www.researchgate.net/) 
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Inflammation can be present in the pulp, just as in other areas of the body. 

Inflammation of the pulp does not take place only when the bacteria in the decay 

have reached the pulp. Bacterial products may reach the pulp much earlier and 

begin the inflammatory response. The inflammation may be acute or chronic 

because just like other tissues in the body, the pulp will react to irritants with 

innate and/or adaptive immune responses. 

Innate immunity in the pulp is not specific but uses receptors to recognize 

molecular patterns common to microbes to initiate bacterial killing 

(phagocytosis). The components of the innate response of the dentin/pulp 

complex to caries include at least the following six: 1) outward flow of dentinal 

fluid; 2) odontoblasts; 3) neuropeptides and neurogenic inflammation; 4) innate 

immune cells, including immature dendritic cells (DCs), natural killer (NK) 

cells, and T cells, as well as 5) their cytokines and 6) chemokines. Although  

the first two items are not classic components of innate immunity, they are 

uniquely involved in the initial inflammatory response to caries. 

Odontoblasts, (the cells that form dentin) have cellular processes that extend 

into dentinal tubules and are the first to encounter the caries bacterial antigens. 

They express low levels of interleukin 8 (IL-8) and genes related to chemokines 

and chemokine receptors. The odontoblasts have been shown to attract immature 

dendritic cells. 

Dendritic cells (DCs) are a heterogeneous leukocyte (white blood cell) 

population. DCs in healthy peripheral tissues (steady state) are in an immature 

state. The cells are capable of sensing microbes as well as antigen capture and 

processing capabilities. A rapid accumulation of pulpal DCs has been observed 

beneath cavity preparations, and an increased number of DCs accumulated under 

caries. Immature DCs are therefore considered to be part of the innate phase of 

pulpal immune response. 

Persistent infection leads to the activation of adaptive immunity.  

A transition to an adaptive immune response will take place in the dental pulp as 

caries and bacteria approach the pulp. Antigens are recognized individually and 

lines of lymphocytes are developed to produce specific antibodies which attach 

to the recognized cells and initiate their destruction. Phagocytes remove  

the remains. B cells and T cells are the major lymphocytes involved. 

A variety of cytokines have been observed in the pulp. Patients with 

symptomatic and asymptomatic irreversible pulpitis have been shown to have  

an almost 23-fold increase in the cytokine IL-8 in the pulp. Cytokines in the pulp 

interact with each other. The ultimate effect on pulpal inflammation and healing 

is dependent upon the integrated actions of these inflammatory mediators. 

In addition to the lymphocytes, macrophages also provide defense against 

certain intracellular pathogens. Activated macrophages can function as class II 

antigen-presenting cells, similar to pulpal dendritic and B cells. In addition, 

activated macrophages secrete many inflammatory mediators. 

Macrophages in the pulp become activated after receiving two signals.  

The first is a priming stimulus and the second is an activating signal.  
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The priming stimulus is secreted by activated T-helper cells. The activating 

stimulus may include bacterial lipopolysaccharides, muramyl dipeptide, and 

other chemical mediators. 

Macrophages are professional phagocytes in innate immune responses. 

Activated macrophages are effective killers that eliminate pathogens in both 

innate and adaptive immune responses, and are also important in tissue 

homeostasis, through the clearance of senescent cells, and in remodeling and 

repair of tissue after inflammation. The number of macrophages increases with 

the progression of caries and is always higher than that of DCs at all stages of  

the caries invasion. 

NEUROLOGICAL RESPONSE 

According to the Brännström’s hydrodynamic theory, activated nociceptors 

from fluid movement and other irritants through the patent dentine tubules result 

in pulp pain. Unmyelinated, slow conducting C-fibers aid in feeling a slowset, 

burning pain. According to neuronal studies, 70–80 % of pulpal axons are 

unmyelinated. Highly myelinated Aδ-fibers, which allow for fast conduction, are 

responsible for the sharp, shooting paining. 

Thus, the stimulus intensities are based on various fibers. Fast-conducting 

Aβ and Aδ-fibers provide the lowest stimulus intensities (typically referred to as 

prepain sensations), and those sensations eventually receive higher stimulation 

levels. The dull aches are associated with C-fibers and slow Aδ-fibers. As 

inflammation intensities, the A-fibers are increasingly activated. C-fiber 

innervation and Aδ-fibers are polymodal receptors that are sensitive to capsaicin 

and inflammatory mediators. 

The pain mechanisms associated with pulpitis are similar to those of the rest 

of the body (i. e. receptors, intracellular signaling, transmitters, etc.).  

The inflammatory mediators act on specific receptors relating to nociceptive 

neurons, leading to the production of second messengers and activation of 

phospholipases and protein kinases. The second messengers regulate receptors 

ion channels that deal with sensitization. The ion channels open based on pain 

stimuli propagating action potentials in sensory neurons. 

In addition, dental caries is more likely to develop pulpitis due to less time 

for the dental pulp to react and protect itself by occluding the dentinal tubules. 

Based on the tooth injury, sensory nerve fibers react to pulpitis by growing 

terminal branches into the adjacent surviving pulp, which also changes  

the cytochemical phenotype. This neural growth typically lasts for a few days 

and the function and the form are retained. Thus, pain is poorly localized, and  

the level of pain stemming from the pulpitis varies based on severity, quality, 

duration, onset, trigger. 

Thus, depending on the condition of the pulp, severity and duration of 

irritant, host response, the pulp may respond from mild inflammation to pulp 

necrosis. These changes may not be accompanied by pain and thus may proceed 

unnoticed. 
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Pulpal reaction to microbial irritation. Carious enamel and dentin contain 

numerous bacteria. Bacteria penetrate in deeper layers of carious dentin. Pulp is 

affected before actual invasion of bacteria via their toxic byproducts. Byproducts 

cause local chronic cell infiltration. When the actual pulp exposure occurs, the 

pulp tissue gets locally infiltrated by PMNs to form an area of liquefaction 

necrosis at the site of exposure. Eventually necrosis spreads all across the pulp 

and periapical tissue resulting in severe inflammatory lesion. 

The degree and nature of inflammatory response caused by microbial 

irritants depends upon: 

– host resistance; 

– virulence of microorganism; 

– duration of the agent; 

– lymph drainage; 

– amount of circulation in the affected area; 

– opportunity of release of inflammatory fluids.  

 

THEORIES OF PULPITIS 

 

The traditional theory which explained the pulpal inflammation was 

referred to as strangulation theory.  

Strangulation theory. On irritation, there is local inflammation in the pulp, 

which results in vasodilatation, increased capillary pressure and permeability.  

It results in an increased filtration from capillaries into tissues, thus increasing 

tissue pressure. By this, thin vessel walls get compressed resulting in a decreased 

blood flow and increased venous pressure. This results in vicious cycle, because 

the increase in venous pressure further increases capillary pressure. 

Consequently, choking/strangulation of pulpal blood vessels occurs because of 

the increased tissue pressure. This results in ischemia and further necrosis.  

Current theory. Many studies have shown that the increase of pressure in 

one area does not affect the other areas of pulp. Therefore, local inflammation in 

the pulp results in increased tissue pressure in an inflamed area and not the entire 

pulp cavity.  

It is seen that the injury to a coronal pulp results in local disturbance, but if 

the injury is severe, it results in complete stasis of blood vessels in and near 

injured area. Net absorption of fluid into capillaries in adjacent uninflamed area 

results in increased lymphatic drainage, thus keeping the pulpal volume almost 

constant. 

Limited increase in pressure within affected pulpal area is explained by 

the following mechanism. Increased pressure in inflamed area favors net 

absorption of interstitial fluids from adjacent capillaries in uninflamed tissues. 

Increased interstitial tissue pressure lowers the transcapillary hydrostatic tissue 

pressure difference, thus opposes further filtration. Increased interstitial fluid 

pressure increases lymphatic drainage. Break in endothelium of pulpal capillaries 

facilitates exchange mechanism. 
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Infectious sequelae of pulpitis include apical periodontitis, periapical 

abscess and osteomyelitis of the jaw. Spread from maxillary teeth may cause 

purulent sinusitis, meningitis, brain abscess, orbital cellulitis, and cavernous 

sinus thrombosis. Spread from mandibular teeth may cause angina, 

parapharyngeal abscess, mediastinitis, pericarditis and empyema.  

 

PULPITIS CLASSIFICATION 

 

International classification ICD-10 

K 04 Diseases of pulp and periapical tissues* 

K04.0 Pulpitis 

K04.00 Initial (hyperaemia) 

K04.01 Acute 

K04.02 Suppurative [pulpal abscess] 

K04.03 Chronic 

K04.04 Chronic, ulcerative 

K04.05 Chronic, hyperplastic [pulpal polyp] 

K04.08 Other specified pulpitis 

K04.09 Pulpitis, unspecified 

K04.1 Necrosis of pulp 

Pulpal gangrene 

K04.2 Pulp degeneration 

Denticles 

Pulpal calcification 

Pulpal stones 

K04.3 Abnormal hard tissue formation of pulp  

K04.3X Secondary or irregular dentine  

Excludes: pulpal calcifications (K04.2) 

pulpal stones (K04.2) 

 

Pulpitis classification (E. M. Gofung, 1928) 

1. Acute pulpitis: 

a) Partial. 

b) General. 

c) Purulent. 

2. Chronic pulpitis: 

a) Fibrous (simple). 

b) Hypertrophic. 

c) Gangrenous. 

 

 

 

                                                           
* The original version of the International Classification ICD (ICD-DA, WHO Geneva, 1995). 
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American Association of Endodontists Classification* 

• Normal pulp 

• Reversible pulpitis 

• Symptomatic irreversible pulpitis 

• Asymptomatic irreversible pulpitis 

• Pulp necrosis 

• Previously treated 

• Previously initiated therapy 

 

Grossman’s Clinical Classification 

1. Pulpitis: inflammatory disease of dental pulp. 

a. Reversible papulosis:  

• Symptomatic (Acute). 

• Asymptomatic (Chronic). 

b. Irreversible pulpitis: 

• Acute 

– Abnormally responsive to cold. 

– Abnormally responsive to heat. 

• Chronic 

– Asymptomatic with pulp exposure. 

– Hyperplastic pulpitis. 

– Internal resorption. 

2. Pulp degeneration: 

a. Calcific (Radiographic diagnosis). 

b. Other (Histopathological diagnosis). 

3. Pulp necrosis: 

a. Coagulation necrosis. 

b. Lique faction necrosis. 

 

Ingle’s Classification 

1. Inflammatory changes: 

a. Hyperreactive pulpalgia. 

– Hypersensitivity. 

– Hyperemia. 

b. Acute pulpalgia. 

– Incipient. 

– Moderate. 

– Advanced. 

c. Chronic pulpalgia. 

d. Hyperplastic pulpitis. 

e. Pulp necrosis. 

                                                           
* Endodontics: Colleagues for Excellence. Published for the Dental Professional Community by  

the American Association of Endodontists. 
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2. Retrogressive changes: 

a. Atrophic papulosis. 

b. Calcific papulosis. 

 

Baume’s Classification. Based on clinical symptoms: 

– Asymptomatic, vital pulp which has been injured or involved by deep 

caries for which pulp capping may be done. 

– Pulp with history of pain which is amenable to pharmacotherapy. 

– Pulp indicated for extirpation and immediate root filling. 

– Necrosed pulp involving infection of radicular dentin accessible to 

antiseptic root canal therapy. 

 

Seltzer and Bender’s Classification. Based on clinical tests and 

histological diagnosis: 

1. Treatable without pulp extirpation and endodontic treatment: 

– Intact uninflamed pulp. 

– Transition stage. 

– Atrophic pulp. 

– Acute pulpitis. 

Chronic partial pulpitis without necrosis. 

2. Untreatable without pulp extirpation and endodontic treatment: 

– Chronic partial pulpitis without necrosis. 

– Chronic total pulpitis. 

– Total pulp necrosis. 

 

PULPITIS DIAGNOSTICS 

 

To provide best treatment and patient satisfaction, thorough clinical 

examination and diagnostic aids are required. Since dental problems are not  

the same in two patients, thorough clinical examination and diagnosis of  

an individual patient guides the effective treatment plan. 

Diagnosis is defined as utilization of scientific knowledge for identifying  

a diseased process and for differentiating it from other disease processes.  

It is the procedure of accepting a patient, recognizing that he/she has a problem, 

determining the cause of problem and developing a treatment plan, which would 

solve the problem. Although diagnostic testing of some common complaints may 

produce classic results, but sometimes tests may produce wrong results, which 

need to be carefully interpreted by a clinician. 

CLINICAL EXAMINATION 

I. Questioning: chief complaints; dental history (case history, history of 

present illness). 

Dental history should indicate severity and urgency of the problem. 
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Characteristics of pain: 

– Quality: dull, sharp, throbbing, constant. 

– Location: localized, diffuse, referred, radiating. 

– Duration: intermittent lasting for seconds, minutes or hours, constant. 

– Onset: stimulation required, intermittent, spontaneous. 

– Initiated: cold, heat, palpation, percussion. 

– Relieved: cold, heat, any medications, sleep. 

Pulpal pain can be sharp, piercing and lancinating. It is due to  

the stimulation of A delta fibers. Dull, boring, excruciating or throbbing pain 

occurs if there is stimulation of C-fibers. 

If a chief complaint is toothache but symptoms are too vague to establish  

a diagnosis, then analgesics should be prescribed to help the patient in tolerating 

the pain until the toothache localizes. A history of pain which persists without 

exacerbation may indicate the problems of nonodontogenic origin. 

Medical history. There are no medical conditions, which specifically 

contraindicate operative treatment, but there are several ones which require 

special care. 

For a proper medical history, importance should be given to the following: 

– allergies and medications; 

– communicable diseases; 

– systemic diseases; 

– physiological changes associated with aging; 

– risk factors identification. 

II. Examination according to WHO recommendations:  

– extraoral (external); 

– intraoral (systematic examination of the oral cavity). 

III. The main methods of diagnosis:  

– probing; 

– percussion; 

– palpation. 

– Determination of tooth mobility. 

IV. Additional methods of diagnosis: 

– pulp vitality tests (temperature tests); 

– electric pulp testing (electrical resistance measurement); 

– X-ray study (radiographic assessment); 

– visualization (microscope, magnification loupes); 

– diagnostic preparation, local anesthesia (in severe cases). 

PULP VITALITY TESTS 

Pulp testing is often referred to as vitality testing. Pulp vitality tests play  

an important role in diagnosis because these tests not only determine the vitality 

of tooth but also the pathological status of the pulp. 
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Various types of pulp tests performed are thermal test (heat test; cold test); 

electrical pulp testing. 

Heat test is the most advantageous in the conditions where patient’s chief 

complaint is intense dental pain upon contact with any hot object or liquid. It can 

be perfomed using different techniques. 

The easiest method is to direct the warm air to the exposed surface of tooth 

and note the patient response. 

Heated gutta-percha stick is the most commonly used method for heat 

testing. A tooth is coated with a lubricant to prevent the gutta-percha from 

adhering to a tooth surface. The heated gutta-percha (temperature of about  

65.5 °C; gutta-percha becomes soft and shiny) is applied at the junction of 

cervical and middle third of facial surface of tooth and patient’s response is 

noted. 

While using gutta-percha stick, precautions should be taken not to overheat 

it because in this state it is at higher temperature than is required for pulp testing 

and may result in pulp injury. 

Cold test. Commonly used methods for performing cold pulp test are  

the following: spraying cold air directed against the isolated tooth; application of 

cotton pellet saturated with ethyl chloride (–50 °C); application of dry ice on  

the facial surface of the tooth after isolating the oral soft tissues and teeth with 

gauze or cotton roll. The frozen carbon-dioxide (dry ice) is available in the form 

of solid sticks having extremely low temperature. 

A simple means of applying a cold stimulus to a tooth is to wrap a sliver of 

ice in wet gauze and place it against the buccal surface, comparing the reaction 

between the test tooth and a control tooth. Pencils of ice can be made by filling  

a plastic straw with water and freezing it in an upright position in a refrigerator. 

Ethyl chloride (boiling point –41 °C) may be sprayed onto a cotton pledget, 

resulting in the formation of ice crystals, prior to application to the tooth. 

The use of rubber dam is specially recommended when performing the test 

using the ice-sticks because melting ice runs on to adjacent teeth and gingivae 

resulting in a false-positive result.  

Variations of tooth reactions on temperature tests: 

1. Immediately passing reaction (healthy intact tooth, noncarious lesions, 

caries). 

2. A transient response (hyperemia of the pulp). 

3. Painful reaction; quickly arises from the cold; persists after stimulus 

removing (acute pulpitis). 

4. Pain reaction occurs rapidly from the hot, persists after stimulus 

removing; pain reduction from the cold (acute purulent pulpitis (suppurative 

pulpitis = pulpal abscess)). 

5. Pain reaction occurs slowly and increases from any temperature stimuli; 

persists after stimulus removing (chronic pulpitis). 

6. Lack of response (necrosis of pulp, chronic apical periodontitis, complete 

obliteration of the pulp cavity in the elderly). 
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ELECTRIC PULP TESTING 

An electric pulp tester is used for the evaluation of condition of the pulp by 

electrical excitations of neural elements within the pulp. The pulp tester is  

an instrument, which uses the gradations of electrical current to excite a response 

from the pulpal tissue. A positive response indicates the vitality of the pulp.  

No response indicates nonvital pulp or pulpal necrosis. 

Disadvantages of electric pulp testing. The following conditions can give 

rise to wrong results: 

1. Electrode may contact gingival tissue thus giving the false positive 

response. 

2. In multirooted teeth, a pulp may be vital in one or more root canals and 

necrosed in others, thus eliciting a false positive response. 

3. In teeth with acute alveolar abscess. 

4. In certain conditions, it can give false negative response, for example: 

– Recently erupted teeth with immature apex. 

– Recently traumatized tooth. 

– Calcified canals. 

– Poor battery or electrical deficiency in plug of pulp testers. 

– Patients with high pain threshold. 

– Patients premedicated with analgesics or tranquilizers. 

– Teeth with extensive restorations or pulp protecting bases under 

restorations. 

Devices: EOM-1 (Russia); PULPOTESTER РТ-1 (Lithuania); Digitest 

(USA). 
Table 2 

Threshold values of amperage depending on the state of the tooth pulp  

Nosological form Threshold values of amperage* 

Intact tooth 2–6 uA 

Caries 2–10 uA 

Hyperaemia 12–18 uA 

Acute pulpitis 20–30 uA 

Suppurative pulpitis [pulpal abscess] 30–60 uA 

Chronic pulpitis 40–60 uA 

Chronic ulcerative pulpitis 60–90 uA 

Chronic hyperplastic pulpitis [pulpal polyp] 50–70 uA 

Necrosis of pulp (coagulation necrosis) 60–80 uA 

Necrosis of pulp (Lique faction necrosis) 100 uA 

Chronic apical periodontitis More than 100 uA 

* in average, data for different devices may vary slightly. 
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X-RAY EXAMINATION 

One of the most important additional method of diagnostics in dentistry is  

a radiographic examination. X-ray examination is used: 

1. To identify hidden cavities: 

– on the contact surfaces of teeth; 

– under artificial crowns; 

– identification of other inaccessible for inspection foci, which contribute to 

the development of pulp inflammation (periodontal pocket, etc.). 

2. To determine: 

– the depth of caries; 

– the proximity of the cavity bottom to the pulp; 

– the proximity of the filling material to the pulp, etc. 

3. For differential diagnosis of caries, pulpitis, apical periodontitis.  

In case of teeth or jaws injury, which can lead to the pulp inflammation. 

Types of X-ray: film, digital. 

Digital imaging uses standard radiology technique with a film to record  

the image, and then subjects the finished image to digital processing to produce 

the final result. Digital radiography has the following advantages: the amount of 

information available from these radiographs is greater than from radiographs 

that have not been digitized; the storage of radiographs and the quality of  

the image is better; photographs of radiographs can be produced. But  

the radiation dose to the patient while using digital radiography is the same as 

that used for conventional radiographs. 

Types of X-ray: extraoral, orthopantomography (Fig. 3) 

 

Figure 3. Orthopantomography 

 

Intraoral: bisecting angle technique (isometric) (Fig. 4); paralleling 

technique (Fig. 5); bitewing radiography (Fig. 6); occlusal radiography (Fig. 7). 
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Figure 4. Bisecting angle technique   Figure 5. Paralleling technique 

 

         

Figure 6. Occlusal radiography     Figure 7. Bitewing radiography 

 

In bisecting angle technique the X-ray beam is directed perpendicular to  

an imaginary plane which bisects the angle formed by recording plane of  

an X-ray film and the long axis of the tooth. This technique can be performed 

without the use of film holders, it is quick and comfortable for the patient when  

a rubber dam is in place. But it also has certain disadvantages such as incidences 

of cone cutting, image distortion, superimposition of anatomical structures and 

difficulty to reproduce the periapical films. 

In paralleling technique the X-ray film is placed parallel to the long axis of 

the tooth to be exposed and the X-ray beam is directed perpendicular to the film. 

This technique has advantages such as better accuracy of the image; a reduced 

dose of radiation; reproducibility; better images of bone margins, interproximal 

regions and maxillary molar region. Paralleling technique has also certain 

disadvantages: e. g. it is difficult to use in patients with shallow vault; gag reflex, 

when a rubber dam is in place; extremely long roots; uncooperative patients; tori. 

Bitewing radiographs include the crowns of maxillary and mandibular 

teeth and alveolar crest in the same film. They are reliable methods for  

the estimation of the proximal tooth surfaces before they are detected clinically, 

because these areas are usually not readily assessed visually or tactilely. These 
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are specially important to detect incipient lesions at the contact points.  

In bitewing films, we can also notice height of alveolar crest, cervical margins of 

the restoration, lamina dura and pulp cavity.  

Bitewing radiographs are divided into two types: 

1. Horizontal bitewing films. In this technique, the beam is aligned between 

the teeth parallel to occlusal plane. 

2. Vertical bitewing film. In this technique, the film is oriented vertically so 

as to record more of the root area. It is done in cases of extensive bone loss. 

Bitewing radiographs help in detecting interproximal caries; evaluating 

periodontal conditions and secondary caries under restorations; assessing 

alveolar bone crest and changes in bone height by comparing it with adjacent 

teeth. 

Computed Tomography (CT) in Endodontics (Fig. 8): 

– anatomy of root canals; 

– periapical lesions; 

– root canal relationship with other anatomical structures; 

– identification of errors and complications of endodontic treatment. 

CT — the gold standard for the determination of additional root 

canals! 

 

Figure 8. Cone Beam Computed Tomography (CBCT) 
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CLINICAL MANIFESTATIONS AND TREATMENT OF PULPITIS 

INITIAL (HYPERAEMIA) PULPITIS K04.00 (ICD-10).  

FOCAL REVERSIBLE PULPITIS 

ICD-DA, 1994, WHO. This is the first stage when the pulp is symptomatic. 

There is a sharp hypersensitive response to cold, but the pain subsides when 

stimulus is removed. The patient may describe the symptoms of momentary pain 

and is unable to locate the source of pain. It is one of the earliest forms of 

pulpitis. Vascular dilation occurs artefactually from the pumping action during 

tooth extraction and pathologically as a result of dentinal and pulpal irritation. 

This stage can last for months and years. This is early mild transient pulpitis, 

localized chiefly to the pulpal ends of the irritating dentinal tubules. 

Hyperaemia — initial circulatory disorder, characterized by an increase in 

blood supply to the pulp as a result of the arterioles expansion or difficulty of 

venous outflow. 

Hyperaemia — reversible pulpitis!  

Reversible pulpitis is mild-to-moderate inflammatory condition of the pulp 

caused by noxious stimuli in which the pulp is capable of returning to the normal 

state following the removing of stimuli. 

Reversible pulpitis is an indication of peripheral A delta fiber stimulation. 

The determination of reversibility is the clinical judgment which is influenced by 

history of patient and clinical evaluation. 

Etiology. Pulpal irritation to external stimuli is related to dentin 

permeability. Under normal circumstances, enamel and cementum act as 

impermeable barrier to block the patency of dentinal tubules at dentinoenamel 

junction or dentinocemental junction. When caries and operative procedures 

interrupt this natural barrier, dentinal tubules become permeable. Inflammation 

can be caused by any agent which is capable of injuring pulp. 

Microbial factor: microorganisms and their metabolic products. 

Thermal factors: while tooth preparation with dull bur without coolant; 

keeping bur in contact with teeth too long; overheating during polishing of  

a restoration; large restorations can conduct heat during eating hot food; 

overdrying of dentin. 

Traumatic factors: accident or occlusal trauma. 

Chemical factors: strong irritants (acids, etc.), used in dental procedures; 

sweet or sour foodstuff. 

Galvanic amperages. There are restorations and prosthodontic structures 

made of heterogeneous metals in the oral cavity. 

Complaints. Sensitivity (a transient acute pain) to thermal and chemical 

changes particularly to cold. Pain does not occur spontaneously and does not 

continue when irritant is removed. «Flying», «fulminant» (lasting for 30 

seconds) pain can be present. 

Clinical manifestations. Perhaps (due to the dental history), recently in this 

tooth restoration has been done or trauma occurred. Application of ice/cold 
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fluids results in pain and relief occurs on the removal of the irritant. Response to 

the stimulation by an electric pulp test at a lower level of the current, indicating a 

lower pain threshold (greater sensitivity) than the adjacent tooth. Deep carious 

lesions, large metallic restorations without an adequate base or restoration with 

defective margins show these lesions. Probing of the cavity bottom is painful. 

Premature contact can be present in the tooth with a large restoration. Percussion 

is painless. There are no radiographic changes in the periapical tissues. 

Threshold values of amperage after electric pulp testing are 12–18 uA. 

Histological features. Characteristic dilation of pulp vessels. Edema fluids 

may collect because of the damage to the capillary walls, allowing actual extra 

vacation of RBCs over some diapedisis of WBCs. Thrombosis due to  

the slowing of the blood flow and heamoconcentration due to the transduction of 

fluid from the vessels. Self-strangulation of the pulp may increase due to  

the elevated arterial pressure occluding the veins at the apical foramen.  

The above statement is not correct because the pulp may have several veins and 

arterioles making self-strangulation unlikely. When a necrosed pulp chamber is 

opened, there may be vital tissue in the root canal of some teeth i. e. total 

necrosis does not always occur. Reparative and reactionary dentin may be noted 

in the adjacent dentinal wall. 

Treatment and prognosis. The best treatment of reversible pulpitis is 

prevention. It is a reversible condition, if irritant is removed before severe 

damage of the pulp. No endodontic treatment is needed for this condition. 

Usually, a sedative dressing is placed, followed by a permanent restoration when 

the symptoms completely subside. The carious lesions excised and restored or  

a defective filling replaced as soon as it is discovered. Periodic care to prevent 

caries, desensitization of hypersensitive teeth and the use of cavity varnish or base 

before the insertion of the restoration is recommended. If pain persists despite 

proper treatment, pulpal inflammation should be treated by pulp extirpation. 

Proper observation to ensure that irreversible damage has not occurred.  

If the primary cause is not removed it leads to extensive pulpitis resulting in 

subsequent death of the pulp. Threshold to pain decreases in reversible pulpitis. 

It may be attributed to: 

– release of mediators (endogenous allogenic agents) which initiate or lower 

the threshold of excitability; 

– neuropeptides released from unmyelinated C-fibers mediate neurogenic 

inflammation which results in hyperexcitability of nerve endings. 

ACUTE PULPITIS K04.01 (ICD-10) 

It is a frequent immediate sequla of focal reversible pulpitis, although it 

may also occur as a acute exacerbation of chronic inflammatory process. 

Complaints. In early stages, when inflammation only involves a portion  

i. e. is just beneath the carious lesion, severe pain is elicited by thermal change, 

particularly ice and cold drinks. Occurs in a tooth with large carious lesions or 
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restoration, with recurrent caries. The pain is persisted after the stimulus has 

disappeared or been removed-characteristic feature. In most cases, any type of 

pulpitis exhibited increased sensitivity to both heat and cold so the evaluation 

with this thermal stimulus is not accurate. 

Clinical manifestations. Severity of pain is only partially related to 

severity of inflammatory response. Other factors are presence of drainage, 

patients previous experience, emotions, etc. Pulpal pain is poorly localized and 

can be felt in any of the teeth of upper or lower jaw of the affected side, since  

the pulp of an individual tooth is not represented precisely on the sensory cortex. 

As greater portion of the pulp becomes involved in intrapulpal abscess 

formation, pain becomes more severe described as lancinating/throbbing type. 

The pain lasts for 10–15 min. but may be more/less continuous and its intensity 

may be increased when the patient lies down. The application of heat may cause 

acute exacerbation of the pain. 

Electric pulp testing is positive with a lower level of the current than 

adjacent normal teeth indicating increased sensitivity of the pulp. When necrosis 

occurs, sensitivity is lost. Severe pain also occurs if the opening is not wide. Pain 

is not only due to the pressure caused by lack of drainage of inflammatory 

exudate but also due to the pain producing substances released from 

inflammatory reaction. There is a rapid spread of inflammation throughout  

the pulp with pain and necrosis. Until this inflammation or necrosis reaches 

beyond the root apex the tooth is not sensitive to percussion. On a wide opened 

case no pressure builds up inside the cavity, hence the spread of inflammation is 

not rapid and the pain is dull and throbbing but the tooth is sensitive to thermal 

changes, mobility and sensitivity to percussion are usually absent. In severe 

acute pulpitis the patient is extremely uncomfortable and at least mildly ill and 

apprehensive and seeks immediate dental treatment. 

In acute pulpitis the pain can be described as: 

– acute pain (great, intolerable pain); 

– spontaneous (pain does not depend on the action of external irritants); 

– pain continuous for some time after removing mechanical, chemical, 

thermal irritants; 

– night pain (pain increases in the evening and at night); 

– paroxysmal pain (intensity, duration and frequency of pain and painless 

periods (intermission) depend on the severity of the clinical course of  

the inflammatory process); 

– radiating pain. 

ACUTE PARTIAL PULPITIS (E. M. Gofung, 1928) 

Inflammatory focus is usually localized at the site of a pulp that is closest to 

the bottom of the cavity. Inflammatory process at first begins in the pulp horn, 

later — in the coronal and root pulp. Duration is less than 2 days. 

Complaints. Intensive pain from all kinds of irritants, which gradually 

disappear after their elimination. Pain can be spontaneous. Pain attacks can last 
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for 10–30 minutes, in most cases, less than an hour. After the pain attack there is 

a sufficiently painless period, «light interval», which lasts for several hours. 

Usually the patient correctly points out a causal tooth (there is no irradiation of 

the pain). At night the pain is more intensive. 

Clinical manifestations. During examination — deep carious cavity with  

a great quantity of softened dentin. Often there is a sharp pain during probing  

the bottom of the cavity at a point adjacent to the pulp horn. There is no contact 

with tooth cavity. Percussion is painless. Pain quickly arises from the cold and 

persists after removing irritants. Threshold values of amperage after electric pulp 

testing are 25 uA. There are no radiographic changes in the periapical tissues. 

ACUTE GENERAL PULPITIS (E. M. Gofung, 1928) 

Acute partial pulpitis continues 1–2 days after which the inflammatory 

process extends to the whole coronal and root pulp and is defined as an acute 

general pulpitis. 
Complaints. Prolonged pain attacks with small painless intervals-

intermissions, which last no more than 30–40 minutes. Sometimes the pain does 

not disappear, but only calms down. Persistent night pain with prolonged pain 

from irritants. A patient can not indicate the causative tooth. The pain radiating 

along the branches of the trigeminal nerve. The total health is impared: 

efficiency and attention are reduced. The duration of the pain is from 2 to  

14 days. 

Clinical manifestations. During examination — deep carious cavity with 

softened dentin. There is a sharp pain during probing the bottom of the cavity. 

There is no contact with tooth cavity. It can be a slight pain after vertical 

percussion. Pain quickly arises from the cold and persists after removing 

irritants. Threshold values of amperage after electric pulp testing are 30–40 uA. 

There are no radiographic changes in the periapical tissues. 

Pain irradiates. Pulpitis in teeth of the upper jaw — in the temple; 

superciliary and zygomatic regions; in the teeth of the lower jaw. Pulpitis in 

teeth of the lower jaw — in occiput; ear; submandibular region; in the temple; in 

teeth of the upper jaw. Pulpitis in frontal teeth — pain irradiates to the opposite 

side of the jaw. 

Histologic features. Early acute pulpitis characterized by continued 

vascular dilation seen in focal reversible pulpitis, accompanied by  

the accumulation of edema fluid in the connective tissue surrounding the tiny 

blood vessels. PMNLs rapidly migrate through the endothelium lined structures 

in increasing numbers. Great collection of WBCs especially beneath the area of 

carious penetration. By this stage the odontoblast in this area have usually been 

destroyed. In early stages, PMNLs are confined to a localized area and  

the remainder of the pulp is relatively normal. The rise in pressure in the pulp 

associated with an inflammatory exudate causes the local collapse of the venous 

part of the circulation. This leads to local tissue hypoxia and anoxia which in 
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turn may lead to the localized destruction of the pulp and the formation of small 

abscess known as pulp abscess which contains puss (breakdown of leukocytes + 

bacteria + digested tissue). This necrotic zone also contains PMNLs and 

histiocytes. The abscess formation is due to the entrance of the pulp is tiny and 

lack of drainage. The chemical mediators from necrotic tissue lead to further 

inflammation and edema. 

HGF (hepatocyte growth factor) is present during acute inflammation of  

the pulp, which is a multi-functional cytokine, mediates epithelial mesenchymal 

interaction and is involved in the development and regeneration of various 

tissues including teeth. Interleukin-8 level in exudate of acute pulpitis is higher 

than that in chronic pulpitis. In some cases, within a few days acute 

inflammatory process spreads to the entire pulp so that neutrophilic leukocytes 

fill the pulp. The entire odontoblast layer degenerates. If the pulp is closed,  

the entire pulp tissue undergoes rapid disintegration due to pressure. Numerous 

small abscesses may form and then the entire pulp undergoes liquefaction 

necrosis, this is referred to as acute suppurative pulpitis. In later stages of 

pulpitis, the pulp contains a large number of bacteria of mixed population 

especially those found in a normal oral cavity. 

Treatment and prognosis. No successful treatment that is capable of 

preserving the pulp. Once pulpitis occurs the damage is irreparable. Rarely, acute 

pulpitis with an open cavity becomes quiescent and enters a chronic state. This 

occurs in patients having high tissue resistance or in case of infection with low 

virulent microbes. At the very early stage involving a limited area, calcium 

hydroxide pulpotomy can be done. In acute pulpitis the usual treatment is 

pulpectomy. Initial opening of pulp without LA results in immediate pain relief. 

A drop of yellowish fluid frequently escapes from the lesion.  

Acute pulpitis. Differential diagnosis with: 

– initial pulpitis (hyperaemia); 

– chronic, hyperplastic pulpitis, papillitis [pulpal polyp]; 

– acute apical periodontitis; 

– trigeminal neuralgia; 

– sinusitis; 

– alveolar pain (alveolitis). 

Acute pulpitis (unlike Hyperaemia):  

– spontaneous, paroxysmal, irradiating pain increased in the evening and at 

night;  

– a continuous pain reaction to all kinds of irritants. 

Papillitis: 

– edematous, hyperemic, painful and bleeding on probing gingival papilla; 

– there are no clinical featuters of pulpitis, if carious cavity is present. 

Acute apical periodontitis. Constant aching pain, sharp pain on biting.  

The pain is localized, a patient accurately indicates the causative tooth. Probing 

the bottom of the tooth cavity is painless. Percussion is sharply painful. 

Hyperemia and swelling of transitional fold. Palpation in the projection of  
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the root apex is painful. There are no reactions to temperature irritants. Threshold 

values of amperage after the electric pulp testing are more than 100 uA. 

Trigeminal neuralgia. A sharp paroxysmal, irradiating pain, associated 

with eating, talking and touching of the face skin. There is no pain at night. Pain 

may occur when a patient touches the specific area of the face («trigger zone»). 

Teeth can be intact. A consultation and treatment by a neurologist! 

Sinusitis. Impairment of general condition, fever, headache. Difficulty in 

nasal breathing, excretion of purulent exudate. Heaviness and distension in  

the maxillary sinus (especially when the head is tilted forward). A typical X-ray 

picture of paranasal sinuses. Consultation and treatment by a doctor 

otolaryngologist! 

Alveolitis. Recently the tooth has been extracted. There is no blood clot in 

alveolus (alveolar walls are covered with grey plaque with a characteristic putrid 

odor). Palpation in alveolus is painful. Consultation and treatment by a dental 

surgeon! 

Acute partial pulpitis. There is no irradiating pain. Pain attack is always 

less prolonged than a painless period. 

Acute general pulpitis. Percussion is painful. 

SUPPURATIVE (PULPAL ABSCESS) PULPITIS K04.02 (ICD-10).  

ACUTE PURULENT PULPITIS (E. M. Gofung, 1928) 

Acute suppurative pulpitis usually develops from acute pulpitis and 

indicates the formation of an abscess. 

Complaints. Continuous spontaneous tearing pulsating pain with  

the tendency to strengthening. During a very short period of intermission, pain 

does not calm down, but is only slightly weakened. A pain attack can last from 

several hours to days. A pain reaction, rapidly emerging from the hot and 

persisting after stimulus removing. A pain reduction from the cold. Touching  

the aching tooth can cause pain. Total health can be impaired: efficiency and 

attention are reduced. 

Clinical manifestations. During examination — a deep carious cavity with 

a great quantity of softened dentin. There is a mild pain during probing  

the bottom of the cavity. The bottom of the cavity is easily perforated with  

the probe or sharp excavator; a drop of purulent exudate appears from the tooth 

cavity; then the pain gradually calms down, pulsation stops. Percussion is 

painful. Palpation in the projection of the root apex is painless. Threshold values 

of amperage after electric pulp testing are 30–60 uA. There are no radiographic 

changes in the periapical tissues. 

Acute purulent pulpitis. Differential diagnosis with acute pulpitis, acute 

purulent apical periodontitis. 

Acute purulent pulpitis (unlike acute pulpitis). Pain increases from  

the hot and decreases from the cold. Intensity and duration of pain attacks are 

more severe. Probing the bottom of the cavity is less painful or painless. Opening 
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of the tooth cavity and purulent exudate excretion is often during probing. 

Percussion is painful. A patient can feel fever, weakness and fatigue. 

Acute purulent apical periodontitis. Constant tearing pain, severe pain on 

biting, feeling the «grown up» tooth. The patient accurately indicates the causal 

tooth. Percussion is very painful. Changes in the oral mucosa in the region of 

causal tooth can be present; hyperemia and swelling of the transitional fold. 

CHRONIC PULPITIS K04.03 (ICD-10). CHRONIC FIBROUS (SIMPLE) PULPITIS  

(E. M. Gofung, 1928) 

It is an inflammatory response of pulpal connective tissue to an irritant. 

Pain is absent because of diminished exudative inflammatory activity and 

corresponding decrease in intrapulpal pressure to a point below threshold limits 

of pain receptors. Chronic pulpitis may arise through quiescence of previous 

acute pulpitis, but more frequently chronic type of disease from the onset. Signs 

and symptoms are milder than acute. Two types — open and closed. Another 

form is chronic hyperplastic pulpitis. 

Complaints. Pain is not a prominent feature of chronic pulpitis, but 

sometimes the patient complains of mild, dull ache more intermittent than 

continuous. Aching pain to all kinds of irritants (especially, temperature), slowly 

disappearing after their removing. Aching pain in the tooth when the temperature 

changes. Possibly, asymptomatic course of the disease. 

Clinical manifestations. The reaction to thermal changes is more reduced 

than acute. A pulp vitality test threshold is more increased in a chronic than an 

acute form because of the degeneration of the nerve tissues. The general features 

are not distinctive and serious. Chronic pulpitis with wide opening and with 

exposure is less painful. The exposed pulp is bleeding but pain is usually not 

present. Pulp may become totally necrotic without pain. During examination — 

deep carious cavity with softened dentin. Probing the bottom of the cavity is 

painful in one point. There is no contact with a tooth cavity. If the tooth cavity is 

opened during the preparation or probing, the pulp bleeds and its probing is 

painful. Percussion is painless. Palpation in the projection of the root apex is 

painless. Threshold values of amperage after electric pulp testing are 40–60 uA. 

There are no radiographic changes in the periapical tissues. On X-ray  

the expansion of the periodontal gap or foci of the bone loss in the root apex can 

be identified. 

Histologic features. Characterized by infiltration of the pulp tissues by 

varying number of mononuclear cells mainly lymphocytes and plasma cells and 

more vigorous connective tissue reaction. Bacterial products may act as antigen, 

the dentritic cells of the pulp capture these antigens, migrate to lymph nodes and 

expose them to lymphocytes. These activated T-cells then leave the lymph node 

and reach the pulp. Capillaries are prominent, fibroblastic activity is evident and 

collagen fibers seen often bundles. Sometimes infection to the pulp is prevented 

by the deposition of collagen around the inflamed area by the pulp, this tissue 
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reaction resembles granulation tissue formation. If this reaction occurs on  

the surface of the pulp tissue in a wide open exposure, it is known as ulcerative 

pulpitis. Microbes may be found on the pulp tissues, in the area of exposure.  

A pulp abscess may become quiescent and be surrounded by a fibrous 

connective tissue wall, which is known as pyogenic membrane. After a long 

period the pulp is involved entirely by the chronic inflammatory process with 

few clinical symptoms. 

Treatment and prognosis: root canal therapy or extraction of the tooth. 

Chronic pulpitis. Differential diagnosis with: dentin caries, chronic 

ulcerative pulpitis, chronic apical periodontitis. 

Dentin caries and chronic pulpitis. A pain reaction on all kinds of stimuli 

(especially temperature). 

Dentin caries. Pain disappears after stimulus removing. 

Chronic pulpitis. Constant aching pain persists for a certain time. 

Chronic pulpitis and chronic ulcerative pulpitis: the possibility of 

asymptomatic course; a painful reaction on the stimuli is saved for a certain time. 

Chronic pulpitis. During probing, there is no connection between carious 

cavity and tooth cavity. Probing the bottom of the cavity is painful in one point. 

Opening during the preparation of the pulp is sharply painful, it bleeds. 

Chronic ulcerative pulpitis .During probing, there is connection between 

carious cavity and tooth cavity. There is an intense or mild pain during probing. 

The surface of the pulp during probing is ulcerative, bleeding and can be covered 

with a layer of necrotic plaque, which has an unpleasant decay smell.  

Chronic pulpitis and chronic apical periodontitis. Possibly, 

asymptomatic course of the disease.  

Chronic apical periodontitis. There are no complaints on pain from all 

kinds of stimuli. There is no reaction on temperature stimuli. Probing is painless. 

Using endodontic instrument in the root canal is painless. Changes in the oral 

mucosa in the region of causal tooth can be present (swelling, fistula). Threshold 

values of amperage after electric pulp testing are more than 100 uA. On X-ray 

there are expansion of periodontal gap or destructive changes in the root apex. 

CHRONIC, ULCERATIVE PULPITIS K04.04 (ICD 10) 

Complaints. Possibly, asymptomatic course of the disease. Aching pain in 

the tooth on all kinds of stimuli, slowly disappearing after their removal. 

Clinical manifestations. During examination — deep carious cavity with 

softened dentin. During probing, there is connection between a carious cavity 

and a tooth cavity. The surface of the pulp during probing is ulcerative, bleeding 

and can be covered with a layer of necrotic plaque, which has an unpleasant 

decay smell. There is an intense or mild pain during probing. Percussion is 

painless. Low response on heat and cold. Palpation of the transitional fold in  

the projection of root apex is painless. Threshold values of amperage after 

electric pulp testing are 60–90 uA. There are no radiographic changes in  
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the periapical tissues. On X-ray the expansion of periodontal gap or foci of  

the bone loss in the root apex can be identified. 

Chronic, ulcerative pulpitis. Differential diagnosis with: chronic pulpitis, 

necrosis of pulp (pulpal gangrene), chronic apical periodontitis. 

Necrosis of pulp. Complaints on the increased pain from hot irritants. 

Specific putrid smell. Probing coronal pulp is painless. Mild pain during deep 

probing (in the root canals). Percussion can be painful. 

Chronic ulcerative pulpitis and chronic apical periodontitis. Possibly, 

asymptomatic course of the disease.  

Chronic apical periodontitis. There are no complaints on pain from all 

kinds of stimuli. There is no reaction on temperature stimuli. Probing is painless. 

Using endodontic instrument in the root canal is painless. Changes in the oral 

mucosa in the region of causal tooth can present (swelling, fistula). Threshold 

values of amperage after electric pulp testing are more than 100 uA. On X-ray 

there are expansion of periodontal gap or destructive changes in the root apex. 

CHRONIC, HYPERPLASTIC (PULPAL POLYP) PULPITIS K04.05 (ICD-10). 

CHRONIC HYPERTROPHIC PULPITIS (E. M. Gofung, 1928) 

This is a unique form where the inflamed pulp with continued suppuration 

reacts by excessive and exuberant proliferation. It occurs either as a chronic 

lesion from the onset or as a chronic stage of previously acute pulpitis. Aching 

pain in the tooth occurs from different irritants. There is a soft tissue in a carious 

cavity («wild meat»). Pain in the tooth can be only during chewing. If there is no 

pain during chewing, bleeding can be present. 

Complaints. Mild reaction to temperature irritants. 

Clinical manifestations. It occurs exclusively in children and young adults 

who possess a high degree of tissue resistance and reactivity and readily respond 

to proliferative lesions. It involves the teeth with large, open carious lesion. Pulp 

appears as a pinkish-red globule of tissue protruding from the pulp chamber and 

not only filling the caries defect but also extending beyond. The hyperplastic 

tissue contains few nerves, so it is insensitive to manipulation. The lesion may or 

may not bleed readily, depending upon the degree of vascularity of the tissue and 

epithelialization. Teeth commonly involved are deciduous molars and first 

permanent molars, these have excellent blood supply because of the large root 

opening and coupled with high tissue resistance and reactivity in young persons 

result in the proliferation of the pulp. Sometimes gingival polyp, i.e. gingival 

tissue proliferation adjacent to breakdown or carious tooth may proliferate into 

the carious lesion and resemble hyperplastic pulpitis. If a pulp polyp is not 

formed, there is a granulation, painless and easily bleeding tissue in the carious 

cavity. If a pulp polyp is formed, there is a tumor, thick, pale pink formation, 

which is painless on probing and does not bleed. Palpation in the projection of 

the root apex is painless. Threshold values of amperage after electric pulp testing 

are 50–70 uA. Percussion is painless. There are no radiographic changes in 

periapical tissues. 
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Histologic features. Hyperplastic tissue is basically granulation tissue 

made up of delicate connective tissue fibers interspersed with variable small 

capillaries. Inflammatory cell infiltration is common. In some cases there are 

fibroblasts and endothelial cells, proliferation is prominent. This granulation 

tissue is commonly epithelialized as a result of implantation of epithelial cells on 

the surface. This epithelium is stratified as squamous and closely resembles oral 

mucosa. These are desquamated cells carried to the surface of the polyp by 

saliva, which have lost their dividing capacity. Desquamated cells are also from 

the basal cell layer released by trauma or from gingival sulcus, which have  

the dividing capacity. In some cases, buccal mucosa may rub against polyp and 

epithelial cells transplanted directly. Epithelialization of polyp is more frequently 

seen in deciduous than permanent teeth. The tissue reaction in this pulpitis is 

inflammatory hyperplasia. Organization of the tissues leads to decreased 

vascularity and increased fibrosis. 

Treatment and prognosis. The condition is not reversible. The treatment is 

root canal therapy or extraction.  

Chronic, hyperplastic pulpitis. Differential diagnosis with proliferation of 

gingival papilla, proliferation of granulation tissue from roots bifurcation 

(trifurcation). 

The sharp edges of carious cavity for a long period of time traumatize  

the gingival papilla, which results in its proliferation. To clarify the diagnosis, 

the probe is used for displacing the gingival papilla and its removing from  

the carious cavity. 

Proliferation of granulation tissue from roots furcation. Perforation of  

the tooth cavity bottom. Severe bleeding on probing. There is a mild pain on 

probing. On X-ray there is a bone loss in tooth furcation; possible, changes in  

the periapical tissues. 

NECROSIS OF PULP (PULPAL GANGRENE) K04.1 (ICD-10). CHRONIC 

GANGRENOUS PULPITIS (E. M. Gofung, 1928) 

Untreated pulpitis, either acute or chronic, results in complete necrosis of 

the pulp tissues. The pulpal tissue becomes dead and if the condition is not 

treated, noxious materials will leak from pulp space forming the lesion of 

endodontic origin. Gangrene is the necrosis of the tissue due to ischemia with 

superimposed bacterial infection. The pulpitis associated with bacterial infection 

is called pulp gangrene. It is associated with a foul odor when opened for 

endodontic treatment. It is the end result of pulpitis in which total necrosis of 

tissue occurs. Necrosis of the pulp occurs in sickle cell anemia where there is 

blockage of pulp microcirculation by sickle erythrocytes. Sometimes dry 

gangrene of pulp occurs i. e. nonpurulent nonvital pulp due to traumatic injury or 

infarct. 

Necrosis may be partial or total, depending on extent of the pulp tissue 

involvement. The pulp necrosis is of two types. 



33 

Coagulation (dry) necrosis. Protoplasm of all cells becomes fixed and 

opaque. Cell mass is recognizable histologically, intracellular details lost. 

Circulatory disorders, as a result of trauma, cause coagulation necrosis. 

Liquefaction (wet) necrosis. The entire cell outline is lost. The liquefied 

area is surrounded by a dense zone of PMNL (dead or drying), chronic 

inflammatory cells. Bacteria and their toxins cause liquefaction necrosis. 

Clinical manifestations 

Coagulation (dry) necrosis. Typical clinical picture, when injury is  

the main cause of pulp necrosis. Tooth is intact. There are no pathological 

features. Tooth discoloration. Of dental history: injury in causal tooth, which 

could be many years ago. There is a slowly occurring and gradually disappearing 

pain on temperature stimuli (especially on heat). Percussion can be painful. 

Palpation in the projection of the root apex is painless. During endodontic 

treatment all pulp is removed from the root canal as a dry cord. Threshold values 

of amperage after electric pulp testing are 60–80 uA. On X-ray the expansion of 

periodontal gap or foci of bone loss with fuzzy contours in the root apex can be 

identified. 

Liquefaction (wet) necrosis. Long aching pain from different types of 

stimuli, persisting after their removal. Sometimes there are no complaints on 

pain. There is a slowly occurring and gradually disappearing pain on temperature 

stimuli (especially on heat). There are complaints on halitosis. Of dental history: 

earlier, there was a pain in the causal tooth. Deep carious cavity with wide 

connection with the tooth cavity. There is tooth discoloration (tooth has a gray 

shade). The objective data depend on the degree of the pulp damage.  

In the initial stages of pulp necrosis. Probing of coronal pulp is painful. 

There is a slightly bleeding from the pulp. This stage of the pathological process 

corresponds to the «chronic ulcerative pulpitis». 

In the final stages of the pulp necrosis. A complete decay of the coronal 

pulp may occur (the pulp is «dirty», dark brown in color, has pappy consistency 

and fetid smell. Probing of coronal pulp is painless. All root pulp or its part is 

viable. Deep probing in the root canals is painful. Percussion can be painful. 

Palpation in the projection of the root apex is painless. Threshold values of 

amperage after electric pulp testing are less than 100 uA. On X-ray the expansion 

of periodontal gap or foci of bone loss with fuzzy contours in the root apex can 

be identified. 

Necrosis of pulp. Differential diagnosis with chronic ulcerative pulpitis, 

chronic apical periodontitis. 

Chronic apical periodontitis. There are no complaints on pain from all 

kinds of stimuli. There is no reaction on temperature stimuli. Probing is painless. 

Using endodontic instrument in the root canal is painless. Changes in the oral 

mucosa in the region of causal tooth can present (swelling, fistula). Threshold 

values of amperage after electric pulp testing are more than 100 uA. On X-ray 

there are expansions of periodontal the gap or destructive changes in the root 

apex. 
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Chapter 2 

APICAL PERIODONTITIS 
 

The periodontium comprises the root cementum, the periodontal ligament 

and the alveolar bone. The apical periodontium is that part of the periodontium 

which surrounds the root apex. 

The cementum and bone are composed of about 65 % of inorganic material 

(hydroxyapatite), 12 % of water. The organic matrix consists of 20 % of collagen 

and 3 % of noncollagenous proteins. Cementum covers the root surfaces of  

the teeth. It is avascular, without innervations and does not normally undergo 

remodeling. In apical periodontium, the cementum is cellular with cementocytes 

in lacunae and canaliculi.  

The alveolar bone lines the sockets of the teeth. It is compact and may appear 

radiographically as a radiopaque narrow zone, the lamina dura. The alveolar 

bone is perforated by a large number of blood vessels; osteocytes are embedded 

in lacunae and canaliculi. Toward the periodontal ligament, the bone is covered 

by unmineralized osteoid and the bone-forming cells, osteoblasts. 

Periodontal ligament is a unmineralized dense connective tissue that fills 

the space between the cement of the tooth root and alveolar bone. It contains 

many collagen fibers arranged at an angle between the root cement and alveolar 

bone. At the apex of the tooth, fibers diverge radially from the root surface and 

woven into the surrounding bone. 

Periodontal ligament has a rich blood supply. The main source of blood 

supply is alveolar artery. Individual branches reaching apical periodontium rise 

coronally before penetrating into the dental pulp, while gingival arterioles 

penetrate into the periodontal ligament extending in the apical direction.  

In addition, a large number of vessels in the periodontal ligament penetrate 

through the bone hole. Thus, in contrast to the dental pulp, periodontium has  

a rich collateral circulation. The capillary network is also well developed.  

It is more pronounced in the bone tissue, rather than at the root surface. Near  

the vessels are lymph capillaries that carry lymph to the regional lymph nodes. 

Nerve trunks in the periodontium are located along blood vessels. Among the 

nerve endings are found both myelinated and unmyelinated. A sensitive closure 

system includes the trigeminal nerve. The nerve endings are proprioceptors and 

pain receptors that respond to the slightest changes in tissue pressure. 

The apical periodontium contains several cell types: cementoblasts, 

fibroblasts, mast cells, macrophages, osteoblasts, osteoclasts, clusters of 

epithelial cells. 

Apical periodontitis is inflammation and destruction of periradicular tissues 

caused by etiological agents of endodontic origin. It is generally a sequel to 

endodontic infection (Fig. 9). 

Periapical periodontitis (also termed apical periodontitis, AP, or periradicular 

peridontitis) is an acute or chronic inflammatory lesion around the apex of  
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a tooth root which is caused by bacterial invasion of the pulp of the tooth.  

The term is derived from peri- meaning «around», apical referring to the apex of 

the root (the tip of the root), and -itis meaning a disease characterized by 

inflammation. Periapical periodontitis can be considered a sequela in the natural 

history of dental caries (tooth decay), irreversible pulpitis and pulpal necrosis, 

since it is the likely outcome of untreated dental caries. Periapical periodontitis 

may develop into a periapical abscess, where a collection of pus forms at the end 

of the root, the consequence of spread of infection from the tooth pulp 

(odontogenic infection), or into a periapical cyst, where an epithelial-lined, fluid-

filled structure forms. 

 

Figure 9. Tooth with nonvital pulp with periapical abscess  

(adapted from http://irvinerootcanalspecialist.com/) 

 

APICAL PERIODONTITIS ETIOLOGY 

 

Apical periodontitis can be caused by both exogenous end endogenous 

factors. The 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. 

Trauma, any direct blow to the tooth, can sometimes cause the pulp of  

the tooth to die and it may become infected by bacteria from the gum margins 

leading to apical periodontitis. A sudden bite on a hard object, undue pressure 

during orthodontic treatment or a filling, that is high, can sometimes cause acute 

periodontitis, though usually short-lived. 

Pulpitis, pulp necrosis, infection of the root canal, iatrogenic factors can 

lead to the development of apical periodontitis.  

Pulpitis can lead to changes in the periapical tissues. Inflammation in dental 

pulp causes dilation of blood vessels, increased vascular permeability with  

the release of fluid from the blood stream into the surrounding tissue. In most 
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cases, the lymph and blood vessels of healthy tissues provide a full evacuation of 

excess fluid. However, in case of damage to these compensatory mechanisms, 

the tissue pressure increases with the development of clinical signs of apical 

periodontitis. 

A tooth cavity and root canals in the teeth with necrotic pulp are filled with 

dead cells, tissue fluid and tissue decay, the components of which have  

a cytotoxic effect. It was assumed that the presence of necrotic tissue inside  

the tooth cavity is one of the main etiological factors of apical periodontitis. 

However, today it is proved that the development of pronounced changes with 

periapical bone resorption and periapical granulomas formation occurs only in 

the case of penetration of the root canal of alien chemicals and proteins. This is 

due to the fact that the necrotic tissue decreases only a weak chemotactic activity 

in serum due to a weak immunogenic potential. Clinically benign course of the 

process is shown as lack of radiographic signs of inflammation in the absence of 

microbial contamination of necrotic tissue. 

The development of periodontal bone resorption occurs only in case of  

the penetration of microorganisms into the necrotic pulpal tissue. The opening of 

the pulp chamber leads to infection of the tooth pulp and root canals. Anaerobic 

microflora predominates in root canals. If the entrance to the root canal is closed, 

the selective growth of anaerobic microflora begins. Anaerobic microorganisms 

comprise 50 % of microflora in 7 days. The term «root canal infection» refers to 

microbial contamination of the main canal, lateral canals, deltoid branches and 

dentinal tubules. More than 500 different microbial strains are present in  

the mouth. However, no more than 10 cultured strains are typically present in 

root canals.  

The main species of microorganisms involved in the development of 

endodontic pathology (anaerobes, facultative forms and aerobes): 

‒ Veillonella; 

‒ Bacteroides; 

‒ Campylobacter; 

‒ Fusobacterium; 

‒ Porphyromonas; 

‒ Prevotella; 

‒ Wolinella; 

‒ Selenomonas; 

‒ Mitsuokella; 

‒ Treponema; 

‒ Gemella; 

‒ Peptostreptococcus; 

‒ Eqqerthella; 

‒ Eubacterium; 

‒ Bifidobacterium; 

‒ Actinomyces; 

‒ Propionibacterium; 
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‒ Neisseria; 

‒ Eikenetia; 

‒ Capnocytophaga; 

‒ Acunobacillus; 

‒ E. coli; 

‒ Enterobacter; 

‒ Klebsiella; 

‒ Serratia; 

‒ Proteus; 

‒ Pseudomonas; 

‒ Streptococcus; 

‒ Staphylococcus; 

‒ Enterococcus; 

‒ Actinomyces; 

‒ Lactobacillus; 

‒ Propionibacterium; 

‒ Bacillus; 

‒ Corynebacterium. 

The so-called «red complex» (B. forsythus, P. gingivalis and T. dentikola) 

is found in 40 % of root canals. In the development of the disease, the «orange 

complex» plays a significant role. It includes Campylobacter rectus, S. showae, 

Eubakterium nodatum, Fusobacterium nucleatum, P. intermedia, P. micros and 

P. nigrescens. The third group includes actinomycetes, whereas the fourth one 

consists of Capnocytophaga, A. actinomycetemcomitans, Eikenella corrodens 

and Campylobacter concisus. Streptococci form the fifth group, whereas  

the sixth group is formed by Veyllonella parvula and Actinomyces 

odontolyticus. Often, the microorganisms can be detected in the root sealed 

canals with signs of apical periodontitis following a poor quality endodontic 

treatment (Fig. 10). 

Development of periapical inflammation can be due to the influence of 

iatrogenic factors such as instrumental and pharmacological treatment of canals, 

as well as the use of different filling materials. However, bacteria can be present 

in the canal and enter it during endodontic treatment. Thus, there is no doubt that 

many of the complications that were previously considered as a result of 

iatrogenic injury are actually the result of infection. After extirpation of the pulp, 

an open wound surface remains in the apical foramen. The inflammatory reaction 

is the first phase of a defensive reaction. The complete regeneration is formed in 

3–4 weeks. Intensity of tissue reactions that occur in response to the canal 

processing tool will depend on the degree of damage. Thus, the output of the tool 

beyond the apical foramen with rupture and injury to periapical tissues can lead 

to the development of acute apical periodontitis. Complete regeneration takes 

place in the absence of a bacterial factor. Penetration of infected endodontic 

instruments beyond the apical foramen leads to the spread of infection, bone 

resorption, proliferation of epithelial cells with cyst formation.  
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Figure 10.  Ultrastructural  Examination of Failed Molar Retreatment with Secondary Apical 

Periodontitis: An Examination of Endodontic Biofilms in an Endodontic Retreatment Failure 

(Adapt. from G. B. Carr et al., 2009) 

 

APICAL PERIODONTITIS PATHOGENESIS 

 

Apical periodontitis may 

be acute (symptomatic) or 

chronic (asymptomatic).  

The pathogenesis of apical 

periodontitis involves  

an encounter at the periapex 

between the microbial and 

host factors (Fig. 11). 

The inflammation of 

periapical tissues is induced 

by microorganisms residing 

in the apical root canal, 

accidental trauma, injury 

from instrumentation, or 

irritation from chemicals and 

endodontic materials. Each 

of the factors can provoke  

an intense tissue response of 

short duration. The tissue 

«Apical periodontitis — a great battle» 

Figure 11. Pathogenesis of apical periodontitis 
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response is limited to the apical periodontal ligament and the neighboring 

spongiosa. The result of a typical neurovascular response of inflammation is 

hyperemia, vascular congestion, edema of the periodontal ligament, and 

extravasation of neutrophils. The latter are attracted to the area by chemotaxis, 

induced initially by tissue injury, bacterial products (LPS), and complement-

factor C5a. The integrity of bone, cementum, and dentin has not yet been 

disturbed. If non-infectious irritants induced the inflammation, the lesion may 

resolve, and the structure of the apical periodontium may be restored. 

When infection is involved, the neutrophils fight the microorganisms and 

release leukotrienes and prostaglandins. Neutrophils and macrophages are 

attracted into the area, and osteoclasts become activated. In a few days time,  

the bone surrounding the periapex can be resorbed. Neutrophils die at  

the inflammatory site and release enzymes from their cytoplasmic granules that 

cause destruction of the extracellular matrices and cells. The self-induced 

destruction of the tissues prevents the spread of the infection to the other parts of 

the body and provides space for the infiltration of specialized defense cells. 

During the acute phase, macrophages also appear at the periapex. Activated 

macrophages produce a variety of mediators, among which the pro-inflammatory 

(IL-1, IL-6, and TNF-α) and chemotactic (IL-8) cytokines are of particular 

importance. These cytokines intensify the local vascular response, osteoclastic 

bone resorption, and degradation of the extracellular matrices. 

The possible outcomes of acute primary apical periodontitis are 

spontaneous healing, further intensification and spreading into the bone (alveolar 

abscess), open to the exterior (fistulation or sinus tract formation), or chronic 

apical periodontitis (Fig. 12–18). 

 

Figure 12. Pathogenesis of acute (a, b), chronic (c), and cystic (d, e) apical periodontitis (AP) 

lesions. The acute lesion may be primary (a) or secondary (b), and is characterized by the presence 

of a focus of neutrophils (PMNs). The major components of chronic lesions (c) are lymphocytes 

(Ly), plasma cells (Pc), and macrophages (Ma). Periapical cysts can be differentiated into true 

cysts (d), with completely enclosed lamina, and pocket cysts (e), with cavities open to the root 

canal.  Arrows  indicate the direction in which the lesions can change (adapt. from Nair, 1998) 
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Figure 13. The periapical abscess formation; the line marks the length of the inflammatory 

focus: 

1 — root of the tooth; 2 — periodontal ligament; 3 — inflammatory focus.  

Magnifications ×200. Coloring: hematoxylin and eosin 

 

a       b 
Figure 14. Resorption of the alveolar bone and hard tissues of the tooth root due to acute 

apical periodontitis:  

а — resorption of cement and dentin of the tooth root; b — resorption of the alveolar bone in 

the interdental septum; 1 — cement of the tooth root; 2 — dentin of the tooth root; 3 — root 

canal; 4 — periodontal ligament; 5 — alveolar bone; 6 — cement-dentin resorption; 7 — 

TRAP-positive  cells  (osteoclasts);  8 — periapical  abscess.  Magnifications  ×200. Coloring: 

hematoxylin and TRAP-reaction 
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1 
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4 
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Figure 15. Chronic apical periodontitis (apical granuloma); the line marks the length of  

the inflammatory focus: 

1 — cement of the tooth root; 2 — apical foramen; 3 — periodontal ligament; 4 — 

inflammatory focus. Magnifications ×200. Coloring: hematoxylin and eosin 

 

 

Figure 16. Radicular cyst: 

1 — root of the tooth; 2 — periodontal 

ligament; 3 — the contents of the cyst;  

4 — cyst membrane; 5 — epithelial rests 

of    Malassez.     Magnifications     ×200.  

Coloring: hematoxylin and eosin 

 
Figure 17. Alveolar bone resorption, 

osteoclasts are indicated by arrows. 

Magnifications ×1000. Coloring: hematoxylin 

and eosin 
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Figure 18. Complex granuloma: 

a — general view of the pathological formation, b — epithelial cells:  

1 — cement of the tooth root; 2 — dentin of the tooth root; 3 — periodontal ligament. 

Magnifications a — ×200; b — ×400. Coloring: hematoxylin and eosin 

 

CLASSIFICATION OF APICAL PERIODONTITIS 
 

The type of periapical periodontitis is usually classified according to 

whether it is an acute/symptomatic process or a chronic/asymptomatic process. 

Acute periapical periodontitis, also termed acute apical periodontitis, acute 

periradicular periodontitis, or symptomatic periapical periodontitis. 

Chronic periapical periodontitis, also termed chronic apical periodontitis, 

chronic periradicular periodontitis, or assymptomatic periapical periodontitis. 

A periapical granuloma (also termed an apical granuloma or a radicular 

granuloma) is a mass of chronically inflamed granulation tissue that forms at  

the apex of the root of a nonvital (dead) tooth. However, a periapical granuloma 

does not contain granulomatous inflammation, and, therefore, is not a true 

granuloma, but the term periapical granuloma is in common use. 

A relatively high incidence of periodontitis and serious difficulties of its 

diagnosis and treatment is especially necessary to develop a common 

classification. Even the classification of periodontitis proposed in the XIX 

century was based mainly on clinical signs. In 1891, O. K. Limberg systematized 

clinical signs of inflammation of the periodontium and proposed a classification. 

In 1924, E. M. Gofung proposed a clinical and anatomical classification, 

which reflected localization and pathological changes in case of periodontal 

inflammation. The author has divided the processes that occur in  

the periodontium into acute and chronic. 
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I. Acute periodontitis. 

1. Acute marginal periodontitis. 

2. Acute apical periodontitis. 

3. Acute diffuse periodontitis. 

II. Chronic periodontitis. 

1. Chronic fibrotic periodontitis. 

2. Chronic granulomatous periodontitis. 

3. Chronic granulating periodontitis. 

However, the classification proposed in the early XX century  

incompletely revealed clinical features. I. G. Lukomski (1937) investigated  

the pathophysiological and pathomorphological changes in the periodontium in 

case of inflammation and proposed the classification that is now common in 

clinical practice. It allows a more detailed diagnosis of all forms of periodontitis 

and implement differential therapeutic measures. According to this classification, 

periodontitis is divided into 3 main groups: 

I. Acute periodontitis (periodontitis acuta). 

1. Acute serous periodontitis (periodontitis acuta serosa). 

2. Acute suppurative periodontitis (periodontitis acuta purulenta). 

II. Chronic periodontitis (periodontitis chronica). 

1. Chronic fibrotic periodontitis (periodontitis chronica fibrosa). 

2. Chronic granulomatous periodontitis (periodontitis chronica granulo-

matosa). 

3. Chronic granulating periodontitis (periodontitis chronica granulans). 

III. Exacerbations of chronic periodontitis. 

 

Grossman’s Classification 

1. Acute periradicular diseases: 

a. Acute apical periodontitis: 

– Vital; 

– Nonvital. 

b. Acute alveolar abscess. 

c. Phoenix abscess. 

2. Chronic periradicular diseases with areas of rarefaction: 

a. Chronic apical periodontitis: 

‒ Chronic alveolar abscess; 

‒ Periapical granuloma; 

‒ Cystic apical periodontitis. 

b. Persistent apical periodontitis. 

3. Condensing osteitis. 

4. External root resorption. 

5. Diseases of the periradicular tissues of non-endodontic origin. 
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Ingle’s Classification of Pulpoperiapical Pathosis 

A. Painful Pulpoperiapical Pathosis 

1. Acute apical periodontitis 

2. Advanced apical periodontitis 

a. Acute apical abscess 

b. Phoenix abscess 

c. Suppurative apical periodontitis (chronic apical abscess) 

B. Non-painful Pulpoperiapical Pathosis 

1. Condensing osteitis 

2. Chronic apical periodontitis both incipient and advanced stages 

3. Chronic apical periodontitis 

a. Periapical granuloma 

b. Apical Cyst 

c. Suppurative apical periodontitis 

 

International classification ICD-10 

K04 Diseases of pulp and periapical tissues 

K04.4 Acute apical periodontitis of pulpal origin 

Acute apical periodontitis NOS 

K04.5 Chronic apical periodontitis 

Apical granuloma 

K04.6 Periapical abscess with sinus 

Includes: dental abscess with sinus dentoalveolar abscess with sinus 

periodontal abscess of pulpal origin 

K04.60 Sinus to maxillary antrum 

K04.61 Sinus to nasal cavity 

K04.62 Sinus to oral cavity 

K04.63 Sinus to skin 

K04.69 Periapical abscess with sinus unspecified 

K04.7 Periapical abscess without sinus 

Dental abscess without sinus 

Dentoalveolar abscess without sinus 

Periodontal abscess pulpal origin without sinus 

Periapical abscess with no reference to sinus 

K04.8 Radicular cyst 

 

CLINICAL MANIFESTATION 

ACUTE APICAL PERIODONTITIS OF PULPAL ORIGIN K04.4 (ICD-10) 

Acute periapical periodontitis, also termed acute apical periodontitis, 

acute periradicular periodontitis, or symptomatic periapical periodontitis. 

Apical periodontitis begins with an acute inflammation of the periapical 

tissues. 
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Etiology: occlusal trauma, egress of bacteria from infected pulps, toxins 

from necrotic pulps, chemicals, irrigants or excessive instrumentation in root 

canal therapy. 

Clinical signs: pain, no pulp sensitivity, painful percussion, feeling of 

«grown up» tooth, and the tooth is tender on biting. 

Acute apical periodontitis. Constant aching pain, sharp pain on biting. 

Pain is localized, patient accurately indicates the causative tooth. Probing  

the bottom of tooth cavity is painless. Percussion is sharply painful. Hyperemia 

and swelling of transitional fold. Palpation in the projection of the root apex is 

painful. There are no reactions to temperature irritants. Threshold values of 

amperage after electric pulp testing are more than 100 uA. 

Acute purulent apical periodontitis. Constant tearing pain, severe pain on 

biting, feeling the «grown up» tooth. The patient accurately indicates the causal 

tooth. Percussion is very painful. Changes in the oral mucosa in the region of 

causal tooth can be present; hyperemia and swelling of the transitional fold. 

X-ray picture: widening of the periodontal space, lack of bone resorption in 

the periapical region (Fig. 19). 

 

Figure 19. Radiographic appearance of acute apical periodontitis: widening of the periodontal 

space in the second upper bicuspid (Adapt. from www.cram.com) 

 

The combination of the clinical signs with the destruction of the bone tissue 

at the apex indicates exacerbation of chronic apical periodontitis. 

Treatment: it depends on the final diagnosis; it may range from occlusal 

adjustment to root canal therapy or extraction. The basic principles: elimination 

of the pathologic stimulus (remove inflamed pulp), the outflow of exudates, 

normalization of occlusion. 

CHRONIC APICAL PERIODONTITIS K04.5 (ICD-10) 

Chronic periapical periodontitis, also termed chronic apical periodontitis, 

chronic periradicular periodontitis, or assymptomatic periapical periodontitis. It 

is a chronic inflammation of the periodontium. 

Etiology. Chronic apical periodontitis occurs as a result of the pulp 

necrosis. 

http://www.cram.com/
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Signs and symptoms: affected teeth do not respond to pulp sensitivity 

tests. Tenderness to biting is usually mild; however some tenderness may be 

noted to palpation over the root apex. Radiographic appearance is varied, ranging 

from minimal widening of the periodontal ligament space to a large area of 

destruction of periapical tissues (Fig. 20). 

 

Figure 20. Periapical granuloma along root of carious molar  

(adapt. from http://www.pathologyoutlines.com) 

 

Possibly, asymptomatic course of the disease. There are no complaints on 

pain from all kinds of stimuli. There is no reaction on temperature stimuli. Using 

of endodontic instrument in the root canal is painless. Changes in the oral 

mucosa in the region of causal tooth can present (swelling, fistula). Threshold 

values of amperage after electric pulp testing are more than 100 uA. On X-ray 

there is expansion of periodontal gap or destructive changes in the root apex. 

Radiology of inflammatory dental granuloma: 

– radiolucent apical/periapical lesion, usually indistinguishable from 

periapical cyst; 

– radiolucent lesions can range from small, barely perceptible lesions to 

lytic lesions >2 cm in diameter and any lesion can be circumscribed or somewhat 

ill-defined; 

– affected teeth typically reveal loss of the apical lamina dura; 

– root resorption is not uncommon; 

– intraosseous fibrous scars are possible, especially when both cortical 

plates have been lost; this can give the appearance of a radiographic persistent 

radiolucent lesion. 

Radiographically detectable lesions at the apical/periapex or lateral region 

in the setting of a root canal treated tooth may have failed to resolve for several 

reasons: 

– residual cyst formation; 

– persistent pulpal infection; 

– extraradicular infection (usually localized periapical actinomycotic 

colonization); 

http://www.pathologyoutlines.com/
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– accumulation of endogenous debris (e. g., cholesterol crystals); 

– periapical foreign material; 

– associated periodontal disease; 

– penetration of the adjacent maxillary sinus; 

– fibrous scar formation. 

All soft tissue removed during periapical surgical procedures should be 

submitted for histopathologic examination as unexpected findings are not rare, 

including neoplasms. 

Treatment: root canal therapy, apex resection, hemisection or extraction. 

PERIAPICAL ABSCESS WITH SINUS K04.6 (ICD-10) 

Sinus (fistula) is a typical sign of this form of disease. 

The fistulous tract is the communication between periodontal abscess and 

oral or facial skin surface. 

The fistulous tract is produced by acute inflammation or exacerbation of 

chronic apical periodontitis. It can also be formed without prior clinical 

manifestations. 

After opening the abscess, fistula may temporarily close and 

epithelialization can occur. 

However, in case of the re-accumulation of fluid in the periapical tissues  

the fistula is reopened. This condition can be asymptomatic and go undetected by 

the patient. When the fistula closes a small scar may remain on the skin or 

mucosa. 

In a chronic apical abscess, the abscess has formed a communication 

through which it discharges. Such communications may be through an intraoral 

sinus (Fig. 21) or, less commonly, extraorally. Alternatively the discharge may 

be along the periodontal ligament; such cases resemble a periodontal pocket. 

Usually these communications or tracts heal spontaneously following root canal 

therapy or extraction. 

        

Figure 21. Pre-operative photograph 

showing three intra-oral sinuses  

(adapt. from R. Gupta, V. Prakash, 2013) 

 Figure 22. Radiograph showing gutta percha 

cones placed through the opening of  

the sinuses (adapt. from R. Gupta,  

V. Prakash, 2013) 
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Symptoms: affected teeth do not respond to pulp sensitivity tests. 

Tenderness to biting is usually mild; however some tenderness may be noted to 

palpation over the root apex. Radiographic appearance is varied, ranging from 

minimal widening of the periodontal ligament space to a large area of destruction 

of periapical tissues (Fig. 22). 

Treatment: root canal therapy, apex resection, hemisection or extraction. 

PERIAPICAL ABSCESS WITHOUT SINUS K04.7 (ICD-10) 

Exudate and neutrophils accumulate in the area of acute inflammation. 

These and other cells secrete proteolytic enzymes. This leads to  

the disintegration of tissues. Pus and abscess are formed; they increase tissue 

pressure in the affected area. 

Inflammatory mediators released during suppuration promote bone 

resorption in the direction of least resistance. 

The patient experiences severe pain when the pus breaks through the bone 

and the periosteum is peeled. Then pus breaks through the periosteum and 

submucosal or subcutaneous abscess is formed. At this stage, the tissue pressure 

is reduced. The pain is reduced, but severe swelling of soft tissue is preserved. 

Breakthrough of mucosa occurs and pus comes out. The most common abscess 

breaks in the vestibule of the mouth. 

An acute apical abscess is a severe inflammatory response to 

microorganisms or their irritants that have leached out into the periradicular 

tissues. 

Signs and symptoms: It varies from moderate discomfort or swelling to 

systemic involvement, such as elevated temperature and malaise. The involved 

teeth are usually tender to both palpation and percussion. Radiographic changes 

are variable depending on the amount of periradicular destruction, which already 

has present; however, usually there is a well-defined radiolucent area, as in many 

situations an acute apical abscess is an acute exacerbation of a chronic situation. 

Treatment: initial treatment of an acute apical abscess involves the removal 

of the cause as soon as possible. Drainage should be applied either by opening 

the tooth or making an incision into a related swelling. An antibiotic may be 

prescribed, depending on the patient’s condition. Once the acute symptoms have 

subsided, then root canal therapy or extraction may be performed. 
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Endodontic therapy or root canal therapy 

is a sequence of treatment for the infected 

pulp of a tooth which results in  

the elimination of infection and  

the protection of the decontaminated tooth 

from future microbial invasion. 

Chapter 3 

INSTRUMENTATION OF THE ROOT CANAL SYSTEM 
 

Endodontics is the branch of clinical dentistry associated with  

the prevention, diagnosis and treatment of the pathosis of the dental pulp and 

their sequelae. That is, the main aim of the endodontic therapy involves to: 

1. Maintain vitality of the pulp. 

2. Preserve and restore the tooth with damaged and necrotic pulp. 

3. Preserve and restore the teeth, which have failed to the previous 

endodontic therapy, to allow the tooth to remain functional in the dental arch. 

Thus, we can say that  

the primary goal of endodontic 

therapy is to create an environment 

within the root canal system which 

allows the healing and continued 

maintenance of the health of  

the periradicular tissue. This can be 

achieved by elimination of microorganisms and their products from the root 

canal system and to shape it to receive an inert filling material. 

Indications to endodontic treatment: 
1. Irreversible pulpitis. 

2. Pulp necrosis without or with clinical manifestations. 

3. Orthopedic and orthodontic purpose. 

4. Apical periodontitis. 

True contraindications to endodontic treatment: 

1. Insufficient periodontal support. 

2. Inadequate crown-tooth ratio. 

3. Root and bifurcation caries. 

4. Internal resorption with perforation. 

5. Vertical root fracture. 

False contraindications to endodontic treatment: 

1. The presence of broken instruments in the root canal. 

2. The presence of calcifications. 

3. Anatomical difficulties. 

4. Difficulties of endodontic retreatment. 

5. Big size of the periapical lesion. 

Basic steps of endodontic treatment: diagnostic phase, preparatory phase, 

filling phase.  

This textbook contains the basic principles of preparatory phase, that’s 

mechanical instrumentation of root canals in endodontic treatment, the main 

types of instruments used for this purpose, as well as working length canals 

determination and instrumental techniques of root canal treatment. 
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No Cofferdam —  

No Endodontics! 

PREPARATORY PHASE STEPS 

 

Preparatory phase steps: 

1) isolation from saliva; 

2) access to the root canals; 

3) evacuation of infected tissue from the root canal; 

4) root canal preparation; 

5) root canal irrigation; 

6) root canal length determination. 

 

ISOLATION FROM SALIVA 

 

Cofferdam is a thin sheet of natural 

rubber used for isolating teeth during 

dental procedures (Fig. 23). 

One must remember that the oral 

cavity is a habitat for millions of bacteria, 

while saliva and 

moisture are  

the biggest enemies 

of dentistry. Therefore, by isolating teeth 

with cofferdam, we prevent bacteria from 

getting into the procedure site. 

 

The advantages of cofferdam and its recommended use: 

1. It protects the patients’ and medical staff’s health against infection. 

2. It prevents the swallowing of an instrument by the patient, as well as 

mechanical or chemical injuries of the mucous membrane of the oral cavity. 

3. It also prevents mechanical injuries of the mucous membrane and, during 

endodontic treatment, it protects against chemical injury as well. 

4. It isolates the operative field from moisture, which has a decisive impact 

on the final result of the treatment. 

 

ACCESS TO THE ROOT CANALS 

 

An adequate access is essential for successful endodontic treatment. 

Knowledge of pulp chamber morphology, along with an examination of 

preoperative radiographs, should be integrated when designing the access cavity 

to a tooth for nonsurgical root canal treatment. Once the coronal cavity has been 

adequately prepared, including the removal of carious dentin and defective 

restorations, a variety of instruments can be used in the process itself. Great 

variance in overall tooth size, morphology, and arch position means that no two 

access openings are identical, although common access guidelines have been 

established depending on the location of the tooth.  

Figure 23. Adequate isolation of the tooth 

with the cofferdam system within 

endodontic treatment 
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An access is the most important phase of nonsurgical root canal treatment. 

A well-designed access preparation is essential for an optimum endodontic 

result. Without an adequate access, instruments and materials become difficult to 

handle properly in the highly complex and variable root canal system.  

The objectives of the access cavity preparation consist of the following:  

1. To achieve straight-line access to 

the apical foramen or to the initial 

curvature of the canal (Fig. 24). 

2. To locate all root canal orifices. 

3. To conserve sound tooth structure.  

The ideal access cavity creates  

a smooth, straight-line path to the canal 

system and ultimately to the apex. When 

prepared correctly, the access cavity allows 

complete irrigation, shaping, cleaning, and 

quality obturation. The optimal access 

results in straight entry into the canal 

orifice, with the line angles forming  

a funnel that drops smoothly into  

the canal(s). Projection of the canal center 

line to the occlusal surface of the tooth 

indicates the location of the cavosurface 

line angles. Connection of the line angles 

creates the outline form.  

The direction and extent of drilling 

endodontic access cavity preparation 

should be guided by knowledge of anatomy 

and radiographic information. To achieve 

optimal preparation, three factors of internal anatomy must be considered:  

– size of pulp chamber;  

– shape of pulp chamber;  

– the number of individual root canals, their curvature, and their position. 

Green V. Black’s principles of cavity preparation, including outline, 

convenience, retention, and resistance forms, should be applied while thinking of 

an endodontic preparation as a continuum from enamel surface to apex (Fig. 25). 

The entire length of the preparation is the full outline form. Sometimes, this 

outline may have to be modified for the convenience of a canal anatomy, 

radicular dilacerations, or insertion of endodontic instruments.  

Regardless of the tooth, there are three phases in the preparation of  

the access cavity: 

1. Penetration. 

2. Enlargement. 

3. Finishing. 

Endodontic Coronal Cavity 

Preparation Principles 

1. Outline Form 

2. Convenience Form  

3. Removal of the Remaining 

Carious Dentin and Defective 

Restorations 

4. Cleansing of the Cavity  

Figure 24. This diagram illustrates 

the importance of straight line access 

and correctly designed access cavities 
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Penetration phase. For initial entrance through the enamel surface or 

restoration the ideal cutting instrument is the round end carbide fissure bur or 

endo-access diamond stone mounted in a contra-angle handpiece operating at 

accelerated speed (Fig. 26). 

           

   Figure 25. Black’s principles of cavity     Figure 26. Penetration phase 

preparation in relation to endodontic access 

 

Enlargement phase. It includes a complete removal of the roof of the pulp 

chamber. Working from inside of the pulp chamber to the outside, the round bur 

is used to remove the lingual and labial walls of the pulp chamber; the lingual 

shoulder is removed to give a continuous, smooth flowing preparation (Fig. 27). 

Long-shafted round bur mounted on a low-speed handpiece. It is used for  

the enlargement phase. The diameter of the bur is always smaller than that of  

the round, diamond bur used in the preceding phase. 

   

Figure 27. Enlargement phase         Figure 28. Finishing and flaring phase 

 

Finishing and flaring phase. This phase requires a non-end-cutting 

diamond bur, also called self-guiding bur, or Batt’s bur mounted on a high-speed 

handpiece. It is used to finish off the work performed during the preceding two 
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phases and to smoothen the walls of the access cavity, so that the transition 

between the access cavity and the pulp chamber walls will be imperceptible to 

probing. With an appropriate angulation, the same bur is also useful for slightly 

flaring the most occlusal portion of the access cavity externally, so that it meets 

the requirements listed above (Fig. 28). 

COMMON ACCESS 

Maxillary Central Incisors. The morphology of the chamber is triangular in 

design with high pulp horns on mesial and distal aspects of the chamber.  

The access opening is triangular in shape. The outline form of the access cavity 

changes to a more oval shape as the tooth matures and the pulp horns recede 

because the mesial and distal pulp horns are less prominent. A lingual ledge or 

lingual bulge is often present (Fig. 29, а). 

Maxillary Lateral Incisors. The chamber is similar to central incisors but 

proportionately smaller. The access opening is triangular, similar to maxillary 

central incisors, and proportionately smaller in the middle third of the lingual 

surface of the tooth. A lingual ledge may also be present but is usually not 

clinically significant. If a lingual shoulder of dentin is present, it must be 

removed before instruments can be used to explore the canal (Fig. 29, b).  

Maxillary Canine. The chamber shape is usually elliptical or oval.  

The access opening is oval on the lingual surface and should be in the middle 

third of the tooth, both mesio-distally and incisoapically. Because of its shape, 

the clinician must take care to circumferentially file the access opening labially 

and palatally to shape and clean the canal properly. A lingual ledge may be 

present but is usually not clinically significant (Fig. 29, с). 

 
a    b      c 

Figure 29. Common access to the maxillary central incisors, lateral incisors and canine 

 

Maxillary First Premolar. The chamber is usually oval and maintains  

a similar width from the occlusal level to the floor, which is located just apical to 

the cervical line. The palatal orifice is slightly larger than the buccal orifice.  

In cross section at the CEJ, the palatal orifice is wider buccolingually and 

kidney-shaped because of its mesial concavity. The access opening is oval on  

the occlusal surface and should be in the middle third of the tooth, both 

mesiodistally and buccolingually. Buccal and lingual cusps should not be 

undermined during access opening preparation. The buccal pulp horn usually is 

larger. There are often ledges of calcification on the buccal and/or lingual walls 
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just coronal to the orifice that may inhibit straight-line access to the canal system 

(Fig. 30, a). 

Maxillary Second Premolar. The chamber morphology is usually oval. 

A buccal and a palatal pulp horn are present; the buccal pulp horn is larger.  

The access opening is oval on the occlusal surface and should be in the middle 

third of the tooth, both mesiodistally and buccolingually. The buccal and lingual 

cusps should not be undermined during access opening preparation. The single 

root is oval and wider buccolingually than mesiodistally, so the canal(s) remains 

oval from the pulp chamber floor and tapers rapidly to the apex (Fig. 30, b). 

 
a       b 

Figure 30. Common access to the maxillary premolars 

 

Maxillary First Molar. The chamber is usually triangular or square, and the 

access opening is triangular to slightly square on the occlusal surface. 

Preparation of the access should be distal to the mesial marginal ridge, within  

the middle one third buccolingually, and mesial to the transverse ridge. Care 

should be taken not to undermine the transverse ridge during preparation or to 

extend the access opening so far mesially as to undermine the mesial marginal 

ridge. The palatal canal orifice is centered palatally, the distobuccal orifice is 

near the obtuse angle of the pulp chamber floor, and the main mesiobuccal canal 

orifice (MB-1) is buccal and mesial to the distobuccal orifice positioned within 

the acute angle of the pulp chamber. The second mesiobuccal canal orifice (MB-2) 

is located palatal and mesial to the MB-1. A line drawn to connect the three main 

canal orifices — MB orifice, distobuccal (DB) orifice, and palatal (P) orifice — 

forms a triangle known as the molar triangle (Fig. 31, a).  

Maxillary Second Molar. This shape of this chamber is usually less 

triangular and more oval than the maxillary first molar. The access opening is 

triangular, but becomes more straightened in a mesiobuccopalatal direction. 

Preparation of the access should be distal to the mesial marginal ridge, within  

the middle one-third buccolingually, and mesial to the transverse ridge. Care 

should be taken not to undermine the transverse ridge during preparation.  

The opening begins slightly more distally than in the first molar because of  

the location of the canal and root structure. When four canals are present,  

the access cavity preparation of the maxillary second molar has a rhomboid 

shape and is a smaller version of the access cavity for the maxillary first molar.  

If only three canals are present, the access cavity is a rounded triangle with  

the base to the buccal. As with the maxillary first molar, the mesial marginal 
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ridge need not be invaded. Because the tendency in maxillary second molars is 

for the distobuccal orifice to move closer to a line connecting the MB and P 

orifices, the triangle becomes more obtuse and the oblique ridge is normally not 

invaded. If only two canals are present, the access outline form is oval and 

widest in the buccolingual dimension. Its width corresponds to the mesiodistal 

width of the pulp chamber, and the oval is usually centered between the mesial 

pit and the mesial edge of the oblique ridge (Fig. 31, b). 

Maxillary Third Molar. The chamber is usually less triangular and more 

oval in shape than the maxillary second molar. The access opening is somewhat 

triangular, but tends to rotate as the DB canal orifice becomes more aligned with 

the palatal canal. The preparation can begin in the central fossae and proceed in  

a buccopalatal direction. The access cavity form for the third molar can vary 

greatly, because the tooth typically has one to three canals that would require  

the access preparation to be anything from an oval that is widest in  

the buccolingual dimension to a rounded triangle similar to that used for  

the maxillary second molar. The MB, DB, and P orifices often lie nearly in  

a straight line. The resultant access cavity is an oval or a very obtuse triangle 

(Fig. 31, c). 

 
a      b     c 

Figure 31. Common access to the maxillary molars 

 

Mandibular Central and Lateral Incisors. The chamber shape is triangular 

to oval in design, with high pulp horns on mesial and distal aspects of  

the chamber in younger patients. A lingual ledge or lingual bulge may be 

present, which restricts visualization of the canal orifice and prevents straight-

line access of the canal system. Often, the access opening must be extended more 

lingually in order to obtain straight-line access to the lingual orifice and the canal 

system. In addition, all working length films taken of mandibular incisors should 

be exposed at a slight mesial or distal angle to confirm the presence or absence 

of a second canal. Due to their small size and internal anatomy, the mandibular 

incisors may be the most difficult access cavities to prepare. The external outline 

form may be triangular or oval, depending on the prominence of the mesial and 

distal pulp horns. When the form is triangular, the incisal base is short and  

the mesial and distal legs are long incisogingivally, creating a long, compressed 

triangle. Without prominent mesial and distal pulp horns, the oval external 

outline form also is narrow mesiodistally and long incisogingivally. Complete 

removal of the lingual shoulder is critical, because this tooth often has two canals 
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that are buccolingually oriented, and the lingual canal is most often missed.  

To avoid this, the clinician should extend the access preparation well into  

the cingulum gingivally. Because the lingual surface of this tooth is not involved 

with occlusal function, butt joint junctions between the internal walls and the 

lingual surface are not required (Fig. 32, a). 

Mandibular Canine. The morphology of the chamber is usually elliptical or 

oval, and a lingual ledge may be present. The access opening is oval on  

the lingual surface and should be in the middle one-third of the tooth, both 

mesiodistally and incisoapically. Preparation of the access cavity for  

the mandibular canine is oval or slot-shaped. The mesiodistal width corresponds 

to the mesiodistal width of the pulp chamber. The incisal extension can approach 

the incisal edge of the tooth for straight-line access, and the gingival extension 

must penetrate the cingulum to allow a search for a possible lingual canal.  

As with the mandibular incisors, butt joint relationships between internal walls 

and the lingual surface are not necessary (Fig. 32, b). 

 
a      b 

Figure 32. Common access to the mandibular central and lateral incisors and canine 

 

Mandibular First Premolar. The chamber shape is usually oval or rounded, 

as is the access opening on the occlusal surface. As in many other circumstances, 

above, the access opening should be in the middle third of the tooth, both 

mesiodistally and buccolingually. Whenever possible, the buccal cusp should be 

preserved without being undermined during access opening preparation.  

The oval external outline form of the mandibular first premolar is typically wider 

mesiodistally than its maxillary counterpart, making it more oval and less slot-

shaped. Because of the lingual inclination of the crown, buccal extension can 

nearly approach the tip of the buccal cusp to achieve straight-line access. Lingual 

extension barely invades the poorly developed lingual cusp incline. 

Mesiodistally, the access preparation is centered between the cusp tips. Often  

the preparation must be modified to allow access to the complex root canal 

anatomy frequently seen in the apical half of the tooth root (Fig. 33, a). 

Mandibular Second Premolar. As with the mandibular first premolar,  

the chamber morphology is usually oval or rounded, as is the access opening on 

the occlusal surface. Additionally, the access opening should be in the middle 

third of the tooth, both mesiodistally and buccolingually, and the buccal and 

lingual cusps should not be undermined during access opening preparation. 
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There are at least two variations in the external anatomy that affect the access 

cavity form of the mandibular second premolar. First, because the crown 

typically has a smaller lingual inclination, less extension up the buccal cusp 

incline is required to achieve straight-line access. Second, the lingual half of  

the tooth is more fully developed. Consequently, the lingual access extension is 

typically halfway up the lingual cusp incline. The mandibular second premolar 

can have two lingual cusps, sometimes of equal size. When this occurs, the access 

preparation is centered mesiodistally on a line connecting the buccal cusp and  

the lingual groove between the lingual cusp tips. When the mesiolingual cusp is 

larger than the distolingual cusp, the lingual extension of the oval outline form is 

just distal to the tip of the mesiolingual cusp (Fig. 33, b). 

 
a      b 

Figure 33. Common access to the mandibular premolars 

 

Mandibular First Molar. The chamber is usually triangular to square in 

shape. The access opening is triangular to slightly square on the occlusal surface, 

and its preparation should be distal to the mesial marginal ridge and primarily 

within the mesial half of the occlusal surface, keeping in mind that the distal 

extension of the access opening should extend into the distal half of the tooth. 

The access cavity for the mandibular first molar is typically trapezoid or 

rhomboid regardless of the number of canals present. When four or more canals 

are present, the corners of the trapezoid or rhombus should correspond to  

the positions of the main orifices. Mesially, the access should not invade  

the marginal ridge. Distal extension must allow straight-line access to the distal 

canal(s). The buccal wall forms a straight connection between the MB and DB 

orifices, and the lingual wall connects the ML and DL orifices without bowing 

(Fig. 34, a). 

Mandibular Second Molar. The chamber morphology is usually triangular. 

The opening of the access is triangular, but tends to straighten in a mesiodistal 

direction if two separate orifices are not present in the mesial root. Preparation 

should be distal to the mesial marginal ridge and primarily within the mesial half 

of the occlusal surface, although the distal extension of the access opening 

should extend into the distal half of the tooth. When three canals are present,  

the access cavity is very similar to that for the mandibular first molar, although 

perhaps a bit more triangular and less rhomboid. The distal orifice is less often 

ribbon-shaped buccolingually; therefore, the buccal and lingual walls converge 

more aggressively distally to form a triangle. The second molar may have only 
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two canals, one mesial and one distal, in which case the orifices are nearly equal 

in size and line up in the buccolingual center of the tooth. The access cavity for  

a two-canal second molar is rectangular, wide mesiodistally and narrow 

buccolingually. The access cavity for a single-canal mandibular second molar is 

oval and is lined up in the center of the occlusal surface (Fig. 34, b). 

 
a      b 

Figure 34. Common access to the mandibular molars 

 

Mandibular Third Molar. The morphology of the chamber is usually less 

triangular and more oval than the mandibular second molar. The access opening 

is also triangular to oval, with a pulp chamber that tends to be very large and 

very deep. The anatomy of the mandibular third molar is very unpredictable, and 

the access cavity can take any of several shapes. When three or more canals are 

present, a traditional rounded triangle or rhombus is typical. When two canals 

are present, a rectangle is used, and for single-canal molars, an oval. Significant 

ethnic variation can be seen in the incidence of C-shaped root canal systems.  

The access cavity for the teeth with a C-shaped root canal system varies 

considerably and depends on the pulp morphology of the specific tooth. These 

teeth pose a considerable technical challenge; however, use of sonic and 

ultrasonic instrumentation, and plasticized obturation techniques greatly increase 

the likelihood of a successful treatment. 

Adequate access is essential for successful non-surgical endodontic 

treatment. A straight line to the canal system that ultimately leads to the apex 

may achieve optimal results when it is based on knowledge of the internal 

morphology and observance of the principles of cavity preparation. 

«Access is Success!» 

 

 

ENDODONTIC INSTRUMENTS 

 

Although a variety of instruments used in general dentistry, are applicable 

in endodontics, yet some special instruments are unique to endodontic purpose. 

Classification of endodontic instruments. ISO – FDI (Federation Dentaire 

International) grouped root canal instruments according to their method of use 

(Table 3). 

Grossman‘s Classification grouped root canal instruments according to their 

function and purpose (Table 4). 



59 

Table 3 

Classification of endodontic instruments, ISO – FDI 

Group I Hand use only, for example, K and H-files, reamers, broaches, etc. 

Group II Latch type engine driven: the same design as group I but can be attached to 

handpiece 

Group III Drills or reamers latch type engine driven, for example, Gates-Glidden, Peeso 

reamers 

Group IV Root canal points like gutta-percha, silver point, paper point 

 
Table 4 

Classification of endodontic instruments, Grossman 

Function Instruments 

Exploring Smooth broaches and endodontic explorers. (To locate canal orifices 

and determine patency of root canal) 

Dibriding or extirpating Barbed broaches. (To extirpate the pulp and other foreign materials 

from the root canal) 

Cleaning and shaping Reamers and files (used to shape the canal space) 

Obturating Pluggers, spreaders and lentulospirals. (To pack gutta-percha points 

into the root canal space) 

 

STANDARDIZATION OF ENDODONTIC INSTRUMENTS 

 

For decades, instrumentation of root canals was solely performed using 

stainless steel (and nickel-titanium) hand files in various forms. All these files 

have cutting flutes 16 mm long, and for each millimeter of shaft, the diameter 

increases by 0.02 mm (2 % taper), so the final cutting part of the instrument 

(known as D16) is 0.32 mm wider than the first part of the tip (known as D1) 

(Fig. 35). Hand files series are color-coded and increase in diameter in set 

increments, the smallest diameter being 0.06 mm (at D1), and increasing to  

1.40 mm (Table 5). The D1/D16 distance is also constant (16 mm), so that  

the working portion of the instruments is always the same, despite the variability 

of the lengths of the available instruments: short (21 mm) for the molars of 

patients with small mouths, standard (25 mm), and long (31 mm) for the canines 

and any particularly long roots. 

 

Figure 35. Drawing showing a hand file (ISO-sized; 2 % taper) with the distances D1 and D16 

marked 
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Table 5 

Standardization of endodontic instruments, ISO 

 

 
 

To determine the type of instrument, the ISO-symbols are also used 

(Fig. 36). They are represented on the instrument handle. 

 

Figure 36. ISO-symbols in endodontic instruments standardization 
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The obturating materials were also standardized, so that the manufacturers 

produce gutta-percha cones and paper points whose size and taper correspond to 

those of the instruments. 

 

TYPES OF PREPARATION ENDODONTIC INSTRUMENTS 

 

Conventional standardized instruments made of steel may wear quickly in 

dentin, and small size files may be regarded as disposable. Although some hand 

files are now available in a nickel-titanium alloy, which is more resistant to wear 

than ordinary steel, the increased cost and inability to pre-curve has not led to 

their widespread use. The majority of these modern files are manufactured with  

a modified non-aggressive tip to prevent iatrogenic damage to the canal system, 

and improve performance of the instrument. Fig. 37 shows the different 

appearance of the principal types of these instruments. 

 

Figure 37. Various stainless steel hand files (size 40) 
 

Barbed broach. This instrument has sharp rasps pointing towards  

the handle. They may be used to remove the contents of the root canal before 

commencing shaping procedures (Fig. 38). A vital pulp may be extirpated when 

carrying out elective endodontic procedures, or when treating a tooth with 

irreversible pulpitis, by introducing the barbed broach deep into the canal, 

twisting it a quarter to a half turn, and withdrawing.  

 

Figure 38. Barbed broach 
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Uses of Broach: 

– to extirpate pulp tissues (Fig. 39); 

– to remove cotton or paper points lodged in the canal; 

– to loosen the necrotic debris from canal.  

 

Figure 39. Pulp extirpation using broach 

 

K-type file (Fig. 40). These instruments were originally made from a square 

or triangular blank, machine twisted to form a tight spiral. The angle of  

the blades or flutes is consequently near a right-angle to the shank, so that either 

a reaming or a filing action may be used. The K-type file has been subject to 

continuous development.  

 

Figure 40. K-file (size 30) 

 

K-flex Files (Fig. 41). They were introduced by Kerr manufacturing 

company in 1982. It was realized that a square blank of file results in total 

decrease in the instrument flexibility. To maintain a shape and flexibility of these 

files, K-flex files were introduced. K-flex files are rhombus in cross section 

having two acute angles and two obtuse angles. Two acute angles increase 

sharpness and cutting efficiency of the instrument. Two obtuse angles provide 

more space for debris removal. Also, the decrease in contact of instrument with 

canal walls provide more space for irrigation. They are used in filing and rasping 

motion. 

 

Figure 41. K-flex file (size 30) 

 

Flexo Files (Fig. 42). These are similar to the K-Flex files except that they 

have a triangular cross section. This feature provides them more flexibility and 

thus ability to resist fracture. The tip of the file is modified to a non-cutting type. 

They are made up to NiTi. Flexo files have more flexibility but less cutting 

efficiency. 

 

Figure 42. Flexo File (size 25) 
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Hedstroem file (H-file) (Fig. 43). The Hedstroem file is machined from  

a round tapered blank. A spiral groove is cut into the shank, producing a sharp 

blade. Only a true filing action should be used with this instrument because of 

the angle of the blade. There is a strong possibility of fracture if a reaming action 

is used and the blades are engaged in dentin. The Hedstroem file is useful for 

removing gutta-percha root fillings. 

 

Figure 43. H-file (size 30) 
 

Safety Hedstrom File. This file has a non-cutting safety side along  

the length of the blade which reduces the chances of perforations. The non-

cutting side is directed to the side of the canal where cutting is not required.  

The non-cutting side of safety file prevents lodging of the canals. 

S-file. It is called «S» file because of its cross-sectional shape. S-File is 

produced by grinding, which makes it stiffer 

than Hedstrom file. This file is designed with 

two spirals for cutting blades, forming double 

helix design (Fig. 44). S-file has good cutting 

efficiency in either filling or reaming action, 

thus this file can also be classified as a hybrid 

design.  

C+Files are used for complicated and calcified canals. They have better 

buckling resistance than K-files. They are available in size 8, 10 and 15 of length 

18, 21 and 25 mm. 

Golden Medium Files. These files were described by Weine. They come 

under intermediate files provided with half sizes between conventional 

instruments. They are available in sizes from 12–37 like 12, 17, 22, 27, 32 and 

37. They are used for narrow canals. They are formed by cutting 1 mm from  

the tip of the instrument. In this way # 10 file can be converted to # 12, and 15 to 

# 17, and so on. 

Reamer (Fig. 45). The reamer is constructed from a square or triangular 

blank, machine twisted into a spiral but with fewer cutting flutes than a file. The 

reamer will only cut dentin when it is rotated in the canal; the mode of action 

described for its use is a quarter to a half turn to cut dentin, and withdrawal to 

remove the debris. The stiffness of an instrument increases with each larger size, 

so that larger reamers in curved canals will tend to cut a wider channel near the 

apical end of the root canal (apical zipping). A considerable damage may be 

caused to a root canal by an incorrect use of a reamer, and their routine use is no 

longer recommended. 

 
Figure 45. Reamer 

Figure 44. S-file 
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Comparative characteristics of files and reamers is shown in Table 6. 
Table 6 

Difference between files and reamers 

Characteristic Files Reamers 

Cross-section Square Triangular 

Area of cross-section More Less  

Flutes More (11/2–2/mm) Less (1/2–1 mm) 

Flexibility Less More (because of less work hardening) 

Cutting motion Rasping Rotation and penetration, retraction 

(push and pull) 

Preparation shape Usually avoid Round 

Transport of debris Poor, because of tighter flutes Better, because of space present in flutes 

 

ENGINE DRIVEN INSTRUMENTS 
 

Gates-Glidden Burs (Fig. 46). Traditional engine driven instruments 

include Gates-Glidden drills which have a flame-shaped cutting point mounted 

on a long thin shaft attached to a latch type 

shank. Gates-Glidden are available in a set from 

1 to 6 with the diameters from 0.5 to 1.5 mm. 

Due to their design Gates-Glidden drills are side 

cutting instruments with safety tips. They should 

be used at the speed of 750–1500 rpm in 

brushing strokes. The safety design of Gates-

Glidden is that its weakest part lie s at  

the junction of shank and shaft of the instrument. 

If its cutting tip jams against the canal wall, 

fracture occurs at the junction of shank and the 

shaft but not at the tip of the instrument. This 

makes an easy removal of the fractured drill 

from the canal. They can be used both in crown 

down as well as step back fashion. 

Uses of Gates-Glidden Drills: 

1. For coronal flaring during root canal preparation. 

2. During retreatment cases or post space preparation for removal of gutta-

percha. 

3. During instrument removal, if used incorrectly for example using at high 

rpm, incorrect angle of insertion, forceful drilling, the use of Gates-Glidden can 

result in procedural accidents like perforations, instrument separation, etc. 

Flexogates. Flexogates are modified Gates-Glidden. They are made up of 

NiTi and have non-cutting tip. They are more flexible and used for apical 

preparation. Flexogates can be rotated continuously in a handpiece through 360°. 

These instruments have many advantages over the traditional instruments in that 

they allow increased debris removal because of continuous rotation, smoother 

and faster canal preparation with less clinician fatigue. 

Figure 46. Gates-Glidden Burs 
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Advantages of Flexogates: 

1. Safe non-cutting guiding tip. 

2. Safety design, i.e. its breakage point is 16 

mm from the tip, so once fractured, it can be easily 

retrieved. 

3. Flexible, so used in curved canals. 

Peeso Reamers (Fig. 47). They are rotary 

instruments used mainly for post space 

preparations. They have safe ended non-cutting 

tip. Their tip diameter varies from 0.7 to 1.7 mm, 

and they should be used in brushing motion. 

Disadvantages of using peeso reamers: 

1. They do not follow the canal curvature and 

may cause perforation by cutting laterally. 

2. They are stiff instruments. 

3. They have to be used very carefully to 

avoid iatrogenic errors. 

 

NICKEL TITANIUM (NITI) ENDODONTIC INSTRUMENTS 

 

The latest developments in file design have seen a move away from the ISO 

standard 2 % taper to files with increasing tapers of up to 12 %, made in  

a nickel-titanium alloy. Although most of these new developments are used with 

an electric motor, hand files of greater taper are available.  

When using the stainless steel files, occurrence of procedural errors cannot 

be avoided especially in case of curved canals. Deviation from the original 

shape, ledge formation, zipping, stripping and perforations are the common 

problems which are seen in curved canals. But the superelasticity of NiTi alloy 

allows these instruments to flex more than the stainless steel instruments before 

exceeding their elastic limit, thereby allowing canal preparation with minimal 

procedural errors. NiTi was developed by Buchler 40 years ago. NiTi is also 

known as the NiTinol (NiTi Navol Ordinance Laboratory in US). In endodontics 

commonly used NiTi alloys are called 55 NiTinol (55 % weight Ni and 45 % Ti) 

and 60 NiTinol (60 % weight of Ni, 40 % Ti). First use of NiTi in endodontics 

was reported in 1988, by Walia et al when a #15 NiTi file was made from 

orthodontic wire and it showed superior flexibility and resistance to torsional 

fracture. This suggested the use of NiTi files in curved canals. 

Advantages of NiTi Alloys: 

1. Shape memory. 

2. Superelasticity. 

3. Low modulus of elasticity. 

4. Good resiliency. 

5. Corrosion resistance. 

6. Softer than stainless steel. 

Figure 47. Peeso Reamers 
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Disadvantages of NiTi Files: 

1. Poor cutting efficiency. 

2. NiTi files do not show signs of fatigue before they fracture. 

3. Poor resistance to fracture as compared to stainless steel. 

NiTi rotary instrumentation should always be performed with slow-speed, 

low-torque or «right-torque» electric motors (Fig. 48). A variety of motors exist 

from varying manufacturers including 

the Tecnika ATR and Aseptico ITR both 

of which were designed specifically for 

endodontics and are supplied by Tulsa 

Densply. These types of electronic 

motors have preprogrammed speed and 

torque values preset by the manufacturer 

for their recommended instruments.  

The units also allow the operator to 

adjust the manufacturers’ settings to  

the specific needs of the user.  

An additional benefit to the electric 

motors is the auto-reverse feature which 

is activated prior to reaching the elastic torque limit of the file, potentially 

reducing the possibility of instrument separation. Air driven motors that are 

connected to a slow-speed attachment on the dental unit are also available.  

The air driven motors are less expensive than the electric motors. However, they 

are unable to control torque and do not have an auto-reverse feature. 

The past few years have seen a dramatic increase in the number of 

manufacturers producing NiTi rotary files. The most popular systems are 

marketed by Tulsa Dental and Sybron Endo (formally Analytic Technologies). 

Tulsa markets both the ProSystem GT and ProTaper lines of rotary instruments, 

where Sybron Endo markets K3 (the successor of the Quantec line of files). 

Greater taper files (GT FILES) (Fig. 49).  

 

Figure 49. GT files 

 

Figure 48. Electric endomotor with speed 

and torque control handpiece 
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The GT rotary instruments possess a U-shaped file design with ISO tip sizes 

of 20, 30 and 40 and tapers of 0.04, 0.06, 0.08, 0.10 and 0.12. Accessory GT 

files for use as orifice openers of 0.12 taper in ISO sizes of 35, 50, 70 and 90 are 

also available. The maximum diameter of these instruments is 1.50 mm. 

Recommended rotational speed for GT files is 350 rpm. Negative rake angle of 

these files makes them scrape the dentin rather than cut it. 

ProSystem GT™. ProSystem GT is the next evolution of the Greater Taper 

series (GT) Profile instruments. The file has traditional U-shaped flutes to lift 

debris coronally, safe-ended tips that reduce the risk of apical transportation, 

ledging, or perforation, and varied pitch and sharpness along flutes to reduce the 

potential for threading into the canal (4). Files are available in three different ISO 

tip sizes #20, #30, and #40 corresponding to small, medium, and large canals 

respectively with varying tapers from 0.10 to 0.04 in 0.02 increments.  

The manufacturer recommends crowning down beginning with the 0.10 taper 

instrument and continuing with the 0.08, 0.06, and 0.04. Once the working 

length has been reached with the 0.04 taper instrument, the operator can either 

choose to increase the taper by using the previous instrument to the full working 

length (i.e. the 0.06 taper instrument), increase the apical preparation size by 

selecting the next larger apical tip size with the same taper as the last instrument 

to reach the working length, or terminate the preparation. 

ProTaper™ (Fig. 50, 51). ProTaper files are marketed to instrument 

difficult, highly calcified, and severely curved root canals. They are available as 

rotary and manual types. The progressive taper and advanced flute design 

reportedly provide the flexibility and efficiency to achieve consistent, successful 

cleaning and shaping when faced with these challenges. A unique feature of  

the ProTaper instrument is the convex triangular cross-section which reduces  

the contact area between the file and dentin (Fig. 52). The greater cutting 

efficiency has been purportedly safely incorporated through balancing the pitch 

and helical angles. These instruments also have a partially active tip which cuts 

as it moves apically. The system consists of six files beginning with the SX, or 

Shaping X file, which is used to optimally shape canals in shorter roots, relocate 

canals away from external root concavities, and to produce more shape, as 

desired, in the coronal aspects of canals in longer roots. The shaping 1 (S-1), and 

shaping 2 (S-2) files have increasingly larger tapers over the length of their 

cutting blades allowing each instrument to engage, cut and prepare a specific 

area of the canal. S-1 is designed to prepare the coronal one-third of a canal, 

whereas, S-2 enlarges and prepares the middle one-third. Although both 

instruments optimally prepare the coronal two thirds of a canal, they do 

progressively enlarge its apical one-third. The finishing files, or F1, F2 and F3 

instruments, reportedly optimally finish the apical one-third, while progressively 

and subtly expanding the shape in the middle one-third of the canal.  

The manufacturer states that generally only one finishing instrument is required 

to prepare the apical one-third of a canal and the one selected is based on  

the canal’s curvature and cross-sectional diameter. 
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Figure 50. Handle ProTaper 

 

 

Figure 51. Rotary ProTaper files 

 

 

Figure 52. Convex triangular cross-section of the ProTaper 

 

WAVE ONE™ File System WaveOne instruments are single file technique 

with reciprocation. The 3 WaveOne instruments are termed small (yellow 

21/06), primary (red 25/08), and large (black 40/08). The small 21/06 file has  

a fixed taper of 6 % over its active portion. The primary 25/08 and the large 

40/08 WaveOne files have fixed tapers of 8 % from D1 to D3, whereas from D4 

to D16, they have a unique progressively decreasing percentage tapered design. 
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This design serves to improve flexibility and conserve remaining dentin in  

the coronal two thirds of the finished preparation. 

Another unique design feature of the WaveOne files is that they have  

a reverse helix and 2 distinct cross-sections along the length of their active 

portions (Fig. 53). From D1 to D8, the WaveOne files have a modified convex 

triangular cross section, whereas from D9 to D16, these files have a convex 

triangular cross section. The WaveOne files have non-cutting modified guiding 

tips, which enables these files to safely progress through virtually any secured 

canal. Together, these design features enhance safety and efficiency when 

shaping canals that have a confirmed, smooth, and reproducible glide path.  

The files are manufactured with M-wire technology which significantly 

improves the resistance to cyclic fatigue by almost 400 %. 

 

Figure 53. WAVE ONE™ File System and X Smart Plus endomotor with reciprocation 

function 

 

The advantages of the reciprocating technique are numerous: 

– It makes it possible to shape most root canals using only one single file. 

– It decreases total shaping time up to 40 % versus a traditional rotary 

technique in continuous motion. 

– Optimized reciprocating angles reduce the risk of a screwing effect and 

file breakage. 

– It has a geometry conceived specifically to provide maximum user 

benefits from the reciprocating movement of the e3® torque control motor. 

ProTaper NEXT™ (Fig. 54, 55) 

is the newest innovation to  

the ProTaper® system. It is innovative 

off-centred rectangular cross section 

gives the file a snake like «swaggering» 

movement as it moves through the root 

canal. The rotation of the off-centered 

cross section generates enlarged space 

for debris hauling. Optimization of 

canal tracking is also achieved due to 

the «swaggering effect». The M-WIRE® NiTi material improves file flexibility, 

while still retaining cutting efficiency M-WIRE® NiTi also provides greater 

resistance to cyclic fatigue, the leading cause of file separation. 

Figure 54. ProTaper NEXT cross-section 



70 

 

Figure 55. ProTaper NEXT files 

 

Endodontic files exhibit the signs of wear during the normal use. They are 

also subject to cyclic fatigue, which is the main cause of file breakage during the 

patient’s treatment. This increases dramatically with multiple use. Single use 

therefore reduces the risk of file breakage and thus increases the patient’s safety. 

PathFile™ — Mechanical 

Glide Path Files (Fig. 56). 

PathFiles are rotary NiTi files 

that are used to create  

a mechanical glide path and 

preflare the canal, a task that is 

normally carried out with 

stainless steel hand files. Because 

of the relative stiffness of 

stainless steel instruments, it can 

be difficult to avoid the risk of 

canal transportation, ledges and apical zipping. Flexible and resistant to cyclic 

fatigue, PathFiles can offer a number of advantages compared to manual 

solutions. 

A significant risk during NiTi rotary instrumentation is instrument 

separation. When the instruments are stressed over time, the crystalline structure 

can change or deform making the files weaker and more prone to reaching their 

elastic limit. When this occurs, the instrument undergoes plastic deformation and 

if the stress is not relieved, instrument failure will result. Current studies show 

that these instruments can be used safely in up to a maximum of 10 canals; 

however, a single use in a very difficult canal should warrant disposal of the file. 

The use of a labeling system to keep track of file usage is highly recommended. 

A major advantage to NiTi rotary systems is the use of the crown down 

technique. Crowning down has been shown to effectively pull debris and pulpal 

Figure 56. PathFileTM 
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remnants out of the canal rather than push them into the periradicular tissues.  

In addition, early coronal flaring makes instrumentation easier and increases  

the efficiency of electronic apex locators. 

 

EVACUATION OF INFECTED TISSUE FROM THE ROOT CANAL 

 

As far as the main aim of the endodontic treatment is elimination of 

microorganisms and their products from the root canal system and to shape it to 

receive an inert filling material, the first stage of the preparatory phase is 

evacuation of infected pulp from the root canal.  

Technique of pulp extirpation (Healey, 1984). Penetrate the barbed broach 

along the canal wall towards the apex. As it reaches the apical constriction, move 

it into the center of mass of pulp tissue. 

Rotate the broach several times in 

a watch winding manner to entrap  

the pulp which is then withdrawn from 

the canal (Fig. 57). Broach should not 

be forced apically into the canal, as its 

barbs get compressed by the canal wall. 

While removing this embedded 

instrument, barbs get embedded into 

dentin and broach may break on 

applying pressure. 

 

ROOT CANAL PREPARATION 

 

Mechanical preparation refers to controlled removal of dentin by 

manipulating root canal instruments. Factors influencing the amount and pattern 

of dentin removal are:  

– design and sharpness of the cutting edge;  

– the manner in which it is manipulated;  

– the force applied, and the operator’s skill.  

The operator’s skill is influenced by the ability to discriminate tactile 

feedback from the instrument and the ability to manipulate the instruments in  

a controlled way according to the mental image of a three dimensional shape of 

the root canal system. 

The mechanics of cleaning and shaping may be viewed as an extension of 

the principles of coronal cavity preparation to the full length of the root canal 

system. Schilder gave five mechanical objectives for successful cleaning and 

shaping 30 years ago. The objectives taught the clinicians to think and operate in 

three dimensions. 

The objectives given by Schilder are: 

1. The root canal preparation should develop a continuously tapering cone: 

This shape mimics the natural canal shape. The funnel shaped preparation of  

Figure 57. Removing the infected pulp with 

the barbed broach 
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a canal should merge with the access cavity so that instruments will slide into  

the canal. Thus, access cavity and root canal preparation should form  

a continuous channel. 

2. Making the preparation in multiple planes which introduces the concept 

of «flow»: This objective preserves the natural curve of the canal.  

3. Making the canal narrower apically and wider coronally. To create 

continuous tapers up to apical third which creates the resistance form to hold 

gutta-percha in the canal. 

4. Avoid transportation of the foramen. There should be gentle and minute 

enlargement of the foramen while maintaining its position. 

5. Keep the apical opening as small as possible. The foramen size should be 

kept as small as possible as overlapping of foramen contributes to a number of 

iatrogenic problems.  

DIFFERENT MOVEMENTS OF INSTRUMENTS 

Reaming. Ream indicates the use of a sharp edged tool for enlarging holes. 

In endodontic practice, reaming is commonly done by the use of reamers, though 

files can also be used. It involves clockwise rotation of an instrument.  

The instrument may be controlled from insertion to generate a cutting. 

Filing. The term filing indicates a push-pull motion with the instrument. 

This method is commonly used for the canal preparation. 

Combination of Reaming and Filing. In this technique, the file is inserted 

with a quarter turn clockwise and apically directed pressure (i.e. reaming) and 

then is subsequently withdrawn (i.e. filing). 

Balanced Force Technique. This technique involves oscillation of 

instrument right and left with different arcs in either direction. The instrument is 

first inserted into the canal by moving it clockwise with one quarter turn. Then 

cut dentin; the file is rotated counter clockwise and simultaneously pushed 

apically to prevent it from backing out of the canal. Finally, the file is removed 

by rotating file clockwise simultaneously pulling the instrument out of the canal. 

This technique offers most efficient dentin cutting but care should be taken 

not to apply excessive force with this technique because it may lock  

the instrument into the canal. 

Watch Winding. It is back and forth oscillation of the endodontic 

instrument (file or reamer) right and left as it is advanced into the canal.  

The angle of rotation is usually 30 to 60 degrees. This technique is efficient with 

K-type instruments. 

Basically, there are two approaches used for biomechanical preparation, 

either starting at the apex with fine instruments and working up to the orifice 

with progressively larger instruments, — this is Step back technique, or starting 

at the orifice with larger instruments and working up to apex with larger 

instruments, — this is Crown down technique. 
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STEP BACK TECHNIQUE 

 

Step back technique is also known as Telescopic canal preparation or serial 

root canal preparation (Fig. 58). Step back technique emphasizes keeping  

the apical preparation small, in its original position and producing a gradual taper 

coronally. 

 

Figure 58. Step back technique 

 

This technique was first described in 1960 by Mullaney. Basically, this 

technique involves the canal preparation into two phases; phase I involves  

the preparation of apical constriction and phase II involves the preparation of  

the remaining canal. 

Phase I: 

1. Evaluate the carious tooth before initiating endodontic treatment. 

2. Initially prepare the access cavity, and locate the canal orifices. 

3. Establish the working length of the tooth using pathfinder. 

4. Now insert the first instrument into the canal with watch winding motion. 

In watch winding motion, a gentle clockwise and anticlockwise rotation of file 

with minimal apical pressure is given. 

5. Remove the instrument and irrigate the canal.  
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6. Remember to lubricate the instrument for use in apical area because it is 

shown that lubricant emulsifies the fibrous pulp tissue allowing the instrument to 

remove it whereas irrigants may not reach the apical area to dissolve the tissues. 

7. Place the next larger size files to the working length in similar manner 

and again irrigate the canal. 

8. Remember to recapitulate the canal with previous smaller number 

instrument. This breaks up apical debris which are washed away with  

the irrigant. 

9. Repeat the process until a size 25 K-file reaches the working length. 

Recapitulate between the files by placing a small file to the working length. 

Phase II: 

1. Place next file in the series to a length 1 mm short of working length. 

Insert the instrument into the canal with watch winding motion, remove it after 

circumferential filing, irrigate and recapitulate. 

2. Repeat the same procedure with successively larger files at 1 mm 

increments from the previously used file. 

3. Similarly a mid canal area and a coronal part of the canal is prepared and 

shaped with larger number files. 

4. Finally, refining of the root canal is done by master apical file with push-

pull strokes to achieve a smooth taper form of the root canal. 

Advantage of Step Back Technique. More flare at coronal part of root 

canal with proper apical stop. 

Disadvantages of Step Back Technique: 

1. Difficult to irrigate apical region 

2. More chances of pushing debris periapically. 

3. Time consuming. 

4. Increased chances of iatrogenic errors for example ledge formation in 

curved canals. 

5. Difficult to penetrate instruments in canal. 

6. More chances of instrument fracture. 

 

CROWN DOWN TECHNIQUE 

 

In the crown down technique, the dentist prepares the canal from the crown 

of the tooth, shaping the canal as the instrument moves towards the apical 

portion of the canal (Fig. 59). Morgan and Montgomery found that this «crown 

down pressureless» techniques resulted in a rounder canal shape when compared 

to usual step back technique. Moreover, many studies have shown that greater 

apical enlargement without causing apical transportation can be achieved if 

coronal obstructions are eliminated. 

Technique of Crown Down Preparation: 

1. The first step in the crown down technique is the access cavity 

preparation with no pulp chamber obstructions. Locate the canal orifices with 

sharp explorer, which shows binding in the pulp chamber. 
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2. Now fill the access cavity with  

an irrigant and start preflaring of the canal 

orifices. Preflaring of the coronal third of  

the canal can be done by using hand 

instruments, Gates-Glidden drills or  

the nickle-titanium rotary instruments. 

3. Gates-Glidden drills can be used after 

scouting the canal orifices with # 10 or 15 

files. The crown down approach begins with 

larger Gates-Glidden first. After using this 

subsequent, smaller diameter, Gates-Glidden 

are introduced into the canal with additional 

mm to complete coronal flaring. One should take care to avoid carrying all  

the Gates-Glidden drills to the same level, which may lead to excessive cutting 

of the dentin, weakening of the roots and thereby «Coke Bottle Appearance» in 

the radiographs. 

4. Frequent irrigation with sodium hypochlorite and recapitulation with  

a smaller file (usually # 10 file) to prevent canal blockage. 

5. After establishing coronal and mid root enlargement, explore the canal 

and establish the working length with small instruments. 

6. Introduce larger files to a coronal part of the canal and prepare it. 

Subsequently introduce progressively smaller number files deeper into the canal 

in sequential order and prepare the apical part of the canal. 

7. Final apical preparation is prepared and finished along with frequent 

irrigation of the canal system. The classical apical third preparation should have 

a tapered shape which has been enlarged to at least size 20 at apex and each 

successive instrument should move away from the foramen by 1/2 mm increments. 

Biological Benefits of Crown Down Technique: 

1. Removal of tissue debris coronally, thus minimizing the extrusion of 

debris periapically. 

2. Reduction of postoperative sensitivity which could result from periapical 

extrusion of debris. 

3. Greater volumes of irrigants can reach irregularities in the canal in early 

stages of canal preparation because of coronal flaring. 

4. Better dissolution of tissue with increased penetration of the irrigants. 

5. Rapid removal of contaminated and infected tissues from the root canal 

system. 

Clinical Advantages of the Crown Down Technique: 

1. Enhanced tactile sensation with instruments because of coronal 

interferences removal. 

2. Flexible (smaller) files are used in an apical portion of the canal; whereas 

larger (stiffer) files need not be forced but kept short of the apex. 

3. In curved canals, after doing coronal flaring, files can go up to the apex 

more effectively due to decreased deviation of instruments in the canal curvature. 

Figure 59. Crown Down technique 
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4. Provides more space for irrigants. 

5. Straight line access to root curves and canal junctions. 

6. Enhanced movement of debris coronally. 

7. Desired shape of canal can be obtained that is narrow at apex, wider 

coronally. 

8. Predictable quality of canal cleaning and shaping. 

9. Decreased frequency of canal blockages. 

The crown down is often suggested as a basic approach using nickel-

titanium rotary instruments.  

 

BALANCED FORCE TECHNIQUE 

 

This technique was developed by Roane and Sabala in 1985. It involves  

the use of instrument with noncutting tip. Since the K-type files have pyramidal 

tips with cutting angles which can be quite aggressive with clockwise rotation. 

For this technique, use of triangular cross sectioned instruments should be done. 

The decreased mass of the instrument and deeper cutting flutes improve  

the flexibility of instrument and decrease the restoring force of the instrument 

when placed in curved canals. Use of Flex-R files is recommended for this 

technique. This file has «safe tip design» with a guiding land area behind the tip 

which allows the file to follow the canal curvature without binding in the outside 

wall of the curved canal. 

Technique: 

1. In balanced force technique, first file which binds short of working length 

is inserted into the canal and rotated clockwise a quarter of a turn. This 

movement causes flutes to engage a small amount of dentin. 

2. Now, file is rotated counterclockwise with apical pressure at least one 

third of a revolution. It is the counterclockwise rotation with apical pressure 

which actually provides the cutting action by shearing off small amount of dentin 

engaged during clockwise rotation. 

3. If there is little curvature or if instrument does not bind, only one or two 

counterclockwise motions are given. It should not be forced to give  

the counterclockwise rotation because it may lead to fracture of the instrument. 

4. Then a final clockwise rotation is given to the instrument which loads  

the flutes of file with loosened debris and the file is withdrawn. 

Advantages of Balanced Force Technique: 

– with the help of this technique, there are lesser chances of canal 

transportation; 

– one can manipulate the files at any point in the canal without creating  

a ledge or blockage; 

– file cutting occurs only at apical extent of the file. 
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ENGINE DRIVEN PREPARATION WITH NITI INSTRUMENTS 

 

These instruments were introduced in early 1990s, and since then they have 

become indispensable tools for canal enlargement. Before using these 

instruments one should take care to have a straight line access to the canal 

system. Canals should be thoroughly explored and passively enlarged before 

using rotary instrument. Instruments should be constantly moving and speed of 

rotation of each instrument should be known. 

All of these NiTi rotary systems incorporate: 

1. Crown down preparation. 

2. Apical preparation as finale. 

3. Increasing taper instruments. 

PROTAPER FILES 

As we have seen ProTaper files have a triangular cross-section and are 

variably tapered across their cutting length. The progressively tapered design 

improves flexibility, cutting efficiency and the safety of these files. 

The ProTaper system consists of three shaping and three finishing files. 

1. Shaping files are termed as Sx, S1 and S2. 

Sx these are files of shorter length of 19 mm with D1 diameter of 0.19 mm 

and D14 diameter of 1.20 mm. The increase of taper up to D9 and then taper 

decrease up to D14 increases its flexibility. 

S1 has D1 diameter of 0.17 mm and D14 of 1.20 mm; it is used to prepare 

coronal part of the root. 

S2 has D1 diameter of 0.20 mm and D14 of 1.20 mm; it is used to prepare 

middle third of the canal. 

2. Finishing files F1, F2, F3 are used to prepare and finish apical part of  

the root canal. 

F1 D1 diameter and apical taper is 20 and 0.07. 

F2 D1 diameter and taper is 25 and 0.08. 

F3 D1 diameter and taper is 30 and 0.09. 

Clinical Technique (Fig. 60): 

1. The foremost step is gaining straight line access to the canal orifices. 

2. Establish a smooth glide path before doing any instrumentation with 

ProTaper system. 

3. Now prepare the coronal third of the canal by inserting S1 into the canal 

using passive pressure. Don’t go more than third fourth of the estimated canal 

length. 

4. Irrigate and recapitulate the canal using #10 file. 

5. In shorter teeth, use of Sx is recommended. 

6. After this, S2 is worked up to the estimated canal length. 

7. Now confirm the working length using small stainless steel K- files up to 

size 15 by electronic apex locators and/or with radiographic confirmation. 
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8. Use F1, F2 and F3 (if necessary) finishing files up to established working 

length and complete the apical preparation. Then refine the apical preparation 

using corresponding stainless steel file to gauge the apical foramen and to 

smoothen the canal walls. 

   

Figure 60. ProTaper technique 

 

Advantages of ProTaper Files: 

1. ProTaper files have modified guiding tip, which allows them to follow 

the canal better. 

2. Variable tip diameters of ProTaper files allow them to have a specific 

cutting action in a defined area of the canal without stressing the instrument in 

other sections. 

3. Changing a helical angle and pitch over the cutting blades of ProTaper 

files reduce the instruments from screwing into the canal and allow a better 

removal of debris. 

4. ProTaper files act in active motion, this further increases its efficiency 

and reduces torsional strain. 

5. Length of file handle is reduced from 15 to 17.5 mm, which allows better 

access in posterior areas. 

 

ROOT CANAL LENGTH DETERMINATION 

 

The determination of an accurate working length is one of the most critical 

steps of endodontic therapy. The cleaning, shaping and obturation of root canal 

system cannot be accomplished accurately unless working length is determined 

precisely. 

DEFINITIONS 

According to endodontic glossary, working length is defined as «the 

distance from a coronal reference point to a point at which canal preparation 

and obturation should terminate». 

Reference point. Reference point is that site on the occlusal or incisal 

surface from which measurements are made. A reference point is chosen; it 

should be stable and easily visualized during preparation. Usually, this is  
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the highest point on incisal edge of anterior teeth and buccal cusp of posterior 

teeth (Fig. 61). Reference point should not change between the appointments. 

Anatomic apex is the «tip or end of root determined morphologically». 

Radiographic apex is the «tip or end of root determined radiographically». 

Apical foramen is main apical opening of the root canal which may be 

located away from anatomic or radiographic apex. 

Apical constriction (minor apical diameter) is an apical portion of the root 

canal having the narrowest diameter. It is usually 0.5–1 mm short of apical 

foramen (Fig. 62). The minor diameter widens apically to foramen, i.e. major 

diameter. 

             

Figure 61. Working length distance is 

defined as the distance from coronal 

referencer point to a point where canal 

preparation and obturation should terminate 

 
Figure 62. Anatomy of root apex 

 

Significance of working length. 

Working length determines how far into the canal, instruments can be 

placed and worked. 

It affects a degree of pain and discomfort which the patient will experience 

following appointment by virtue of over and under instrumentation. 

If placed within correct limits, it plays an important role in determining  

the success of treatment. 

Before determining a definite working length, there should be straight line 

access for the canal orifice for unobstructed penetration of instrument into apical 

constriction. 

Once apical stop is calculated, monitor the working length periodically 

because working length may change as curved canal is straightened. 

Failure to accurately determine and maintain working length may result in 

length being over normal, which will lead to postoperative pain, prolonged 
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healing time and lower success rate because of incomplete regeneration of 

cementum, periodontal ligament and alveolar bone. 

When the working length is made short of apical constriction it may cause 

persistent discomfort because of incomplete cleaning and underfilling. Apical 

leakage may occur into uncleaned and unfilled space short of apical constriction. 

It may support continued existence of viable bacteria and contributes to  

the periradicular lesion and thus poor success rate. 

Consequences of overextended working length: 

– Perforation through apical construction. 

– Overinstrumentation. 

– Overfilling of root canal. 

– Increased incidence of postoperative pain. 

– Prolonged healing period. 

– Lower success rate due to incomplete regeneration of cementum, 

periodontal ligament and alveolar bone. 

Consequences of working short of actual working length 

– Incomplete cleaning and instrumentation of the canal. 

– Persistent discomfort due to presence of pulpal remnants. 

– Underfilling of the root canal. 

– Incomplete apical seal. 

– Apical leakage which supports existence of viable bacteria, this further 

leads to poor healing and periradicular lesion. 

– Causes of loss of working length. 

– Presence of debris in apical 2–3 of canal. 

– Failure to maintain apical patency. 

– Skipping instrument sizes. 

– Ledge formation. 

– Inadequate irrigation. 

– Instrument separation. 

– Canal blockage. 

Different methods of working length determination. Various methods 

for determining working length include using average root lengths from 

anatomic studies, preoperative radiographs, tactile sensation, etc. Other common 

methods include use of paper point, working length radiograph, electronic apex 

locators or any combination of the above. 

Directional Stop Attachments. Most commonly stoppers used for 

endodontic instruments are silicon rubber stops (Fig. 63), though stop 

attachments can be made up of metal, plastic or silicon rubber. Stop attachments 

can be available in two shapes tear drop or round. 

 

Figure 63. Flexo File (size 25) with silicon rubber stop 
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Radiographic method of length determination (Fig. 64): 

1. Measure the estimated working 

length from preoperative periapical 

radiograph. 

2. Adjust the topper of the instrument 

to this estimated working length and place it 

in the canal up to the adjusted stopper. 

3. Take the radiograph. 

4. On the radiograph, measure the 

difference between the tip of the instrument 

and root apex. Add or subtract this length to 

the estimated working length to get the new 

working length. 

5. Correct working length is finally calculated by subtracting 1 mm from 

this new length.  

Advantages of radiographic methods of working length determination: 

1. One can see the anatomy of the tooth. 

2. One can find out curvature of the root canal. 

3. We can see the relationship between the adjacent teeth and anatomic 

structures. 

Disadvantages of radiographic methods of working length determination: 

1. Varies with different observers. 

2. Superimposition of anatomical structures. 

3. Two-dimensional view of three-dimensional object. 

4. Cannot interpret if apical foramen has buccal or lingual exit. 

5. Risk of radiation exposure. 

6. Time consuming. 

7. Limited accuracy. 

Non-radiographic Methods: 
1. Digital tactile sense: In this method the clinician may see an increase in 

resistance as file reaches the apical 2–3 mm. 

Advantages: 

– time saving; 

– no radiation exposure. 

Disadvantages: 

– does not always provide the accurate readings; 

– in case of narrow canals, one may feel increased resistance as file 

approaches apical 2–3 mm; 

– in case of the teeth with immature apex, the instrument can go 

periapically. 

2. Periodontal sensitivity test. This method is based on the patient’s 

response to pain. But this method does not always provide accurate readings; for 

example, in case of narrow canals, the instrument may feel increased resistance 

as file approaches apical 2–3 mm; in case of the teeth with immature apex,  

Figure 64. Working length radiograph 
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the instrument can go beyond apex. In cases of the canal with necrotic pulp,  

the instrument can pass beyond apical constriction; in case of vital or inflamed 

pulp, pain may occur several mm before periapex is crossed by the instrument. 

3. Paper point measurement method: In this method, paper point is gently 

passed in the root canal to estimate the working length. It is most reliable in 

cases of open apex where apical constriction is lost because of perforation or 

resorption. Moisture or blood present on apical part of paper point indicates that 

paper point has passed beyond estimated working length.  

All this methods are used as supplementary technique. 

Electronic apex locators (EAL) are used for determining working length as 

an adjunct to radiography. They are basically used to locate the apical 

constriction or cementodentinal junction or the apical foramen, but not  

the radiographic apex. 

All of apex locators function by using the human body to complete an 

electrical circuit. One side of the apex locator circuit is connected to endodontic 

instrument and the other side is connected to the patient’s body. Circuit is 

completed when endodontic instrument is advanced into the root canal until it 

touches the periodontal tissue (Fig. 65). 

Components of Electronic Apex Locators (Fig. 66): 

– lip clip; 

– file clip; 

– electronic device; 

– cord which connects above three parts. 

       
Figure 65. Diagrammatic representation of working        Figure 66. Electronic Apex Locators 

of resistance type of apex locator  

 

Advantages of Apex Locators: 

1. Provide objective information with high degree of accuracy. 

2. Accurate in reading (90–98 % accuracy). 

3. Some apex locators are also available in combination with a pulp tester, 

so they can be used to test pulp vitality. 
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Disadvantages: 

a) Apex locator can provide inaccurate readings in the following cases: 

– presence of pulp tissue in canal; 

– too wet or too dry canal; 

– use of narrow file; 

– blockage of canal; 

– incomplete circuit; 

– low battery; 

b) Chances of overestimation. 

c) May pose problem in teeth with immature apex. 

Basic conditions for accuracy of EAL: 

– canal should be free from debris; 

– canal should be relatively dry; 

– no cervical leakage; 

– proper contact of file with canal walls and periapex; 

– no blockages or calcifications in canal. 

The most important thing to understand when determining working length 

is morphology of apical one-third of the canal. The consideration should be 

given to adopt the parameters of 0.5–0.0 mm (from the apical constriction) as 

most ideal terminating point in the canal. One should use as many techniques as 

possible during the course of treatment. First of all, there should be a stable 

coronal reference point. The next step is to estimate working length from average 

anatomical length and preoperative radiograph. Finally, calculate the correct 

working length using the combination of various mentioned techniques, i. e. 

tactile sense, radiography, electronic apex locators, etc. Multiple measurements 

should be taken to determine accurate readings of working length. With so many 

advances coming up in the branch of endodontics, we expect the future of apex 

locators to provide accurate readings in all the conditions of the root canal 

without the need of calibrations. 
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Chapter 4 

ROOT CANAL IRRIGANTS AND MEDICAMENTS 
 

There can be no doubt today that microorganisms, either remaining in  

the root canal space after treatment or recolonizing the filled canal system, are 

the main cause of endodontic failure. Infection of the root canal space occurs 

most frequently as a sequel to a profound carious lesion. Cracks in the crown 

structure extending into the pulp chamber can also be identified as a cause of 

endodontic infection. 

The objective of endodontic treatment is to prevent or eliminate infection 

within the root canal. Local wound debridement in the diseased pulp space is  

the main step in the root canal treatment to prevent the tooth from being a source 

of infection. Over the years, research and clinical practices have concentrated on 

instrumentation, irrigation and medication of the root canal system followed by 

obturation and the placement of coronal seal.  

The main purpose of instrumentation is the mechanical debridement of  

the root canal system and the creation of a space for delivery of antimicrobial 

substances. Furthermore, a well-shaped root canal system facilitates the proper 

placement of a tight root canal filling to prevent recolonization by oral 

microbiota. But every root canal system has spaces that cannot be cleaned 

mechanically (Fig. 67). With both current nickel-titanium instrumentation 

systems and traditional stainless-steel hand instruments almost half of the root 

canal walls are left unprepared. Therefore, it is the irrigants that we rely on to 

clean and disinfect these anatomic complexities. The only way we can clean 

webs, fins and anastomoses is through the effective use of an irrigation solution. 

 

 

Figure 67. Complicated root canal anatomy 
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ROOT CANAL IRRIGATION 

 

Irrigation is an important part of root canal treatment because it assists us in 

removing bacteria and debris, and configuring the system so that it can be 

obturated to eliminate dead space. During the past 20 years, endodontics has 

begun to appreciate critically the important role of irrigation in successful 

endodontic treatment. The purpose of endodontic irrigation is to remove debris 

created during instrumentation, and to dissolve and/or flush out inorganic and 

organic remnants of the pulp system, bacteria and bacterial byproducts that are 

not removed by mechanical instrumentation. With the introduction of obturation 

materials designed to bond with dentin, irrigation solutions must be used with 

consideration of the condition of the dentin surface that is most suitable for 

bonding. Fig. 68 shows the dentin surface before and after preparation for 

bonding. Attempts to eliminate pulp space infection with instrumentation only, 

without the use of antimicrobial agents, have proven to be unsuccessful. 

    
a        b 

Figure 68. Dentin surface before (a) and after preparation (b) for bonding 

 

Modern root canal treatment requires to use both mechanical and chemical 

preparation and disinfection of the canal system. It is truly said, “Instruments 

shape, irrigants clean”. 

It follows, the main purposes of root canal irrigation: 

1) removal of vital and necrotic pulp tissue; 

2) neutralization or removal of bacterial cells and their metabolic products 

remaining in the root canal system; 

3) removal of the smear layer. 

In order to get maximum efficiency from the irrigant, the latter must reach 

the apical portion of the canal. The choice of irrigants, their protocol and method 

of use can greatly influence the outcome of endodontic therapy. 

An “ideal irrigant solution” must fulfill some criteria. It should: 

1. Have a broad spectrum of antimicrobial properties. 

2. Aid in the debridement of the canal system. 

3. Have the ability to dissolve necrotic tissue or debris. 

4. Have a low toxicity level. 
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5. Be a good lubricant. 

6. Have low surface tension so that it can easily flow into inaccessible 

areas. 

7. Be able to effectively sterilize the root canal (or at least disinfect them). 

8. Be able to prevent formation of a smear layer during instrumentation or 

dissolve the latter, once it is formed. 

9. Inactivate endotoxin. 

10. Have little potential to cause an anaphylactic reaction. 

11. Be easy to use. 

12. Have an adequate shelf life and be easy to store.  

Functions of irrigants: 

1. Irrigants perform physical and biologic functions. Dentin shavings get 

removed from the canals by irrigation. Thus, they do not get packed at the apex 

of the root canal. 

2. Instruments do not work properly in dry canals. Their efficiency 

increases through use in wet canals. Instruments are less likely to break when 

canal walls are lubricated with irrigation. 

3. Irrigants act as solvent of necrotic tissue, so they loosen debris, pulp 

tissue and microorganisms from irregular dentinal walls. 

4. Irrigants help in removing the debris from accessory and lateral canals 

which instruments cannot reach. 

5. Most irrigants are germicidal but they also have antibacterial action. 

6. Irrigants also have bleaching action to lighten teeth discoloured by 

trauma or extensive silver restorations. 

7. Though presence of irrigants in the canal facilitates instrumentation, 

simultaneous use of some lubricating agents (RC prep, REDTAC, Glyde, etc.) 

makes the instrumentation easier and smoother. 

Types of irrigation solutions. Countless solutions have been used for 

irrigation. These include inert solutions like Isotonic saline to highly caustic 

solutions like formaldehyde. We will only discuss the irrigants used currently.  

The most common irrigants used today are: 

1. Alkalis: sodium hypochlorite. 

2. Chelating agents: ethylene diamine tetra acetic acid (EDTA), citric acid. 

3. Antibacterial agents: chlorhexidine. 

4. Oxidizing agents: hydrogen peroxide, carbamide peroxide. 

 

SODIUM HYPOCHLORITE (NaOCL) 

 

Sodium hypochlorite has been used as an endodontic irrigant since 1920.  

Today, it is the most popular and the most ideal primary irrigating solution. Of 

all the substances currently used, sodium hypochlorite is the most ideal, as it 

covers most of the requirements for endodontic irrigant than any other known 

compound. NaOCL has a unique capacity to dissolve organic tissue. It dissolves 

pulp, necrotic material and organic components of the smear layer. It has a broad 
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Good to know! 

History of chlorine-releasing agents 

Introduced by Dakin during World War I  

1936, Walker — First suggested its use in 

root canal therapy 

1941, Grossman — Used it as an intracanal 

medicament 

1973, Spangberg — 0.5 percent NaOCl has 

a good germicidal activity 

1977, Madden — Compared various  

concentrations of sodium hypochlorite 

spectrum of antibacterial activity and is an excellent lubricant. It is inexpensive, 

easily available and has a reasonably good shelf life. However, it is caustic to 

tissues and should be used with caution. Both patient and doctor should wear 

protective glasses. Rubber dam should be used to prevent leaching into  

the patient’s oral tissues. Forceful extrusion of NaOCL into the periapical region 

can cause a severe inflammatory reaction. 

Mechanism of sodium hypochlorite action. At body temperature, reactive 

chlorine in aqueous solution exists in two forms: hypochlorite (OCl–) and 

hypochlorous acid (HOCl).  

The state of available chlorine 

depends on the solution pH; if it is 

above pH 7.6, it is mainly of 

hypochlorite form; if it is below this 

pH level, it is hypochlorous acid. 

Presence of 5 % free chlorine in 

sodium hypochlorite is responsible 

for breakdown of proteins into 

aminogroups. The pH of commonly 

used sodium hypochlorite is 12, at 

which the (OCl–) form exits. Hypochlorite dissolves necrotic tissue because of 

its high alkaline nature (pH 12). 

Concentration of sodium hypochlorite for endodontic use. There has been 

much controversy over the concentration of hypochlorite solutions to be used in 

endodontics. As Dakin’s original 0.5 % sodium hypochlorite solution was 

designed to treat open (burning) wounds, it was surmised that in the confined 

area of a root canal system, higher concentrations should be used, as they would 

be more efficient than Dakin’s solution. The antibacterial effectiveness and 

tissue-dissolution capacity of aqueous hypochlorite is a function of its 

concentration, but so is its toxicity. It appears that the majority of American 

practitioners use “full strength” 5.25 % sodium hypochlorite as it is sold in  

the form of household bleach. However, severe irritations have been reported 

when such concentrated solutions were inadvertently forced into the periapical 

tissues during irrigation, or leaked through the rubber dam. Furthermore,  

a 5.25 % solution significantly decreases the elastic modulus and flexural 

strength of human dentin compared to physiologic saline, while a 0.5 % solution 

does not. This is most likely because of the proteolytic action of concentrated 

hypochlorite on the collagen matrix of dentin. The reduction of intracanal 

microbiota, on the other hand, is not any greater when 5 % sodium hypochlorite 

is used as an irrigant as compared to 0.5 %. From in-vitro observations, it would 

appear that a 1 % NaOCl solution should suffice to dissolve the entire pulp tissue 

in the course of an endodontic treatment session. It must be realized that during 

irrigation, fresh hypochlorite consistently reaches the canal system, and 

concentration of the solution may thus not play a decisive role. Unclean areas 

may be a result of the inability of solutions to physically reach these areas rather 



88 

than their concentration. Hence, based on the currently available evidence, there 

is no rationale for using hypochlorite solutions at concentrations over 3 %. 

Methods increasing the efficacy of sodium hypochlorite (Fig. 69). 

 

Figure 69. Factors affecting the efficacy of sodium hypochlorite 

 

Importance of time: it must be noted that very few studies or practitioners 

give importance to the time that is required for NaOCl to be effective. NaOCl 

needs at least 40 minutes to completely dissolve pulp tissue. Since antimicrobial 

effectiveness of sodium hypochlorite is directly related to its contact time with 

the canal, the greater the contact time, the more effective it is. This is especially 

important in necrotic cases. With current rotary Ni-Ti systems, the time taken to 

prepare a canal has decreased drastically. Therefore, many a time, NaOCl is not 

placed over an adequate period of time in the canal to be totally effective.  

Heat: it has been shown that warming sodium hypochlorite to 30–40°, 

increases its tissue dissolving properties (Fig. 70, 71). The optimum range of 

hypochlorite temperature for dissolving organics is from 21 °C to 40 °C. 37 °C is 

the optimal temperature level for the maximum bactericidal effect of NaOCl. But 

one should be careful not to overheat the solution because this can cause breakdown 

of sodium hypochlorite constituents and thus may damage the solution. 

 

Figure 70. The activity of sodium hypochlorite based on temperature 
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Figure 71. To warm NaOCl, syringes filled with NaOCl are placed in 40–50 °C water bath 

 

Specialized irrigating syringes and needles. Most studies have shown that 

unaided irrigation requires at least a size #25 apex for it to reach more apical 

portions of the canals. Newer specialized side venting endodontic syringes with  

a narrower diameter (32 gauge) are available which aid in getting irrigant closer 

to the apex and help the irrigant to move sideways (Fig. 72). 

       
Figure 72. Specialized irrigating syringes and needles 

 

Ultrasonics significantly improves the efficacy of NaOCl irrigation. When  

a small file (mostly a #15) is held free in an enlarged canal filled with NaOCL 

and is ultrasonically activated, the ultrasonic energy warms the solution in  

the canal and the resonant vibrations make aqueous NaOCL move into  

the ramifications in the canal difficult to reach, an effect called “acoustic 

streaming”. It should be noted that for acoustic streaming to be effective,  

the ultrasonically activated file should be free in the canal and not bind to  

the canal walls. Therefore, to use a #15 file in an ultrasonic handpiece 1mm short 

of the working length, the canal should be enlarged apically at least. 

Sodium hypochlorite products commonly used in dentistry (Fig. 73). 



90 

Chlorox 3–5 % (USA) 

Parkan 3 % (France) 

Belodez 3–5.2 % (Russia) 

      
Figure 73. Sodium hypochlorite products in dentistry 

 

Complications of accidental spillage of sodium hypoclorite solution. 

1. Damage to clothing. 

Accidental spillage of sodium hypochlorite is probably the most common 

accident to occur during root canal irrigation. Even spillage of minute quantities 

of this agent on clothing will lead to rapid, irreparable bleaching. The patient 

should wear a protective plastic bib, and the practitioner should exercise care 

when transferring syringes filled with hypochlorite to the oral cavity  

2. Eye damage. 

Seemingly mild burns with an alkali such as sodium hypochlorite can result 

in a significant injury as the alkali reacts with the lipid in the corneal epithelial 

cells, forming a soap bubble that may cause blurring of vision and patchy 

colouration of the cornea. Immediate ocular irrigation with a large amount of 

water or sterile saline is required, which is followed by an urgent referral to  

an ophthalmologist. The referral to the nearest eye department should ideally be 

made immediately by telephone. The use of adequate eye protection during 

endodontic treatment should eliminate the risk of occurrence of this accident, but 

sterile saline should always be available to irrigate eyes injured with 

hypochlorite. It has been advised that eyes exposed to undiluted bleach should be 

irrigated for 15 minutes with a liter of normal saline. 

3. Damage to skin. 

Skin injury with an alkaline substance requires immediate irrigation with 

water as alkalis combine with proteins or fats in tissue to form soluble protein 

complexes or soaps. These complexes permit the passage of hydroxyl ions deep 

into the tissue, thereby limiting their contact with the water dilutant on the skin 

surface. 

Water is the agent of choice for irrigating skin and it should be delivered at 

low pressure as high pressure may spread hypochlorite into the patient’s or 

rescuer’s eyes. 
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4. Damage to oral mucosa. 

Surface injury is caused by the reaction of alkali with protein and fats as in 

the case of eye injuries described above. Swallowing of sodium hypochlorite 

requires the patient to be monitored following immediate treatment. It is worth 

noting that skin damage can result from secondary contamination. 

Complications arising from hypochlorite extrusion beyond the root apex. 

1. Chemical burns and tissue necrosis. 

When sodium hypochlorite is extruded beyond the root canal into  

the periradicular tissues (Fig. 74), the effect is one of a chemical burn leading to 

a localised or extensive tissue necrosis. Given the widespread use of 

hypochlorite, this complication is fortunately very rare indeed. A severe acute 

inflammatory reaction of the tissues develops. This leads to rapid tissue swelling 

both intraorally within the surrounding mucosa and extraorally within the skin 

and subcutaneous tissues. 

 

Figure 74. NaOCl extrusion in periapical tissue 

 

The swelling may be oedematous, haemorrhagic or both, and may extend 

beyond the region that might be expected with an acute infection of the affected 

tooth (Fig. 75, 76). Sudden onset of pain is a hallmark of tissue damage, and may 

occur immediately or be delayed for several minutes or hours. Involvement of 

the maxillary sinus will lead to acute sinusitis. Associated bleeding into  

the interstitial tissues results in bruising and ecchymosis of the surrounding 

mucosa and possibly the facial skin, and may include the formation of  

a haematoma. A necrotic ulceration of the mucosa adjacent to the tooth may 

occur as a direct result of the chemical burn. This reaction of the tissues may 

occur within minutes or may be delayed and appear some hours or days later.  

If these symptoms develop, urgent telephone referral should be made to  

the nearest maxillofacial unit. Patients will be assessed by the on-call 

maxillofacial team. Treatment is determined by the extent and rapidity of the soft 

tissue swelling but may necessitate urgent hospitalisation and administration of 

intravenous steroids and antibiotics. 
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Figure 75. Bruising and oedema of  

the patient who presented with NaOCl 

extrusion into the soft tissues 

 
Figure 76. Swelling and extraoral ecchymosis 

following inadvertent extrusion of sodium 

hypochlorite (3 %) through the apical foramen 

of the maxillary left cuspid 

 

Although the evidence for the use of antibiotics in these patients is not 

necessary, secondary bacterial infection is a distinct possibility in the areas of  

the necrotic tissue and, therefore, they are often prescribed as part of the overall 

patient management. Surgical drainage or debridement may also be required 

depending on the extent and character of the tissue swelling and necrosis. 

2. Neurological complications. 

There have been described paraesthesia and anaesthesia affecting  

the mental, inferior alveolar and infraorbital branches of the trigeminal nerve 

following inadvertent extrusion of sodium hypochlorite beyond the root canals. 

Normal sensation may take many months to completely resolve. Facial nerve 

damage was first described in 2005 (Witton et al.). The buccal branch of  

the facial nerve was affected. Patients exhibited loss of the naso-labial groove 

and a down turning of the angle of the mouth. Their motor function was regained 

in several months.  

Preventive measures that should be taken to minimise potential 

complications with sodium hypochlorite: 

– Plastic bib to protect the patient’s clothing. 

– Provision of protective eye-wear for both patient and operator. 

– The use of a sealed rubber dam for isolation of the tooth under treatment. 

– The use of side exit needles for root canal irrigation (Fig. 77). 

– Irrigation needle a minimum of 3 mm short of the working length  

(Fig. 78, 79). 

– Avoidance of wedging the needle into the root canal. 

– Avoidance of excessive pressure during irrigation. 
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Figure 77. Special endodontic needle using        Figure 78. Correct position of 

the endodontic needle in the root canal 

 

 

Figure 79. Placement of rubber stop on the irrigation needle 

 

Emergency management of accidental hypochlorite damage. Eye injuries: 

1. Irrigate gently with normal saline. If normal saline is insufficient or 

unavailable, tap water should be used. 

2. Refer for an ophthalmologist’s opinion. 

Skin injuries: 

1. Wash thoroughly and gently with normal saline or tap water. 

Oral mucosa injuries: 

1. Copious rinsing with water. 

2. Analgesia if required. 

3. If visible tissue damage, antibiotics are administered to reduce the risk of 

secondary infection. 

4. If any possibility of ingestion or inhalation, refer to emergency 

department. 
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Treatment strategy in case of a NaOCl incident: 

1. The patient informed on the cause and severity of complication. 

2. Pain control: local anaesthesia, analgesics. 

3. In severe cases: referral to hospital. 

4. Extraoral cold compresses for reducing swelling. 

5. In a day: warm compresses and frequent warm mouth rinses for 

stimulating local systemic circulation. 

6. Daily recall for control of recovery. 

7. Antibiotics: not obligatory. Only in cases of high risk or evidence of 

secondary infection. 

8. Antihistamine: not obligatory. 

9. Corticosteroids: controversial. 

10. Further endodontic therapy with sterile saline or chlorhexidine as root 

canal irrigants. 

The main advantages and disadvantages of using sodium hypochlorite in 

dental practice are described in Table 7. 
Table 7 

Sodium hypochlorite resume 

Advantages Disadvantages 

It causes tissue 

dissolution. 

It has antibacterial 

and bleaching action. 

It causes lubrication 

of canals. 

Economical. 

Easily available 

Because of high surface tension, its ability to wet dentin is reduced. 

Irritant to tissues, if extruded periapically, it can result in severe  

cellular damage. 

If comes in contact, it causes inflammation of gingiva because of 

its caustic nature. 

It can bleach the clothes if spilt. 

It has bad odour and taste. 

Vapours of sodium hypochlorite can irritate the eyes. 

It can be corrosive to the instruments  

 

ETHYLENE DIAMINE TETRA ACETIC ACID (EDTA),  

CITRIC ACID 

 

Although sodium hypochlorite appears to be the most desirable single 

endodontic irrigant, it cannot dissolve inorganic dentin particles and thus cannot 

prevent the formation of a smear layer during instrumentation. In addition, 

calcifications hindering mechanical preparation are frequently encountered  

in the canal system. Demineralising (chelating) agents such as ethylene diamine 

tetra acetic acid (EDTA) and citric acid have therefore been recommended as 

adjuvants in root canal therapy. Chelating agent is defined as a chemical which 

combineswith a metal to form chelate (Fig. 80). Although citric acid appears to 

be slightly more potent at similar concentration than EDTA, both agents show 

high efficiency in removing the smear layer. 

Functions of EDTA: lubrication; emulsification; holding debris in 

suspension; smear layer removal (Fig. 81). 
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Figure 80. Chelate forming       Figure 81. The internal surface of the root canal 

with a smear layer and without it 

 

Mechanism of EDTA action: 

1. It inhibits growth of bacteria and ultimately destroys them by starvation 

because EDTA chelates with the metallic ions in medium which are necessary 

for growth of microorganisms. 

2. EDTA has a self limiting action. It forms a stable bond with calcium and 

dissolves dentin, but when all chelating ions have reacted, an equilibrium is 

reached, which prevents further dissolution. 

Use of EDTA: 

1) it has dentin dissolving properties; 

2) it helps to enlarge narrow canals; 

3) it makes manipulation of instruments easier; 

4) it reduces time needed for debridement. 

Chelating agents can be applied in liquid or paste-type form.The use of 

paste type preparation was first advocated by Stewart who devised a combination 

of urea peroxide with glycerol. Later, this product was modified by combining 

EDTA, urea peroxide and water soluble carbowax, i. e. polyethylene glycol as 

vehicle. This product is commercially available as RC Prep(Unident). It is  

an effective lubricating and cleaning agent. Presence of glycol makes it a 

lubricant and coats the instrument, which facilitates its movement in the canal. 

The others commonly used EDTA products in dentistry (Fig. 82): 

Pastes: Canal + (Septodont, France); 

  Dilaton-gel (Systema, Russia); 

  Endogel № 1 (VladMiVa, Russia) 

Liquid: Largal Ultra (Septodont, France). 

Citric acid. Another commonly used chelating agent for removing  

the smear layer as irrigating solution is citric acid. It can be used alone or in 

combination with other irrigants but EDTA or citric acid should never be mixed 
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with sodium hypochlorite because EDTA and citric acid strongly interact with 

sodium hypochlorite. This immediately reduces the available chlorine in  

the solution, thus making it ineffective against bacteria. 

   
Figure 82. EDTA products in dentistry 

 

CHLORHEXIDINE 

 

Chlorhexidine is a potent antiseptic which is widely used for chemical 

plaque control in the oral cavity. Aqueous solutions of 0.1 to 0.2 % are 

recommended for that purpose, while 2 % is the concentration of the root canal 

irrigating solutions usually found in endodontic literature. As with sodium 

hypochlorite, heating chlorhexidine irrigant of a lower concentration could 

increase its local efficacy in the root canal system while keeping the systemic 

toxicity low. Chlorhexidine does not have any tissue dissolution properties and, 

therefore, cannot be used as a primary irrigant in endodontics. It is, however, 

used as an adjuvant to NaOCL.  

Chlorhexidine is more effective against gram-positive bacteria than gram-

negative bacteria. However, in primary endodontic infections, which are usually 

poly-microbial, gram-negative anaerobes predominate. Chlorhexidine is 

particularly effective against E. Faecalis, a bacterium commonly found in failed 

root canals. Therefore, the use of chlorhexidine as an adjuvant is suggested 

especially in nonvital and retreatment cases. Chlorhexidine has an affinity to 

dental hard tissues, and once bound to the surface, has a prolonged antimicrobial 

activity, a phenomenon called “substantivity”. Therefore, it is often used as  

the final irrigant. 

Despite its usefulness as the final irrigant, chlorhexidine cannot be 

advocated as the main irrigant in standard endodontic cases, because:  

a) chlorhexidine is unable to dissolve necrotic tissue remnants, b) chlorhexidine 

is less effective on gram-negative than on gram-positive bacteria. 

Mechanisms of action. Chlorhexidine is a broad spectrum antimicrobial 

agent. The antibacterial mechanism of chlorhexidine is related to its cation 

icbisbiguanide molecular structure. The cationic molecule is absorbed to  
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the negatively charged inner cell membrane, thus causing leakage of intracellular 

components. At low concentration, it acts as a bacteriostatic, whereas at higher 

concentrations it causes coagulation and precipitation of cytoplasm and, 

therefore, acts as a bactericidal agent. It shows optimal antimicrobial action 

between pH 5.5–7.0. 

Chlorhexidine 2 % products in dentistry: Belsol № 2 (VladMiVa, Russia) 

(Fig. 83). 

Chlorhexidine is a very reactive compound and forms precipitates with both 

EDTA and NaOCl (Fig. 84). Thus the root canal should be rinsed with distilled 

water before another irrigant solution is used to avoid chemical reaction. 

           

Figure 83. Chlorhexidine 2 % product      Figure 84. Demonstration of precipitates formed 

in dentistry          with 2 % chlorhexidine 

 

HYDROGEN PEROXIDE 

 

It is a clear, odourless liquid. It is mainly a 3 % 

solution which is used as an irrigating agent  

(Fig. 85). 

Mechanism of action: 

1. It is highly unstable and easily decomposed 

by heat and light. It rapidly dissociates into  

H2O + [O] (water and nascent oxygen). On coming 

in contact with tissue enzymes, catalase and 

peroxidase, atomic [O] produces bactericidal effect 

but this effect is transient and diminishes in presence 

of organic debris. 

2. It causes oxidation of bacterial sulfhydryl 

group of enzymes and thus interferes with bacterial 

metabolism. 

3. A rapid release of [O] nascent oxygen in 

case of contact with organic tissue results in 

effervescence or bubbling action, which is thought to aid in mechanical 

Figure 85. Hydrogen peroxide 

3 % product in dentistry 



98 

debridement by dislodging particles of necrotic tissue and dentinal debris and 

floating them to the surface. 

Hydrogen peroxide use. It is used as an irrigating solution either alone or 

alternatively with sodium hypochlorite. The advantages of using alternating 

solutions of 3 % H2O2 and 3 % NaOCl are: 

1. Effervescent reaction by hydrogen peroxide bubbles pushes debris 

mechanically out of the root canal. 

2. Solvent action of sodium hypochlorite on organic debris. 

3. Disinfecting and bleaching action by both solutions. 

While using in combination with sodium hypochlorite, always use sodium 

hypochlorite in the end because hydrogenperoxide can react with pulp debris and 

blood to produce gas (nascent oxygen) which builds up pressure on closing  

the tooth, which can result in severe pain. 

The comparative characteristics of root irrigants are presented in Table 8. 
Table 8 

Overview on the features of aqueous irrigants frequently recommended for endodontic use 

Compound 

(recommended 

concentration) 

Type 

Action  

on endo-

dontic 

Taxa-

Biofilm 

Tissue 

disso-

lution 

capacity 

Endo-

toxin 

inacti-

vation 

Action on 

smear layer 

Caustic 

potential 

Allergic 

potential 

Hydrogen 

peroxide, 3 % 
Peroxygen + – – – D. o. c. – 

Sodium 

hypochlorite, 

1–5.25 % 

Halogen-

releasing 

agent 

++ +++ + 
++ on organic 

compounds 
D. o. c. + 

Chlorhexidine, 

2 % 
Bisguanide ++ – + – D. o. c. + 

EDTA,  

15–17 % 

Polyprotic 

acid 
+ – – 

++ on inorg. 

compounds 
– – 

Citric acid  

(10–50 %) 

Organic 

acid 
– – – 

+++ on inorg. 

compounds 
– – 

– absent or minor, + reported,  ++ definitely present, +++ strong.  

D. o. c.: depending on concentration 

Modified from Matthias Zehnder, Dr. med. dent., PhD  

Root Canal Irrigants JOE — Vol. 32, N 5, May 2006. 

 

IRRIGATION TECHNIQUE AND PROTOCOL 

 

Irrigation methods (Van der Sluis, 2007): 

– Manual (conventional); 

– Ultrasonic; 

– Sound (EndoActivator); 

– Laser; 

– Hydrodynamic (RinsEndo, EndoVac). 
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Although the technique of irrigation is simple and easy, still care should be 

taken while irrigating with different syringes or system. The following points 

should be in mind while irrigating the canal: 

1. The solution must be introduced slowly and passively into the canal. 

2. The needle should never be wedged into the canal and should allow  

an adequate back-flow. 

3. Blunted needles of 25 gauge or 27 gauge are preferred. 

4. In case of small canals, deposit the solution in the pulp chamber. Then 

the file will carry the solution into the canal. Capillary action of a narrow canal 

will stain the solution. To remove the excess fluid, either an aspirating syringe or 

2 × 2 inches folded gauge pad is placed near the chamber. To further dry  

the canal, remove the residual solution with paper point. 

5. The canal size and shape are crucial for irrigation of the canal. For 

effective cleaning of the apical area, the canals must be enlarged to size 30 and to 

a larger size. 

6. Regardless of the delivery system, irrigants must never be forcibly 

inserted into the apical tissue but gently placed into the canal. 

7. For effective cleaning, the needle delivering the solution should be in 

close proximity to the material to be removed. 

8. In case of large canals, the tip of the needle should be introduced until 

resistance is felt, then withdraw the needle 2–3 mm away from that point and 

irrigate the canal passively. For removing the solution, sterile gauge pack or 

paper points should be used. 

9. In order to clean effectively in both anterior and posterior teeth canals,  

a blunt bend of 30° in the centre of the needle can be given to reach the optimum 

length to the canal. 

10. The volume of irrigation solution is more important than concentration 

or type of the irrigant. 

Manual (conventional) irrigation. It is important to use a needle that is thin 

enough to reach the apical part of the root canal. The solution is normally not 

injected more than one mm of the needle penetration depth. The needle should be 

free and not bind in the canal. If back-pressure (resistance to injection) is felt, 

then the needle should be withdrawn and injection attempted again. Notched 

needle tips prevent forceful injection of solution apically. Side venting needles 

also prevent apical extrusion of the irrigant. Slow introduction of the irrigant in 

combination with constant back-and-forth motions of the needle will minimize 

inadvertent removal of sodium hypochlorite to the periapical tissues. It is better 

to put the pressure on the plunger of the syringe with the forefinger (not thumb) 

for better tactile control (Fig. 86). 

Traditional (manual) methods of irrigation using a syringe and endodontic 

needle provide satisfactory disinfection in the middle coronal third of the root 

canal, but are not sufficiently effective from the view point of cleaning its walls 

at the apex (O'Connel, 2000). Machtou (1980) proposed a method for the 

activation of irrigant in the root canal using gutta percha point (Fig. 87). 
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Endodontic tip NaviTip FX (Ultradent) is an irrigation needle and brush for 

mechanical activation of irrigants that are used at the same time (Fig. 88). 

 
a       b 

Figure 86. The position of the fingers on the plunger irrigation syringe (a) correct and (b) 

incorrect (A. V. Bolyachin, T. S. Belyaeva) 

 

 
a        b 

Figure 87. Activation of irrigant in the root canal using gutta percha point: 

a — a clear irrigant solution fills the root canals and pulp chamber; b — turbidity of  

the solution shows its activity 

 

 

Figure 88. NaviTip FX (Ultradent) 
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Ultrasonic irrigation. For successful irrigation, it is necessary to deliver  

the disinfectant solution to the entire working length of the root canal. With 

classical endodontic syringes and needles it is not always possible to achieve; in 

the narrow canals of the root the irrigant solution does not reach the apex due to 

surface tension, leaving the so-called “air bubble”. As a result, the apical portion 

of the root canal remains inadequately treated. 

Ultrasonic irrigation has shown to clean the root canals or eliminate bacteria 

from the walls better than conventional methods (hand instrumentation alone). 

The use of ultrasonics causes a continuous flow of an irrigant in the canal, thus 

preventing accumulation of debris in the canal (Fig. 89, 90). 

       

Figure 89. Ultrasonic activation of irrigating solution      Figure 90. Ultrasonic tip 

 

Mechanism of the action. When a small file is placed in the canal, ultrasonic 

activation is given. The ultrasonic energy passes through irrigating solution and 

exerts its “acoustic streaming or scrubbing” effect on the canal wall (Fig. 91). 

This mechanical energy warms the irrigant solution and dislodges debris from 

the canal. 

 

Figure 91. Ultrasonic irrigation mechanism 
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The combination of activating and heating the irrigating solution is adjunct 

in cleaning the root canal. 

Advantages: 

1. It cleans the root canal walls better than conventional ones. 

2. It removes the smear layer efficiently. 

3. It dislodges the debris from the canal better due to an acoustic effect. 

Disadvantages: 

1. Ultrasonic preparation of the canal is found to be unpredictable. 

2. It can lead to excessive cutting of the canal walls and may damage the 

finished preparation. 

Sound and hydrodynamic irrigation techniques (EndoActivator, RinsEndo). 

EndoActivator system (Dentsply) consists of the handpiece and different sizes of 

replaceable tips polymer (Fig. 92). This sound system is designed for safe-

channel activation of various kinds of reagents for the hydrodynamic effect.  

It is very important that sound irrigation technique highly improves disinfection 

of the root canal system (Walmsley. Lumley and Laird, 1989; Pitt, 2005; Jensen 

et al., 1999). 

   

Figure 92. EndoActivator System (Dentsply) 

 

Studies show the EndoActivator system is able to clean the lateral branches 

of the canal, remove smear layer and biofilm in curved molar canals (Caron, 

2007; Gulabivala, 2006). In the well-formed canals, EndoActivator efficiency 

increases. The main function of the EndoActivator device is to produce strong 

intracanal shaking fluid flow and acoustic cavitation. Such hydrodynamic 

activation promotes penetration, distribution and movement of irrigants into  

the most inaccessible places of the root canal system (Guerisolo et al., 2002). 

RinsEndo is a highly effective and time efficient method of irrigating 

prepared root canals. The RinsEndo handpiece fully irrigates right to the apex 

(Fig. 93). Germs and debris are effectively removed even under complicated 

anatomical conditions such as strong curvature and small diameters. RinsEndo 

replaces time consuming manual syringe irrigation. The ergonomic titanium 

handpiece accepts a specially designed single-use cannula with a 7 mm long 

aperture. The long aperture eliminates blockage enabling the irrigation solution 
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to reach and disinfect all portions of the canal. 

A protective stopper guards against splatter 

and serves as a positioning device for the 

saliva ejector. During the operation, RinsEndo 

employs exclusive, patented pressure suction 

technology to thoroughly flush the canal. In the 

pressure phase, 65 microliters of solution are 

automatically drawn from the attached syringe 

and aspirated into the canal. In the suction 

phase, the solution used and air are aspirated 

back. The pressure created by RinsEndo 

irrigation is lower than the pressure created by 

a syringe during manual irrigation. 

The following irrigation protocol is suggested: 

1. The primary irrigant should be sodium hypochlorite. Hypochlorite should 

be used copiously after each instrument to flush out debris. This also ensures 

fresh irrigant in the canal every time to enhance the antimicrobial action. Once 

the shaping procedure is complete and the canal is enlarged to a sufficient size, 

fill the canal with hypochlorite. Insert a # 15 ultrasonic file that is loose in  

the canal and activate ultrasonically for 30 seconds. Irrigate again with NaOCl 

and repeat the procedure for 5 minutes. 

2. Next, irrigate copiously with aqueous EDTA or citric acid for about  

1 minute to remove the smear layer. About 5 to 10 ml of the solution should be 

used.  

3. The final irrigation should be with chlorhexidine. As traces of EDTA or 

citric acid can weaken root dentin, copious amount of chlorhexidine should be 

used to wash out the demineralizing solution. Chlorhexidine is a good final 

irrigant because it exhibits substantivity. 

 

INTRACANAL MEDICATIONS 

 

Microorganisms have been well known to play a role in pulpal and 

periapical diseases. The bacteria associated with primary endodontic infections 

are mixed, but are predominantly gram-negative anaerobic rods, whereas  

the bacteria associated with secondary infection comprise only one or a few 

bacterial species — the most important of which is Enterococcus facecalis. 

Eradication of causative microorganisms during root canal treatment procedures 

helps attain successful results.  

Because of the complex nature of the root canal system and the presence of 

many inaccessible areas, a combination of mechanical instrumentation and 

irrigation is necessary to decrease the amount of bacteria/microorganisms in  

the root canal system. However, chemomechanical preparation is often not 

sufficient, and many bacteria may remain in the root canal system. 

Figure 93. RinsEndo system  

(Dürr Dental, Bietigheim, Germany) 
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Intracanal medicaments in endodontics have been used for a number of 

reasons including the elimination or reduction of microorganisms, rendering 

canal contents inert, prevention of post-treatment pain, and to enhance 

anaesthesia. Inter-appointment intracanal medication has been unequivocally 

shown to contribute to favourable outcomes when treating endodontic infections. 

The need for intracanal medication is greater in those cases where bacteria are 

resistant to routine treatment, and where the therapy cannot be successfully 

completed due to the presence of pain or continuing exudate. Some endodontic 

conditions are ideally treated in several appointments which may be extended 

over a long period of time. This allows various medicaments to be used depending 

on the status of the pulp, periapical tissues, hard dental tissues (such as cementum) 

and the condition of the apical foramen (i. e., “open”, or fully developed and 

unaffected by resorption). The minimum interappointment time interval should 

be not less than 14 days, since inflammation takes at least 10–14 days to subside 

or heal, but longer periods are generally more desirable as most medicaments 

take 3–4 weeks to reach their maximum concentration within the peripheral 

dentine. In addition, if signs or symptoms are not subsiding, then a longer period 

of medication time or an alternative medicament may be necessary. Many hand 

and rotary instrumentation techniques tend to produce round preparations 

(especially in oval canals) leaving some areas uninstrumented and hence 

possibly containing infected debris. It has been estimated that as much as 50 % 

of the canal wall may remain uninstrumented during preparation. The remaining 

necrotic tissue remnants may provide a source of nutrition for any surviving 

bacteria. 

In addition, bacteria are likely to remain in dentinal tubules after 

instrumentation. If this occurs, calcium hydroxide and other disinfectants that 

require a direct physical contact with pathogens may be ineffective.  

The presence of microorganisms inside a root canal may not necessarily lead to 

the failure of treatment, but their absence will certainly lead to healing.  

Medicaments are used as an aid to improve the predictability and prognosis 

of endodontic treatment. They are used in endodontic therapy in order to: 

– eliminate or destroy any remaining viable bacteria in the root canal 

system that have not been destroyed by chemomechanical preparation processes 

(i. e., instrumentation and irrigation); 

– reduce periradicular inflammation and hence reduce pain; 

– help eliminate apical exudate if it is present; 

– prevent or arrest inflammatory root resorption if it is present; 

– prevent reinfection of the root canal system by acting as both a chemical 

and a physical barrier if temporary or interim restoration breaks down. 

A root canal medicament (disinfectant) should have the following 

properties: 

1. It should be effective germicide and fungicide. 

2. It should be non-irritating to pulpal tissue. 

3. It should remain stable in the solution. 
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4. It should have a prolonged antimicrobial action. 

5. It should remain active in the presence of blood and pus, etc. 

6. It should have low surface tension. 

7. It should not interfere with repair of periapical tissue. 

8. It should not stain the tooth. 

9. It should be capable of inactivation in the culture media. 

10. It should not induce immune response. 

The main indications for the root canal temporary obturation: 

1. Intracanal medicament. 

2. Apexification. 

3. Exudation control. 

4. Periapical lesions. 

5. Root resorption. 

6. Temporary root filling. 

7. Perforations. 

8. Underdeveloped pulpless teeth. 

There are many different intracanal medicaments used in dentistry (Fig. 94). 

But the material of choice is calcium hydroxide. The use of calcium hydroxide in 

endodontics was introduced by Hermann in 1920. It has taken up a unique 

position in endodontics. After its successful clinical applications for a variety of 

indications, multiple biological functions have been attributed to calcium 

hydroxide. 

 

Figure 94. Ca(OH)2 product in dentistry (paste form) 

 

EFFECTS OF CALCIUM HYDROXIDE 

 

Physical: 

– It acts as a physical barrier for ingress of bacteria. 

– It destroys the remaining bacteria by limiting space for multiplication and 

holding substrate for growth. 

Chemical: 

– It shows an antiseptic action probably because of its high pH and its 

leaching action on necrotic pulp tissues. It also increases the pH of circumpulpal 

dentin when placed into the root canal. 

– It suppresses enzymatic activity and disrupts a cell membrane. 

– It inhibits DNA replication by splitting it. 
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– It hydrolyses the lipid part of bacterial 

lipopolysaccharide (LPS), and thus inactivates  

the activity of LPS. This is a desirable effect because  

a dead cell wall material remains after killing bacteria 

which may cause infection. 

Calcium hydroxide is available in: 
a) paste form: single paste (Metapaste, BIOMED 

Co., LTD. (South Korea),) or in combination with 
iodoform (Metapex, BIOMED Co., LTD. (South 
Korea)) (Fig. 94); 

b) powder form: powder form is mixed with 

saline and anaesthetic solution (Fig. 95). For 

placement in root canals it is coated with the help of 

paper points, spreaders or lentulo spirals. 

Indications of calcium hydroxide use: 

– in weeping canals; 

– in treatment of phoenix abscess; 

– in resorption cases; 

– for apexification; 

– during pulpotomy; 

– for non-surgical treatment of periapical lesion; 

– in cases of direct and indirect pulp capping; 

– as sealer for obturation. 

Disadvantages of calcium hydroxide as intracanal medicament: 

1. Difficult to remove from the canals. 

2. Decreases setting time of zinc oxide eugenol-based cements. 

Use of calcium hydroxide in weeping canal cases (Fig. 96). Sometimes  

a tooth undergoing root canal treatment shows constant clear or reddish 

exudation associated with periapical radiolucency. The tooth can be 

asymptomatic or tender on percussion. When opened during the next 

appointment, exudates stops but it again reappears during the following 

appointment. This is known as “a weeping canal”. In these cases, the tooth with 

exudates is not ready for filling, since culture reports normally show negative 

bacterial growth; antibiotics are of no help in such cases.  

 

Figure 96. Weeping canal cases treatment algorithm 

Figure 95. Ca(OH)2 product 

in dentistry (powder form) 



 107 

For such teeth, dry the canals with sterile 

absorbent paper points and place calcium 

hydroxide into the canal (Fig. 97). To exclude 

bacterial contamination of the root canal system, 

adequate temporary seals between appointments 

are required (for example, glass ionomer cement). 

By the next appointment, one finds a dry canal, 

ready for obturation. It happens because pH of 

periapical tissues is acidic in the weeping stage 

which gets converted into basic pH by calcium 

hydroxide. Ca(OH)2 also builds up the bone in the 

lesion due to its calcifying action. 

 

 

CHARACTERISTICS OF SOME OTHER INTRACANAL 

MEDICAMENTS 

 

Essential oils, eugenol. It has been used in endodontics for many years. It is 

a constituent of most root canal sealers and is used as a part of many temporary 

sealing agents. This substance is the chemical essence of oil of clove and is 

related to phenol. The effects of eugenol are dependent on tissue concentrations 

of eugenol. These are divided into low dose (beneficial effects) and high dose 

(toxic effects). Low doses show anti-inflammatory activity while high doses 

exert cytotoxic effects. 

Use of eugenol: 

1. Used as an intracanal medicament. 

2. Used as a root canal sealer. 

3. Part of temporary sealing agents. 

Aldehydes. Formaldehyde, paraformaldehyde and glutaraldehyde are 

intracanal medicaments commonly used in root canal therapy. These are water 

soluble protein denaturing agents and are considered among the most potent 

disinfectants. They are mainly applied as disinfectants for surfaces and medical 

equipment which cannot be sterilized, but they are quite toxic and allergic, and 

some may even be carcinogenic. 

Formocresol. Formocresol contains formaldehyde as its main ingredient, 

and is still a widely used medicament for pulpotomy procedures in primary teeth 

but its toxic and mutagenic properties are of concern. 

Composition of formocresol. Formaldehyde — 19 percent. Cresol —  

35 percent. Water and glycerine — 46 percent. Formocresol is used as dressing 

for pulpotomy to fix the retained pulpal tissue. 

Paraformaldehyde. It is a polymeric form of formaldehyde, and is commonly 

found as a component of some root canal obturating materials like 

endomethasone. It slowly decomposes to give out formocresol, its monomer. Its 

Figure 97. Closing the root canal 

system between appointments 
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properties are similar to formaldehyde that is toxic, allergenic and genotoxic in 

nature. All phenolic and similar compounds are highly volatile with low surface 

tension. Therefore, if they are placed on a cotton pellet in the chamber of a tooth 

during treatment, the vapours will permeate the entire canal preparation, so 

placement on a paper point is unnecessary. Only a tiny quantity of medication is 

needed for effectiveness, otherwise, chances of periapical irritation are increased. 

Corticosteroid-antibiotic combinations. Medications that combine antibiotic 

and corticosteroid elements are highly effective in the treatment of 

overinstrumentation; they must be placed into the inflamed periapical tissue by  

a paper point or reamer to be effective. Tetra-Cortril, Corti-sporin, Mycolog, and 

other combinations are available for their use in endodontics. Ledermix is one of 

the best known corticosteroid-antibiotic combination (Fig. 98).  

 

Figure 98. Ledermix for dental use 

 

The corticosteroid constituent reduces periapical inflammation and gives 

almost an instant relief of pain to the patient who complains of extreme 

tenderness to percussion after canal instrumentation. While the antibiotic 

constituents present in the corticosteroid antibiotic combination prevent  

the overgrowth of microorganisms when the inflammation subsides. 

Elimination of microbial contamination from the root canal system is  

a prerequisite to the successful outcome of root canal treatment. The evidence 

shows that mechanical instrumentation, irrigation, and use of intraappointment 

medication are all important in this regard. However, all of the currently 

available antimicrobial materials for root canal irrigation and medication have 

limitations, and the search for an ideal irrigant and intraappointment medicament 

continues. 
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Chapter 5 

OBTURATION TECHNIQUES AND MATERIALS  

FOR THE ROOT CANAL SYSTEM 
 

Success in endodontic treatment was originally based on the triad of 

debridement, thorough disinfection, and obturation with all aspects equally 

important.  

After the root canal system has been appropriately prepared, it must be 

obturated with a material capable of completely preventing communication 

between the oral cavity and the periapical tissue wound.  

Nearly 60 % of the failures in endodontic treatment are apparently caused 

by incomplete obliteration of the radicular space. 

Purpose of obturation: 

1. To achieve total obliteration of the root canal spaces so as to prevent 

ingress of bacteria’s and body fluids into root canal space as well as egress of 

bacteria’s which are left in the canal.  

2. To attain fluid tight seal so as to prevent bacterial microleakage.  

3. To replace the empty root canal space with an inert filling material so as 

to prevent recurrent infection.  

4. To seal the root canal space as well as to have coronal seal for long term 

success of root canal therapy.  

Root canal filling materials may be divided into three types: 

– cones (cores); 

– sealers; 

– combination of the two. 

Cones are prefabricated root canal filling materials of a given size and 

shape (taper).  

Sealers are pastes and cements that are mixed and hardened by a chemical 

setting reaction after a given amount of time. Setting time varies between the 

various preparations, from minutes up to days. Combination of cones and sealers 

is currently recommended.  

 

CORE MATERIALS 

 

Properties of an Ideal Obturation Material: 
1. Easily manipulated and provides ample working time. 

2. Dimensionally stable with no shrinkage once inserted. 

3. Seals the canal laterally and apically, conforming to its complex internal 

anatomy. 

4. Nonirritating to the periapical tissues.  

5. Impervious to moisture, and nonporous. 

6. Unaffected by tissue fluids — no corrosion or oxidization. 

7. It should be bacteriostatic or at least not encourage bacterial growth. 
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8. It should not shrink after being inserted. 

9. Radiopaque and easily discernible on radiographs. 

10. It Does not discolor tooth structure. 

11. Sterile or easily and quickly sterilized immediately before insertion. 

12. Easily removed from the canal if necessary. 

 

GUTTA-PERCHA 

 

Gutta-percha is the most commonly used root canal filling material.  

Modern gutta-percha cones that are used for root canal fillings contain only 

about 20 % gutta-percha. The major component is zinc oxide (60 % to 75 %). 

The remaining 5 % to 10 % consists of various resins, waxes, and metal sulfates.  

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 advantages of gutta-percha as a filling material are the following: 

1. It is compactible and adapts excellently to the irregularities and contour 

of the canal by the lateral and vertical condensation method. 

2. It can be softened and made plastic by heat or by organic solvents 

(eucalyptol, chloroform, xylol, turpentine). 

3. It is inert. 

4. It has dimensional stability; when unaltered by organic solvents, it will 

not shrink. 

5. It is tissue tolerant (nonallergenic). 

6. It will not discolor the tooth structure. 

7. It is radiopaque. 

8. It can be easily removed from the canal when necessary. 

Disadvantages: 
1. It lacks rigidity. The smallest, standardized gutta-percha cones are 

relatively more difficult to use unless canals are enlarged above size 25. Because 

of their greater taper, nonstandardized cones of smaller sizes are more rigid than 
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small standardized cones and are often used to better advantage as primary cones 

in small canals. 

2. It lacks adhesive quality. Gutta-percha does not adhere to the canal walls; 

consequently, sealer is required. The necessary use of a cementing agent 

introduces the risk of using tissue-irritating sealers. 

3. It can be easily displaced by pressure. Gutta-percha permits vertical 

distortion by stretching. This characteristic may tend to induce overextension 

during the condensing process. Unless it meets an obstruction or is packed 

against a definite apical constriction, it can be easily pushed beyond the apical 

foramen.  

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 (Fig. 99). 

 

Figure 99. Cone shaped gutta-percha points 

 

Today these cones are preferred by dentists who use the warm gutta-percha 

vertical compaction technique of filling. Also, because the original spreaders 

used in the lateral compaction technique were shaped to match these cone shapes 

and sizes, traditional cones have long been used as the accessory cones in  

the lateral compaction technique.  

The other shape of gutta-percha points is standardized to the same size and 

shape as the standardized (ISO) endodontic instruments (Fig. 100). 

 

Figure 100. Standard gutta-percha cone 
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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. 

Gutta-percha cones are available in non- standardized form (Fig. 101).  

The non-standardized cones have relatively small diameter tips compared to their 

larger bodies. Their nomenclature refers to these two dimensions — a «fine-

medium» cone has a fine tip and a medium body. 

 

Figure 101. Nonstandardized (top) and standardized (bottom) cones 

 

The accessory gutta-percha points have a pointed shape. They are available 

in assorted sizes and are used to supplement the standardized master point to fill 

the coronal flared part of the root canal. 

Detailed information on the dimentional structure of gutta-percha pins of 

various types is presented in Table 9. 
Table 9 

Dimensions of gutta-percha cones 

Type of cone Size 

Standardized cones Corresponds in diameter and taper (2 %) to root canal shaping 

instruments according to ISO 6877.  

The sizes of the gutta-percha cones range from ISO 10 to ISO 140 

Accessory cones Larger taper, descriptive size, may be used for lateral compaction 

Greater taper cones Cones with a 4 % or 6 % (and up to 12 %) taper or cones with varying 

taper used together with special engine-driven root canal shaping 

instruments 

Compaction cones Taper corresponds to the taper of finger-spreaders 

 

Because gutta-percha cannot be heat sterilized, other decontamination 

methods must be used.  

The most practical method is to disinfect gutta-percha in NaOCl before use. 

This can be done for 1 minute if the cone is submerged in a 5 % solution of 

NaCOl. However, after this disinfection and before its use for obturation, it is 

imperative that the gutta-percha be rinsed in ethyl alcohol to remove crystallized 

NaOCl; such crystals may impair the obturation seal. 

Recently, gutta-percha cones that are «free of living germs» (declaration of 

the manufacturer) have been marketed. 

Gutta-percha cones should be stored in cool and dark conditions in order to 

prevent hardening and brittleness due to further crystallization and/or oxidation. 
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Gutta-percha cannot be used as the sole filling material; it lacks  

the adherent properties necessary to seal the root canal space. Therefore, a sealer 

(cement) is always needed for the final seal.  

Coated gutta-percha. Gutta-percha is now available that may achieve 

bonding between the solid core and a resin sealer. The uniform layer is placed on 

the gutta-percha cone by the manufacturer. When the material comes in contact 

with the resin sealer, a resin bond is formed. 

Medicated gutta-percha. The melding of an antibacterial substance to  

a gutta-percha cone or other solid-core obturation materials may have utility in 

preventing root canal therapy failures due to coronal or apical microleakage. 

Medicated gutta-percha cones are not used on a regular basis. 

Calcium hydroxide containing gutta-percha: calcium hydroxide containing 

gutta-percha is made by combing 58 % of calcium hydroxide in matrix of 42 % 

gutta-percha. They are available in ISO size of 15-140. Action of Ca(OH)2 is 

activated by moisture in canal.  

Advantages: 
1. Easy to insert and remove. 

2. Minimal or no residue left. 

3. Firm for easy insertion. 

Disadvantages: 

1. Short-lived action. 

2. Radiolucent. 

3. Lack of sustained release. 

Iodoform containing gutta-percha. Iodoform containing gutta-percha 

remains inert till it comes in contact with the tissue fluids. On coming in contact 

with tissue fluids, free iodine is released which is antibacterial in nature.  

Chlorhexidine diacetate containing gutta-percha. In this gutta-percha 

matrix embedded in 5 % chlorhexidine diacetate. This material is used as  

an intracanal medicament.  

Active gutta-percha. Active GP (Brasseler, USA) consists of gutta-percha 

cones impregnated on the external surface with glass ionomer. Single cones are 

used with a glass ionomer sealer. Available in .04 and .06 tapered cones, the 

sizes are laser verified to ensure a more precise fit. The single cone technique is 

designed to provide a bond between the dentinal canal wall and the master cone.  

 

THE RESIN-BASED OBTURATION SYSTEMS 

 

The resin-based obturation systems Epiphany (Pentron Clinical 

Technologies), RealSeal (Sybronendo), and Resinate (Obtura Spartan, earth City, 

Mo) have been introduced as alternatives to gutta-percha (Fig. 102). 

Resilon is a high performance industrial polyurethane that has been adapted 

for dental use. The resin sealer bonds to a resilon core, and attaches to the etched 

root surface. Whether a monoblock is achievable, remains controversial. 
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Figure 102. Resilon #.02, #.04, and #.06 tapered points and a thermoplastic plug for use  

in the Obtura II system (Obtura Spartan, earth City, Mo) 

 

The system resembles gutta-percha and can be placed by lateral 

compaction, warm lateral or vertical compaction, or thermoplastic injection.  

It consists of a resin core material (resilon) composed of polyester, difunctional 

methacrylate resin, bioactive glass, radiopaque fillers, and a resin sealer. Resilon 

is nontoxic, nonmutagenic, and biocompatible. 

The core material is available in nonstandard and standard cones and pellets 

for use in thermoplastic techniques. 

 

SILVER CONES 

 

Silver points are the most widely used solid-core metallic filling material, 

although points of gold, iridium-platinum, and tantalum are also available.  

Silver points cannot conform with the shape of root canal because they lack 

plasticity; the use of silver points is not indicated in filling of large, triangular 

canals as in maxillary anterior teeth. 

Silver cones do not possess adhering qualities, so a sealer is required to 

adequately seal the canal. 

The rigidity provided by the silver cones makes them easy to place and 

permits more predictable length control; however, their inability to fill  

the irregularly shaped root canal system permits leakage.  

When silver points contact tissue fluids or saliva, they corrode. It has been 

seen that silver corrosion products are toxic in nature and thus may cause tissue 

injury. 

The use of silver cones today is considered to be below the standard of care 

in contemporary endodontic practice. 
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SEALERS 

 

Root canal sealers are necessary to seal the space between the dentinal wall 

and the obturating core interface. Sealers also fill voids and irregularities in  

the root canal, lateral and accessory canals, and spaces between gutta-percha 

points used in lateral condensation. Sealers also serve as lubricants during  

the obturation process.  

Functions of root canal sealers. Root canal sealers are used in conjunction 

with filling materials for the following purposes: 

1. Antimicrobial agent: All the commonly used sealers contain some 

antibacterial agent; so a germicidal quality is excreted immediately after its 

placement.  

2. Sealers are needed to fill in the discrepancies between the filling material 

and the dentin walls.  

3. Binding agent: Sealers act as binding agent between the filling material 

and the dentin walls.  

4. As lubricant: With the use of semisolid materials, the most important 

function for the sealer to perform is its action of lubrication.  

5. Radiopacity: All sealers display some degree of radiopacity; thus they 

can be detected on a radiograph. This property can disclose the presence of 

auxiliary canals, resorptive areas, root fractures, and the shape of apical foramen.  

6. Certain techniques dictate the use of a particular sealer. The choropercha 

technique, for instance, uses materials as sealer as well as a solvent for the 

master cone. It allows the shape of normal gutta-percha cone to be altered 

according to the shape of the prepared canal.  

Acceptable methods of placing the sealer into the canal include  

the following: 

1. Placing the sealer on the master cone and pumping the cone up and down 

in the canal.  

2. Placing the sealer on a file and spinning it counterclockwise.  

3. Placing the sealer with a lentulospiral.  

4. Using a syringe. 

Properties of an ideal sealer:  

1. Exhibits tackiness when mixed to provide good adhesion between it and 

the canal wall when set. 

2. Establishes a hermetic seal. 

3. Radiopaque, so that it can be seen on a radiograph. 

4. Very fine powder, so that it can mix easily with liquid. 

5. No shrinkage on setting. 

6. No staining of tooth structure. 

7. Bacteriostatic, or at least does not encourage bacterial growth. 

8. Exhibits a slow set. 

9. Insoluble in tissue fluids. 

10. Tissue tolerant; that is, nonirritating to periradicular tissue. 
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11. Soluble in a common solvent if it is necessary to remove the root canal 

filling. 

12. The sealer also must have cohesive strength to hold the obturation 

material together. 

13. It should not provoke an immune response in periradicular tissue. 

14. It should be neither mutagenic nor carcinogenic. 

There are numerous classifications of root canal sealers: 

Sealers may be broadly classified according to their composition: 
1. Eugenol. 

2. Non-eugenol. 

3. Medicated. 

I. Eugenol group may be divided into subgroups, namely: 

Silver containing cements: 

a) Kerr sealer (Rickert, 1931); 

b) Procosol radiopaque silver cement (Grossman, 1936). 

Silver free cements:  

a) Procosol nonstaining cement (Grossman, 1958); 

b) Grossman’s sealer (Grossman, 1974); 

c) Tubliseal (Kerr, 1961); 

d) Wach’s paste (Wach). 

II. Non-eugenol. These sealers do not contain eugenol and consist of a wide 

variety of chemicals. (Examples: Chloropercha, glass ionomer sealers, 

polycarboxylate sealers). 

III. Medicated. These include the group of root canal sealers which have 

therapeutic properties.  

Classification of sealer according to Grossman: 

1. Zinc oxide resin cements. 

2. Calcium hydroxide cements. 

3. Paraformaldehyde cements. 

4. Pastes. 

Classification of sealer according to Cohen (ADA and ANSI). According 

to the intended use: 

Type I: Material’s intended to be used with core material. 

Class I: Includes materials in the form of powder and liquid that set through 

a non-polymerizing process. 

Class II: Includes materials in the form of two pastes that set through a non-

polymerizing process. 

Class III: Includes polymers and resin systems that set through 

polymerization. 

Type II: Intended for use with or without core material or sealer. 

Class I: Powder and liquid- non-polymerizing. 

 Class II: Paste and paste- non-polymerizing. 

 Class III: Metal amalgams. 

Class IV: Polymer and resin systems polymerization. 
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Classification of sealer according to Clark: 

1. Absorbable. 

2. Non-absorbable. 

Classification of sealer according to Ingle: 

1. Cements. 

2. Pastes. 

3. Plastic. 

4. Experimental sealers. 

The most popular sealers are zinc oxide — eugenol formulations, calcium 

hydroxide sealers, glass ionomers, and resins.  

ZINC OXIDE EUGENOL CEMENTS 

Many endodontic sealers are simply zinc oxide eugenol (ZnOE) cements 

that have been modified for endodontic use.  

Zinc oxide eugenol sealers will absorb if extruded into the periradicular 

tissues. They exhibit a slow setting time, shrinkage on setting, solubility, and 

they can stain tooth structure.  

ZnOE sealers have demonstrated antimicrobial properties on a variety of 

microorganisms, including Enterococcus faecalis suspensions and anaerobic 

bacteria even 7 days after mixing. Apparently, eugenol is the main antimicrobial 

agent.  

Formaldehyde-releasing ZnOE root canal sealers should not be used 

anymore because of their inherent toxic potential. 

ZnOE-based sealers are easy to handle. They can be mixed to a smooth 

paste, which allows enough time for obturation and control radiography before 

setting. Removal can be performed with organic solvents. The radiopacity of 

different ZnOE sealers can be regarded as sufficient. 

Advantages of ZnOE-based sealers: 

1. Easy to manipulate. 

2. Shows only slight dimensional change. 

3. Radiopaque. 

4. Germicidal properties. 

5. Minimal staining. 

6. Ample working time. 

Disadvantages of ZnOE-based sealers: 
1. Irritant to periapex. 

2. Not easily absorbed from the apical tissues. 

Examples: Endofill (Dentsply-Mallefer) and Endométhasone (Septodont). 

CALCIBIOTIC ROOT CANAL SEALER (CRCS) 

CRCS is a zinc oxide, eugenol-eucalyptol sealer to which calcium 

hydroxide has been added for its osteogenic effect. CRCS takes three days to set 

fully in either dry or humid environment. Because of little water resorption 
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property, it is quite stable. Though sealing is improved, but since calcium 

hydroxide is not released from the cement, its main role (osteogenic effect) 

becomes questionable. 

Advantages of CRCS: 

1. Biocompatible. 

2. Takes three days to set. 

3. Stable in nature. 

4. Shows little water resorption. 

5. Easily disintegrates in tissues. 

Disadvantages of CRCS: 

1. Extruded sealer is resistant to resorption by tissue fluids.  

2. Shows minimal antibacterial activity.  

CHLOROPERCHA 

Chloropercha was another type of sealer used for many years.  

It is made by mixing white gutta-percha (i. e., alba) with chloroform. This 

allowed gutta-percha root filling to fit better in the canal. However, chloropercha 

has no adhesive properties and is no longer used as an obturation material in root 

canal therapy. The use of chloroform has been sharply curtailed for many years 

because of its demonstrated toxicity.  

Modified chloropercha methods. There are two modifications: 

1. Johnston–Callahan. 

2. Nygaard–Ostby. 

Johnston–Callahan method. In this method, the canal is repeatedly flooded 

with 95 percent alcohol and then dried. After this, it is flooded with Callahan 

resin chloroform solution for 2–3 minutes. A gutta-percha cone is inserted and 

compressed laterally and apically with a plugger until the gutta-percha is 

dissolved completely in the chloroform solution in the root canal. Additional 

points are added and dissolved in the same way.  

Nygaard–Ostby. It consists of Canada balsam; colophonium and zinc oxide 

powder mixed with chloroform. In this technique, the canal walls are coated with 

Kloroperka, the primary cone dipped in sealer is inserted apically pushing 

partially the dissolved tip of the cone to its apical seal. Additional cones dipped 

in sealer are packed into the canal to obtain a good apical seal.  

CALCIUM HYDROXIDE SEALERS 

These sealers are promoted as having therapeutic effects because of their 

Ca(OH)2 content. It was thought that these sealers would exhibit antimicrobial 

activity and have osteogenic — cementogenic potential. The antimicrobial effect 

of Ca(OH)2 is thought to occur because of its ability to release hydroxyl ions and 

by having a high pH.  

These materials have been shown to have similar sealing ability to zinc 

oxide and eugenol preparations; however, long-term exposure to tissue fluid may 

possibly lead to dissolution of the material as calcium hydroxide is leached out. 
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Handling properties of calcium hydroxide sealers are adequate;  

the radiopacity is regarded as sufficient. The material can be removed from  

the root canal with common rotary instruments. 

Advantages of calcium hydroxide sealers: 
1. It induces mineralization.  

2. It induces apical closure via cementogenesis. 

3. It inhibits root resorption subsequent to trauma. 

4. It inhibits osteoclast activity via an alkaline pH. 

5. It seals or prevents leakage as well as or better than ZOE sealers. 

6. It is less toxic than ZOE sealers. 

Disadvantages of calcium hydroxide sealers: 
1. Calcium hydroxide content may dissolve, leaving obturation voids.  

2. There is no objective proof that a calcium hydroxide sealer provides any 

added advantage of root canal obturation or has any of its desirable biological 

effects.  

3. Although calcium hydroxide has dentin regenerating properties,  

the formation of secondary dentin along the canal wall is prevented by  

the absence of vital pulp tissue. 

Examples: SealApex (Sybron Endo/Kerr; Orange, Calif.), LIFE (Sybron 

Endo/Kerr; Orange, Calif.), Vitapex (NEO Dental, Japan), Apexit Plus (Ivoclar, 

Vivadent, Fürstentum, Schaan, Liechtenstein) and Sealapex (Sybron-Endo, 

Glendora, CA, USA). 

HYDRAULIC CALCIUM SILICATE CEMENTS  

Hydraulic calcium silicate cements (HCSCs), well known as MTA (mineral 

trioxide aggregate) sealers. 

Hydraulic calcium silicate cements were developed more than 20 years ago. 

Their composition is largely based on Portland cement components (di- and tri-

calcium silicate, Al- and Fe-silicate). Some hydraulic calcium silicate-based 

materials containing additional components (setting modulators, radiopacifying 

agents, drugs, etc.). 

They have important properties such as the ability to set and to seal in moist 

and blood-contaminated environments, biocompatibility, adequate mechanical 

properties, etc.  

Their principal limitations are long setting time, low radiopacity and 

difficult handling.  

Hydraulic calcium silicate cements regulate the differentiation of osteoblast, 

fibroblasts, cementoblasts, odontoblasts, pulp cells and many stem cells. They 

can induce the chemical formation of a calcium phosphate/apatite coating when 

immersed in biological fluids. These properties have led to a growing series of 

innovative clinical applications such as root-end filling, pulp capping and 

scaffolds for pulp regeneration, root canal sealer, etc. 
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The material is rather difficult to place and the working time may be short. 

Special MTA endodontic carriers have been developed to facilitate placement 

and condensation.  

Examples: ProRoot Endo Sealer (Dentsply, Tulsa, OK, USA), Endo-CPM-

Sealer (EGEO SRL, Buenos Aires, Buenos Aires, Argentina) and MTA Fillapex 

(Angelus, Londrina, PR, Brazil). 

GLASS IONOMER SEALERS 

Glass ionomer cements were first introduced into dentistry in 1975 and 

since then they have been used in a wide range of clinical applications. The glass 

ionomers have been advocated for use in obturation because of their dentin-

bonding properties.  

Conventional glass ionomers are dispensed in a powder form supplied with 

its own liquid. The powder is formed of fluoroaluminosilicate glass, while  

the liquid is an aqueous solution of a polyalkenoic acid, such as polyacrylic acid, 

although in later formulations, the acid may be added to the powder in a dried 

polymer form.  

Advantage: 

1. It has optimal physical qualities. 

2. It shows bonding to dentin. 

3. It shows a minimum number of voids. 

4. It has low surface tension. 

5. It has optimal flow property. 

Disadvantage. It cannot be removed from the root canal in the event of 

retreatment as there is no known solvent for glass ionomer.  

Examples: Ketac-Endo (3M/Espe; Minneapolis, Minn.). 

RESIN 

Resin sealers have a long history of use, provide adhesion, and do not 

contain eugenol. The use of dentin bonding agents in root canal filling was 

introduced to enhance the endodontic resin. 

The use of dentin bonding agents in root canal filling was introduced to 

enhance the endodontic resin-based sealers adhesion to the root dentin.  

The newer endodontic methacrylate resin-based sealers (RealSeal, Epiphany) use 

a separate self-etching primer before application of flowable composites to  

the primed dentin; or else consist of a single product of the self- adhesive 

methacrylate sealer, incorporating a self-etching primer and a moderately filled 

flowable composite (MetaSEAL; RealSeal SE, Epiphany SE).  

Epoxy-based sealers have been used for more than 40 years worldwide and 

their handling properties are usually considered to be good. Radiopacity is 

sufficient (6.6 mm Al). However, the materials set to a hard mass that, in  

a clinically relevant time, is virtually insoluble even for organic solvents. 

Therefore, this material must be used together with gutta-percha cones. 
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Examples: Diaket (3M/Espe; Minneapolis, Minn.), AH-26 (Dentsply/Mail-

lefer, Tulsa, Okla), AH-plus (Dentsply). 

EPIPHANY 

Epiphany is a dual curable dental resin composite sealer composed of 

BisGMA, ethoxylated BisGMA, UdMA, and hydrophilic difunctional 

methacrylates with fillers of Ca(OH)2, barium sulfate, barium glass, and silica 

(Fig. 103). The total filler content of the sealer is approximately 70 % by weight.  

 

Figure 103. Epiphany system (Pentron Clinical Technologies, Wallingford, CT) with the primer, 

thinning resin, sealant, and standard resilon points (Courtesy SybronEndo, Orange, CA) 
 

Epiphany was designed for use with resilon instead of gutta-percha, 

although it can also be used with either core material. Unlike other resin sealers, 

this system’s sealer requires a self-etch primer before placement of the resin 

sealer.  

Uniform application of a primer or an adhesive in root canals and removal 

of solvent are considered to be difficult, especially in the apical third. Massive 

air blowing into the canal should generally be avoided; the use of paper point is 

not very effective. Special delivery systems (e. g. microbrushes) are recommended 

for application of primers and sealers. 

Step-by-step procedure: 

1. The canal is prepared with a traditional preparation method. 

2. Smear layer removal: Sodium hypochlorite should not be the last irrigant 

used within the root canal system due to compatibility issues with resins. Use  

17 percent EDTA or 2 percent Chlorhexidine as a final rinse.  

3. Placement of the primer: After the canal is dried with paper points,  

the primer is applied up to the apex. Dry paper points are then used to wick out 

the excess primer from the canal. The primer is very important because it creates 

a collagen matrix that increases the surface area for bonding. The low viscosity 

primer also draws the sealer into the dentinal tubules. 
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4. Placement of the sealer: The sealer can be placed into the root canal 

system using a lentulospiral at low rpm or by generously coating the master cone. 

5. Obturation: The root canal system is then obturated by the preferred 

method (lateral or warm vertical, etc.)  

Advantages of Epiphany: 

1. Biocompatible. 

2. Good coronal seal, so less microleakage. 

3. Non-toxic. 

4. Non-mutagenic. 

5. It forms monoblock. 

6. It increases resistance to fracture in endodontically treated teeth. 

Disadvantage: Does not retain its softness after heating. 

SILICONE SEALERS 

The first of those materials was based on C-silicones (condensation cross-

linking silicones); newer materials are based on A-silicones (addition cross-

linking). Silicone sealers are supplied in capsules and after mixing can easily be 

injected into the canal followed by the insertion of gutta-percha. 

Advantages: 

1. Easy to penetrate. 

2. Adjustable working time. 

3. Low working viscosity. 

4. Rubbery consistency. 

5. Non-resorbable. 

Disadvantages: 

1. Cannot be used in presence of hydrogen peroxide.  

2. The canal must be absolutely dry.  

3. Shrinks upon setting but has affinity for flowing into open tubuli.  

4. Difficult to remove from the canals.  

Examples: RoekoSeal (Coltène/Whaledent, Germany). 

GuttaFlow (Coltène/Whaledent) is a cold flowable matrix that is triturated. 

It consists of gutta-percha added to RoekoSeal (Fig. 104).  

 

Figure 104. RoekoSeal and GuttaFlow (Coltène/Whaledent, Germany) 
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The material is provided in capsules for trituration. The technique involves 

injection of the material into the canal, followed by placement of a single master 

cone. The material provides a working time of 15 minutes and it cures in 25 to 

30 minutes.  

BIOCERAMIC 

Bioceramic sealer is composed of zirconium oxide, calcium silicates, 

calcium phosphate monobasic, calcium hydroxide, and various filling and 

thickening agents. The material is available in a premixed syringe with calibrated 

intracanal tips. As a hydrophilic sealer it utilizes moisture within the canal to 

complete the setting reaction and it does not shrink on setting. It is biocompatible 

and exhibits antimicrobial properties during the setting reaction.  

The manufacturer advocates expressing the sealer into the coronal one third to 

one half of the canal and then seating the master gutta-percha cone. Properties of 

different sealers are presented in Table 10. 
Table 10 

Properties of different sealers 

Zinc oxide-eugenol-based 

sealers 

1. Reasonable seal. 

2. Dissolve in fluids. 

3. Long-lasting cytotoxicity. 

4. Sensibilization. 

Resin-based sealers 1. Good seal. 

2. Initial cytoxicity. 

3. Once set, biocompatible. 

4. Allergenic. 

Gutta-percha-based  

sealers 

1. Moderate seal. 

2. Initial cytotoxicity. 

3. Shrinkage. 

4. Plasticize gutta-percha. 

Dentin-adhesive sealers 1. Good seal. 

2. Set very quickly. 

3. Good biocompatibility. 

4. Difficult to remove. 

Calcium hydroxide-

containing sealers 

1. Release calcium hydroxide, which may result in disintegration. 

2. Once set and integrity is maintained, no calcium hydroxide 

leaches out and no effect can be expected. 

3. Initial antibacterial effect. 

4. Risk of dissolution over time. 

Formaldehyde-

containing sealers 

1. Zinc oxide-eugenol based. 

2. Severe long-lasting cytotoxicity.  

3. Sensibilization. 

4. Not used now. 
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ARMAMENTARIUM FOR OBTURATION 

 

Main armamentarium for obturation consists of: 

1. Primary and accessory gutta-percha points.  

2. Spreaders and pluggers for compaction of gutta-percha (Fig. 105).  

3. Endodontic locking tweezers (Fig. 106). 

4. Absorbent paper points for drying the prepared root canal before 

applying sealer (Fig. 107). 

5. Lentulospirals for placing sealer (Fig. 108). 

6. Scissors for cutting gutta-percha. 

7. Endoblock for measuring gutta-percha points (Fig. 109).  

8. Endo organizer for arranging gutta-percha and accessory points of 

various sizes.  

   

 

Figure 105. Standardized finger and hand spreaders, sized and color coded to match ISO 

instrument sizes 

 

 
Figure 106. Endodontic locking tweezers 
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Figure 107. Lentulospirals for placing sealer 

 

    

Figure 108. Absorbent paper points for drying the prepared root canal before applying sealer 

 

 

Figure 109. Endoblock for measuring gutta-percha points 

 

METHODS OF OBTURATION 

 

Today, most root canals are being filled with gutta-percha and sealers  

(Fig. 110).  

Figure 110. Outline of techniques to fill root canals with gutta-percha 

Gutta-
percha

Solid core 

Single cone 

Lateral 
compaction 

Softened 
core 

Solvent 

Heat 
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modes 
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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. 

According to Grossman: 

– Lateral condensation method. 

– Vertical condensation method. 

– Sectional method. 

– Compaction method (mcSpadden). 

– Metal-core obturation. 

– Silver-cone method. 

– Stainless steel file method. 

– Chemically plasticized gutta-percha. 

– Injection techniques of obturating canals. 

– Hydron. 

– Thermoplasticized gutta-percha method. 

– Obtura II, Ultrafil. 

According to Stock: 
– Sectional. 

– Single cone. 

– Multiple cone: cold/warm lateral condensation. 

– Warm vertical condensation. 

– Custom made. 

– Gutta-percha with solvents. 

– Thermal compaction. 

– Injection molded thermo plasticized. 

– Pastes alone. 

According to Ingle: 

– Apical third fillings. 

– Light speed simplifill. 

– Dentin-chip. 

– Calcium-hydroxide. 

– Injection or «spiral» filling. 

– Cements. 

– Pastes. 

– Plastics. 

– Calcium phosphate. 

OBTURATION WITH SILVER CONE 

Silver cones are not usually a preferred method of canal obturation mainly 

because of their corrosion. Their use is restricted to teeth with fine, tortuous, 

curved canals, which makes the use of gutta-percha difficult.  
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Indications: 

1. In sound and straight canals. 

2. In mature teeth with small calcified canals. 

Contraindications: 

1. Teeth with open apex. 

2. Large ovoid shaped canals. 

Advantages:  

1. Easy handling and placement.  

2. Negotiates extremely curved canals.  

3. Radiopaque in nature.  

4. Mild antibacterial property.  

Disadvantages: 

1. Prone to corrosion resulting in loss of apical seal.  

2. Difficult to retrieve if it is snuggly fitting.  

3. Non-adaptable, so does not seal accessory canals. 

Step-by-step procedure: 

1. Select a silver cone conforming the final shape and size of the prepared 

canal. Check its fitting radiographically.  

If found satisfactory, remove it from the canal and sterilize it over  

an alcohol flame.  

2. Dry the canal and coat the canal walls with sealer.  

3. Insert the cone into the canal with a sterile cotton plier or Stieglitz 

forceps (Fig. 111).  

 

Figure 111. Stieglitz forceps, used to insert the cone into the canal 

 

4. Take a radiograph to see the fitting of the cone.  

5. If satisfactory, fill the remaining canal with accessory gutta-percha cones.  

6. Remove the excess of the sealer with cotton pellet and place restoration 

in the pulp chamber.  

SINGLE GUTTA-PERCHA POINT AND SEALER 

With the tendency to preparation techniques of greater taper, gutta-percha 

points of matching taper may be used. These fit the prepared canal so well that 

some operators are using a single gutta-perch point and sealer. The only 

advantage of this technique is its simplicity. The disadvantage is that  

the majority of sealers are soluble. As the canal will not be fully filled in three 

dimensions, tissue fluids may leach out the sealer over time. The use of single 
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gutta-percha point and sealer technique today is considered to be below  

the standard of care in contemporary endodontic practice. 

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. The technique can be used in most clinical situations and 

provides length control during compaction. The procedure can be accomplished 

with any of the acceptable sealers. 

Step-by-step procedure of lateral compaction: 

1. The canal should be irrigated, cleaned and dried.  

2. A master point is selected and fitted to the canal.  

If the cone is going beyond apical foramen, cut the cone to working length 

or use (Fig. 112). It should be marked at working length, or grasped securely in 

endodontic locking tweezers larger number cone.  

Master cone selection is done by a visual test, by a tactile method, by 

radiographs (prefered). 

 

Figure 112. If the cone is going beyond apical foramen, cut the cone to working length or use 

larger number cone 

3. The master point is coated with sealer and used to paste the canal walls 

with the sealer, using an in-out movement, before seating the point home into  

the canal at full working length. 

4. A fine finger spreader is selected and the rubber stop set to working 

length. Place the spreader alongside the master point and compact using firm 

apical finger pressure only.  

5. Leave the spreader in situ for 30 seconds. This is important as continuous 

pressure from the spreader is required to deform the gutta-percha point against 

the canal walls and to overcome its elasticity. 

http://www.intelligentdental.com/tag/radiographs/
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6. Select an accessory point with locking tweezers and dip its tip into sealer 

(Fig. 113). 

 

а         b 

Figure 113. Placing and compaction of gutta-percha using spreader (a). Placing accessory 

cone along master cone (b) 

 

7. Immediately place the accessory point alongside the master point.  

Any delay will allow the master point to relax and the space will be lost. 

Reinsert the spreader and laterally compact both points. 

8. Repeat the sequence using gradually larger spreaders and gutta-percha 

points until the canal is filled.  

9. Remove excess gutta-percha from the canal orifice with a heated plugger 

or another heated instrument, and firmly compact the remaining gutta-percha to 

seal the coronal access to the canal.  

If post-space preparation is required; it may be carried out at this stage.  

If not, a layer of resin-modified glass ionomer cement should be applied over  

the gutta-percha and the floor of the access cavity, completing the coronal seal.  

A periapical radiograph should be taken on completion, using a long-cone 

parallel technique.  

Advantages of lateral compaction technique: 

1. Can be used in most clinical situations.  

2. During compaction of gutta-percha, it provides length control, thus 

decreases the chances of overfilling.  

Disadvantages of lateral compaction technique: 

1. May not fill the canal irregularities efficiently.  

2. Does not produce homogenous mass.  

3. Space may exist between accessory and master cones. It is considered 

that the space between each of the cones is filled with sealer (Fig. 114). 
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Figure 114. In lateral compaction of gutta-percha, cones never fit as homogeneous mass, 

sealer occupies the space in between the cones 

 

Apical modification with solvent. A disadvantage to lateral condensation of 

gutta-percha is that the material does not conform to the irregularities of  

the canal. Although lateral condensation reduces the space between  

the obturating cones, unfilled areas («voids») remain as potential paths for 

leakage. Because the preparation of a completely round canal is impossible and 

because the crucial apical area of the canal is likely to contain lateral canals,  

the tug-back experienced and the image displayed on a two-dimensional 

radiograph may give a misleading impression of a dense fill. In reality, only 

point contact may exist between the core and the walls of the canal. This 

situation is often discovered when an accessory point extends into the periapical 

area despite a seemingly well-placed master cone. 

To overcome this shortcoming, the clinician can temporarily soften the tip 

of the point by dipping the master cone in a solvent (chloroform, halothane, or 

eucalyptol) for several seconds and placing the softened point into the canal  

(Fig. 115).  

 

Figure 115. Adaptation of the master cone can be accomplished by softening the point in  

a solvent such as chloroform 

 

This produces an impression of the apical portion of the canal in  

the material. The clinician then removes the cone from the canal for a few 
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moments to allow the solvent to evaporate, applies the sealer, and replaces it so 

that it is oriented in the same direction as when the impression was made. 

Although concerns have been raised about the use of chloroform in the dental 

operatory, evidence indicates that it is safe to use the material for fabricating 

custom cones and for retreatment. 

Although standardized cones are available from size 15 (0.15 mm) to 140 

(1.40 mm), occasionally a canal is encountered that exceeds these dimensions.  

In such cases a customized gutta-percha point can be created by rolling several 

warmed gutta-percha points together with a cement spatula on a glass slab.  

The point is cooled with water and the size is tested in the canal and rerolled 

until an approximate fit is achieved. Solvent dip may then be used to further 

adapt it to the walls of the canal.  

Cold gutta-percha compaction technique 

Gutta flow. Gutta flow is eugenol free radiopaque form which can be injected 

into root canals using an injectable system. It is a self-polymerizing filling 

system in which gutta-percha in powder form is combined with a resin sealer in 

one capsule. 

Composition. Gutta flow consists of polydimethyl silloxan matrix filled 

with powdered gutta-percha, silicon oil, paraffin oil, palatinum, zirconium 

dioxide and nano silver. 

Advantages: 

1. Easy to use. 

2. Time saving. 

3. Does not require compaction. 

4. Does not require heating. 

5. Biocompatible. 

6. Can be easily removed for retreatment. 

LATERAL COMPACTION OF WARM GUTTA-PERCHA 

A simple modification to the cold lateral compaction technique is to apply 

heat to gutta-percha. Heat can be applied to gutta-percha using: 

1. A heat carrier. 

2. An electrically heated tip. 

3. An ultrasonic tip. 

The softened material is easier to compact and will result in a denser root 

filling. Specially designed heat carriers should be used. The instruments 

illustrated in Fig. 116 have a sharp tip for lateral compaction, and a blunt plugger 

tip for limited vertical compaction of the softened gutta-percha. Electrically 

heated spreaders are also available. 

It is important that the instruments are only gently warmed. If the spreader 

is too hot it will melt the gutta-percha, which will adhere to the instrument and 

be withdrawn from the canal. 
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Figure 116. Heated carriers for lateral compaction of warm gutta-percha 
 

Step-by-step procedure of wart lateral compaction: 

1. Make space for a heated instrument with a cold spreader. 

2. Place a heated spreader into the canal and laterally condense until cool. 

Remove the spreader cold (thereby allowing contraction and reducing  

the risk of removing the gutta-percha with the instrument). 

3. Insert an accessory cone and sealer. Repeat the process until the canal is 

filled. 

Warm lateral condensation has many advantages. Since it follows cold 

lateral condensation, heat is not introduced to the apex of the tooth.  

The technique also allows precise length control in the placement of gutta-percha 

and permits filling of voids, isthmuses, C-shaped canals, lateral and accessory 

canals, and internal resorptive areas. The potential for root fracture is reduced 

because the thermoplasticized gutta-percha mass flows easily into the anatomic 

variations with light spreader pressure.  

It is an easy technique to learn, and requires only a relatively inexpensive 

addition to the armamentarium. Warm lateral condensation does not require 

preheating or special gutta-percha. In addition, cleaning and sterilization 

procedures are not complex. 

Use of ultrasound. Ultrasonic scaling unit (Cavitron (Dentsply), Enac 

Ultrasonic unit (OSADA) and others) can be used to supply heat for plasticizing 

gutta-percha to obtain better compaction (Fig. 117). 

      

Figure 117. Cavitron (Dentsply) and Enac (OSADA) ultrasonic units 
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Step-by-step procedure: 

1. The # 25 file is attached to the insert of the ultrasonic unit spreader and 

placed alongside the primary gutta-percha point and sealer to a depth of about  

5 mm short of the working length.  

2. The ultrasonic unit with the rheostat is activated for 3 to 4 seconds.  

The ultrasound thermal energy released by vibratory motion of  

the ultrasonically activated file plasticizes the gutta-percha.  

3. Upon removal of the file, the spreader is inserted immediately to create 

room for auxiliary cones.  

The softened primary cone allows a deeper penetration of the spreader, and 

a greater number of auxiliary cones can therefore be used to obtain better 

compaction. 

THERMATIC COMPACTION OF GUTTA-PERCHA 

The technique is particularly useful for the rapid and effective obturation of 

the coronal part of a root canal after placement of an accurate apical seal. 

In 1979, McSpadden devised a handpiece-driven compactor, which is 

effectively an inverted Hedstroem file. Although no longer made, other similar 

devices, such as the gutta condensor (Fig. 118). 

 
Figure 118. Gutta condenser 

 

The frictional heat from the compactor plasticises gutta-percha and the 

blades drive the softened material into the root canal under pressure.  

The main problem found was lack of control over the apical portion of 

gutta-percha, which may be extruded through the apex in its softened state. To 

overcome this problem, the technique was modified by Tagger, who 

recommended laterally condensing a master point and two or three accessory 

points, and then using the condenser to plasticize gutta-percha in the coronal part 

of the canal. The laterally compacted material in the apical half effectively 

prevents any apical extrusion. 

Another innovation using the thermo-mechanical 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 (Fig. 119) 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 into the canal with a regular low-speed, latch-type 
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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. 

Figure 119. Quick-Fill obturation system 

 

VERTICAL COMPACTION OF WARM GUTTA-PERCHA 

Over 30 years ago, Schilder introduced a concept of cleaning and shaping 

root canals in a conical shape and then obturating the space «three-dimensionally» 

with gutta-percha, warmed in the canal and compacted vertically with pluggers.  

Heated gutta-percha has been shown to flow extremely well into all canal 

irregularities. It is particularly useful in situations such as internal resorption,  

C-shaped canals, and those with fins or webs.  

This technique is now considered the gold standard for endodontic 

obturation. 

Basic requirements of a prepared canal to be filled by this technique 

are: 

1. Continuous tapering funnel shape from orifice to apex.  

2. Apical opening kept as small as possible.  

3. Decreasing the cross-sectional diameter at every point apically and 

increasing at each point as the canal is approached coronally.  

The warm vertical compaction was originally practised with a heat carrying 

instrument and open flame. Today, dentists use an electrical, temperature 

controlled device such as Touch’n Heat (Kerr/SybronEndo, Orange, CA, USA) 

or System B (Analytic/SybronEndo, Orange, CA, USA) and others.  

In addition to these two classic methods of obturation, there are many 

newly developed applicators to place heat-plasticized gutta percha into the root 

canal such as Thermafil (Tulsa Dental Products, Tulsa, OK, USA), JS QuickFill 

(J.S.Dental, Ridgefield, CT, USA) and MicroSeal (Kerr/SybronEndo). 
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There are three phases of the vertical compaction technique:  

1. Cone fit. 

2. Down pack. 

3. Back fill. 

Step-by-step procedure of vertical compaction of warm gutta-percha: 
1. Dry the root canal. 

2. Fit the appropriate gutta-percha cone to the patent radiographic terminus 

(Fig. 120, A).  

a. It should visually go to full working length and exhibit tug-back.  

3. Confirm the position radiographically.  

4. Cut off the butt end of the cone at the incisal or occlusal reference point. 

5. Remove the cone and cut back 0.5 to 1.0 mm of 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 (Fig. 120, B).  

6. Remove the cone, dip it in alcohol, and curve it slightly by drawing it 

through a folded 2×2 gauze so that it will more easily follow the probable curved 

shape of the canal. Set the cone aside. 

7. Prefit the three pluggers to the canal preparation: first the widest plugger 

to a 10 mm depth (Fig. 120, C); next, the middle plugger to a 15 mm depth  

(Fig. 120, D); finally, the narrowest plugger to within 3 to 4 mm of the terminus 

(Fig. 120, E). Record the lengths of the desired plugger depth. 

8. Deposit a small amount of the root canal sealer in the canal with  

a lentulospiral. Lightly coat all of the walls. 

9. Coat the apical third of the gutta-percha cone with a thin film of the sealer. 

10. 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 the place 

with the closed tip of the cotton pliers (Fig. 120, F). In a curved canal, the cone 

will rotate as it responds to the curvature. 

11. Using the heat carrier, sear off the cone surplus in the pulp chamber 

down to the cervical level (Fig. 120, G). This transfers heat to the coronal third 

of the gutta-percha cone and creates a platform to begin the first wave of 

compaction. 

12. 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 

(Fig. 120, H). 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 shrink-age as it cools back to body 

temperature. 

13. The second heat wave begins by introducing the heat carrier back into 

the gutta-percha, where it remains for 2 to 3 seconds (Fig. 120, I) and, when 

retrieved, carries with it the first selective gutta-percha removal (Fig. 120, J). 
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14. 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.  

15. 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. 

 

Figure 120. Technique of warm gutta-percha/vertical compaction: 

A — master gutta-percha cone fits tightly to radiographic apex; marked at the incisal edge to 

establish length reference; B — master cone cut back 0.5 to 1.0 mm at tip and retried in canal. 

Trimmed incisal reference remains the same; C — largest plugger prefit to coronal third of  

the canal; D — midsize plugger prefit to midcanal without touching the walls; E — smallest 

plugger prefit to within 3 to 4 mm of radiographic apex; remains free in the canal; F — Kerr 

Sealer deposited in midcanal with Handy Lentulo spiral; apical third of master cone is lightly 

coated with sealer and gently teased to place; incisal reference checked; G — surplus gutta-

percha removed with heat carrier down to the canal orifice; H — largest plugger compacts 

warmed gutta-percha into bolus; midroot lateral canal being obturated; I — heat carrier 

transfers  heat  3 to 4 mm  into  middle  third  of mass;  wiping carrier against the walls softens 

excess gutta-percha; J — first selective gutta-percha removal 

 

16. The narrowest plugger is immediately inserted in the canal and  

the surplus material along the walls is folded centrally into the apical mass so 
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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. 

17. 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.  

18. «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.  

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. 

The final act involves the thorough cleansing of the pulp chamber,  

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. 

Advantages: excellent seal apically and laterally. 

Disadvantage: time consuming and risk of vertical fracture due to undue 

force. 

Intracanal temperature and tooth surface temperature rise in different 

obturation techniques is presented in the Table 11. 
Table 11 

Intracanal temperature and tooth surface temperature rise in different  

obturation techniques 

Technique 
Intracanal temperature 

(°C) 

Tooth surface temperature 

rise (°C) 

Thermomechanical compaction 55–100 14–35 

Warm vertical condensation 45–80 3–7 

Obtura II Max. 61 Max. 8.9 

Ultrafil 70 – 

 

Continuous wave technique. Buchanan recently introduced the continuous 

wave of condensation technique as a modification of the warm vertical 

compaction technique for canal obturation. «Continuous Wave Technique» 

requires a good canal shape and meticulous gutta-percha cone fitting. 
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Step-by-step procedure: 

1. An appropriate size gutta-percha cone, matching the completed 

preparation shape, is tested in the canal to be sure it goes fully to place. This is 

confirmed radiographically. The cone must fit in its last 1 mm, and fit to full 

length before minimal cutback (less than 0.5 mm).  

2. The cone is then removed and the corresponding plugger is tried for size 

in the canal. It should stop at its «binding-point», about 5 to 7 mm short of  

the working length. The stop attachment is then adjusted at the coronal reference 

point and the plugger is removed and attached to the heat source.  

3. The canal is dried. 

4. The primary point is coated with sealer and pushed into place, all the way 

to the apical stop.  

5. The heat source is activated, and the temperature is set for 200 °C.  

6. The cone is then seared at the orifice with the preheated plugger tip, and 

the preheated plugger is then «driven» smoothly through the gutta-percha to 

within 3 to 4 mm of its binding point in the canal. This will take about 2 seconds. 

Maintaining apical pressure, the plugger will continue to move apically, and at 

this time the heat switch is released.  

7. The plugger is held there, cold, under sustained pressure, for  

an additional 10 seconds. It is during this period that the gutta-percha flows to 

the apical matrix and into accessory canals. The pressure also compensates for 

the shrinkage that might occur as the mass cools. 

8. Remove the plugger: while still maintaining apical pressure, the heat 

switch is activated for only 1 second followed by a 1-second pause. The «cold» 

plugger is then quickly withdrawn.  

9. Following radiographic confirmation, the remainder of the canal is now 

ready for backfill. 

System B. System-B heat source (Fig. 121) delivers a precise heat to the tip 

of the plugger. 

  

Figure 121. Temperature controlled device for vertical compaction of warm gutta-percha. 

System B (Analytic/SybronEndo, Orange, CA, USA) 
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A non-standardized (4 %, 6 % or feathered tip) gutta-percha cone is carefully 

fitted to the canal. Using a selected plugger, a continuous wave of heat is applied 

to soften and downpack a cone, resulting in very well-compacted obturation of 

the apical portion of the canal. 

Step-by-step procedure: 

1. Fit a gutta-percha cone and mark it at the working length.  

2. Select one of the System-B pluggers that binds in the canal 5–7 mm short 

of the working length. Set a rubber stop at this level, and select a conventional 

plugger to fit at this length as well. 

3. Dry the canal with paper points.  

4. Apply a thin layer of the sealer to the apical third of the selected cone, 

and insert it to the working length.  

5. Set the temperature of the System-B at 200 °C, with full power. Heat is 

applied to the plugger via the finger-tip micro switch, and the part of the cone 

extruding from the canal orifice is seared off.  

6. The tip of the plugger is placed in the center of the gutta-percha cone, 

heat applied, and the plugger is carefully pushed down the canal in one slow, 

even movement to the depth marked. This should take about 3 seconds. The heat 

is turned off, and the plugger held in place for a further 10 seconds.  

7. With a brief burst of heat to separate the plugger from the gutta-percha, 

the plugger is removed from the canal. It is usually found to bring with it  

the coronal portion of the gutta-percha as well.  

8. The apical part may now be further compacted with conventional hand 

pluggers.  

9. The coronal part of the canal may now be obturated with either injectable 

gutta-percha, described later, or further use of the System-B as follows.  

10. A small length of gutta-percha, about 7 mm, is cut from a further 

accessory point, coated with sealer and inserted into the canal.  

11. With the heat source turned down to 100 °C, otherwise this gutta-percha 

will not stay in the canal, a short burst of heat is applied, the gutta-percha 

compacted, and the plugger removed as before. Hand pluggers may be used to 

further compact this and any subsequent increments required.  

The remainder of the canal may be obturated by further increments, or by 

another method.  

A layer of resin-modified glass-ionomer cement is applied over  

the obturation, and a post-operative radiograph is exposed as normal. 

Advantages of System B: 

1. It creates a single wave of heating and compacting, thereby compaction 

of filling material can be done at the same time when it was heat softened.  

2. Excellent apical control.  

3. Less technique sensitive.  

4. Fast, easy, predictable.  

5. Condensation of the main canal and lateral canals.  
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6. Compaction of obturating materials occurs at all levels simultaneously 

throughout the momentum of heating and compacting the instrument apically. 

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.  

1. The method begins like other methods: fitting the plugger to the prepared 

tapered canal (Fig. 122, A). 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 

(Fig. 122, B).  

2. 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 (Fig. 122, C). Upon removal, 3 mm of the tip of the point are 

cleanly excised with a scalpel (Fig. 122, D) and this small piece is then luted to 

the end of the warmed plugger (Fig. 122, E).  

3. The 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.  

4. Under apical pressure, the plugger is rotated to separate the gutta-percha 

(Fig. 122, F) 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 (Fig. 122, G).  

 

Figure 122. Sectional gutta-percha obturation: 

A — canal prepared with flare; B — plugger preselected to fit loosely in the canal and extend 

to within 3 mm of the working length; C — master gutta-percha point fitted to within 1 mm of 

the working length. Confirm by radiograph; D — gutta-percha is removed and 3 mm of  

the apical point are excised (arrow); E — plugger is warmed in alcohol flame and the point is 

luted to plugger; gutta-percha is warmed by passing through alcohol flame and quickly coated 

with cement; F — warm gutta-percha is carried to place; the plugger is rotated to loosen and 

then used for compaction; G — radiograph should confirm well-condensed apical filling; H — 

remainder  of  canal  is  filled  by  lateral  or  vertical  condensation,  by  Compactor  or Obtura 

(courtesy of Dr. Ahmad Fahid) 
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5. 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 (Fig. 122, H). 

If a post is planned, the compaction can stop after the second piece, leaving 

5 to 6 mm of the apical canal filled. Another variation of heat-softening  

the gutta-percha is to soften each piece in chloroform or halothane in a quick 

«dip». 

 

APICAL THIRD FILLING 

 

SimpliFill obturation technique. SimpliFill (Courtesy of LightSpeed 

Technol) is a two-phased obturation method that advocates the use of a stainless 

steel carrier to place and compact a 5 mm segment of gutta-percha into the apical 

portion of canal (Fig. 123). 

 

Figure 123. SimpliFill obturation delivery device 

 

Once placed, the carrier is removed, leaving a plug of gutta-percha. If a post 

is not desired, the second phase uses a specially designed syringe to backfill  

the remainder of the canal with sealer along with accessory cones of gutta-

percha.  

The clinician can also choose any other method to backfill the remaining 

portion of the canal.  

According to the manufacturer, the overall advantages of SimpliFill are that 

its use helps to conserve dentin because of the light-speed instrumentation 

technique (less flaring); it eliminates additional internal forces since no spreader 

or plugger is used to compact the apical plug; it is simple to master; and, in 

contrast to other core-carrier systems, no carrier is left in the canal. 

Step-by-step procedure: 

1. Following the completion of the canal preparation, the specially designed 

Apical GP Plug Carrier (Fig. 124) is trial fitted without sealer into the dry canal. 

Before insertion, however, the rubber stopper on the carrier, with its attached 

gutta-percha, is set 2 mm short of the working length.  

2. The carrier is then inserted into the canal and slowly advanced, until it 

should start to bind at the length indicated by the rubber.  
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Figure 124. SimpliFill GP Plug Carrier 

 

3. Once the fit has been verified, the Apical Plug carrier is removed and  

the canal is coated with an appropriate sealer. The rubber stopper on the carrier is 

now advanced 2 mm to the working length.  

4. The GP Plug Carrier is subsequently coated with sealer, inserted into  

the canal, and advanced until resistance is felt, about 2 mm short of the working 

length.  

5. Using the carrier, the GP Plug is now vertically compacted to  

the working length with firm apical pressure. The carrier must not be rotated 

during insertion or compaction.  

6. Once the GP Plug Carrier is snugly fit, the GP Plug is released by 

rotating the carrier handle counterclockwise. During this rotation, the carrier 

must not be pushed or pulled. If the GP Plug does not release, the carrier sleeve 

is grasped with cotton pliers and, while pushing apically on the sleeve,  

the handle of the carrier is rotated counterclockwise and withdrawn. 

7. Phase 2 consists of backfilling the remaining canal if no post is desired. 

The clinician has a number of options for backfilling, including the method 

advocated by the manufacturer described as follows. A SimpliFill syringe is 

loaded with a sealer and the sealer is slowly injected into the canal space as  

the tip of the needle, equivalent to size # 40 file, contacts the GP Plug and is 

slowly withdrawn. Inserting the needle all the way to the top of the plug will 

help eliminate formation of air bubbles during the backfill. An ISO standardized 

gutta-percha cone, equivalent in size to the Apical GP Plug used to fill the apical 

segment, is then coated with sealer and placed into the sealer-filled canal until it 

contacts the compacted GP Plug. Accessory gutta-percha cones can be added as 

space fillers. As stated earlier, the clinician can also backfill using traditional 

warm-vertical compaction or may simply backfill using the Obtura II. 

Advantages: 

1. Easy to use. 

2. Time saving. 

3. Does not require compaction. 

4. Does not require heating. 

5. Biocompatible. 

6. Can be easily removed for retreatment. 
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SOLID-CORE CARRIER: MANUAL 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. What was a curiosity in 1978 has become today a popular and 

respected technique of canal obturation. 

ThermaFil (Fig. 125) 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. 

  

Figure 125. Termafil and Termaprep Plus heating system (special electric device designed for  

the heating requirements of Thermafil) 

 

ThermaFil (Dentsply/Tulsa) 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.) (Fig. 125). 

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 (Soft-Core System, Inc.), or its counterpart, Three Dee GP 

(Deproco UK Ltd.), is similar to ThermaFil; however, it contains a bipolymer 

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 
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twisting action. This leaves the coronal portion of the plastic core hollow, thus 

facilitating postspace 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. 

Step-by-step procedure (Fig. 126): 

1. Careful cleaning and shaping of the canal are essential, as is  

the development of a continuously tapering preparation. Contemporary approach 

favors the use of the variable tapered endodontic files to achieve this goal and to 

enhance the obturation afforded by the ThermaFil technique. 

2. Prior to obturation, it is recommended that the smear layer be removed 

with appropriate agents. This will promote the movement of the softened 

material into the dentinal tubules and enhance the seal.  

3. Select a ThermaFil obturator of the size and shape which fits passively at 

the working length. Establish the length by taking a radiograph. Set at the proper 

length position rubber stop.  

4. Now disinfect the obturator in 5.25 % sodium hypochlorite for one 

minute and then rinse it in 70 % alcohol.  

5. Pre heat the «ThermaPrep» oven for some time.  

 

Figure 126. Step-by-step procedure of filling root canal using ThermaFil obturators 
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6. After the canal is dried, a very light coat of the 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, should be avoided with this technique. In 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. 

7. Immediately after the sealer is applied, the warmed obturator is removed 

from the ThermaPrep Plus heater and carried slowly to the full working length in 

the canal. Previously, the built-in rubber stop, on the calibrated shaft, was set at 

the proper length position. The carrier is not twisted during the placement, and 

attempts to reposition the carrier should be avoided to prevent the disruption of 

the gutta-percha that was initially positioned through the compacting action of 

the core carrier. 

8. 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 # 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 postspace 

safely and efficiently when needed. This space can be created immediately or on 

a delayed basis without altering the apical seal.  

Advantages: 

1. Requires less chairside time.  

2. Provides dense three dimensional obturation as gutta-percha flows into 

the canal irregularities such as fins, anastomoses, and lateral canals, etc.  

3. No need to precurve obturators because of flexible carriers.  

4. Since this technique requires minimum compaction, so less strain while 

obturation with this technique.  

INJECTABLE GUTTA-PERCHA 

Instead of introducing gutta-percha into the root canal and applying heat to 

cause it to flow, the material can be heated outside the tooth and injected in  

a thermoplasticized state. 

The Obtura system (Fig. 127) is currently the most commonly used 

injection delivery system for gutta-percha.  

The Obtura system consists of a handheld gun that contains a chamber 

surrounded by a heating element into which pellets of gutta-percha are loaded 

and heated. Silver needles are attached to deliver the thermoplasticized material 

to the canal. The gun is connected by a cord to a control unit that allows  
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the operator to adjust the temperature and therefore the viscosity of the gutta-

percha. To use the system, clinician prepares the canal in the same manner as for 

lateral condensation. As the needles are small and the thermoplasticized material 

flows readily, the clinician should not create too much flare in the preparation. 

The apical terminus must remain as small as possible to prevent extrusion. 

   

Figure 127. The Obtura system 

 

The machine resembles a glue-gun. Pellets of alpha-phase gutta-percha are 

softened at about 200 °C in the handpiece, and extruded through a heated silver 

needle. Although the temperature of the gutta-percha in the Obtura injection gun 

is as high as 302 °f to 338 °f (150 °C to 170 °C), the temperature of the extruded 

material may range from 140 °f (60 °C) to 280 °f (138 °C). 

Indications: 

1. Roots with straight or slightly curved canals.  

2. For backfilling of canals. 

3. For obturation of roots with internal resorption, perforations, etc. 

Step-by-step procedure: 

1. Before starting the obturation, an applicator needle and pluggers are 

selected. The needle tip should reach ideally 3–5 mm of the apical terminus 

passively.  

2. Apply a sealer along the dentinal walls to fill the interface between gutta-

percha and dentinal walls.  

3. The gutta-percha is preheated, and the needle is placed in the canal 

within 3 to 5 mm short of apex, as warm gutta-percha flows and fills the canal, 

back pressure pushes the needle out of the canal.  

4. Now use pluggers to compact the gutta-percha, pluggers are dipped in 

isopropyl alcohol or sealer to prevent sticking of the gutta-percha. Continuous 

compaction force should be applied throughout the obturation of the whole canal 

to compensate shrinkage and to close any voids if formed. 

Alternatively, a clinician may use a segmental technique, in which 3 to  

4 mm segments of gutta-percha are sequentially injected and condensed.  

In either case, condensation should continue until the gutta-percha cools and 

solidifies, which takes 3 to 5 minutes. This compensates for the contraction that 

takes place when it cools. 
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ULTRAFIL SYSTEM 

UltraFill system (Fig. 128) uses low temperature (i. e. 70 °C) plasticized 

alpha phase gutta-percha. Here gutta-percha is available in three different 

viscosities for use in different situations. Regular set and the firm set with 

highest flow properties primarily used for injection and need not be compacted 

manually. Endoset is more of viscous and can be condensed immediately after 

injection. 

 

Figure 128. UltraFill root canal obturation system (Hygenic) 

 

Step-by-step procedure: 

1. A cannula needle is checked in the canal for fitting. It is hold 6–7 mm 

from the apex. After confirmation, it is placed in heater (at 90 °C) for minimum 

of 15 minutes before use.  

2. Apply a sealer in the canal and passively insert the needle into the canal. 

As the warm gutta-percha fills the canal, its backpressure pushes the needle out 

of the canal.  

3. Once needle is removed, prefitted plugger dipped in alcohol is used for 

manual compaction of gutta-percha. 

The comparative characteristics of various methods of the root canal filling 

are presented in Tables 12 and 13. 
Table 12 

Difference between Obtura II and Ultrafil 

Obtura II Ultrafil 

Uses high temperature  

Uses gun with heating element  

Uses needles of gauge 18, 20, 22 and 25 

Working time is 3–10 minutes  

Digital display of temperature  

Uses low temperature  

There is no heating element  

Uses needles of gauge 22 

Working time is less than one minute No digital 

read out 
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Table 13 

Main advantages and disadvantages of different root canal obturation methods 

Different root canal obturation 

methods 
Main advantages and disadvantages 

Solid core 

techniques 

Single cone 1. Simple. 

2. Quick. 

3. Good length control. 

4. Round standard preparation required. 

Lateral compaction 1. Good length control. 

2. Not one compact mass of gutta-percha. 

3. Time-consuming technique. 

4. Supposed risk of root fracture. 

Softened core 

techniques 

Warm lateral  

compaction 

1. Moderate length control. 

2. Time-consuming technique. 

3. Heat may damage periodontium. 

Warm vertical 

compaction 

1. Excellent seal apically and laterally. 

2. Poor length control. 

3. Sealer extrusion. 

4. Heat may damage periodontium. 

 Injection-molded 

gutta-percha 

1. Quick technique. 

2. Poor length control. 

1. Heat may damage periodontium. 

Thermo-

mechanical  

compaction 

1. Quick technique. 

2. Poor length control. 

3. Heat may damage periodontium. 

2. Instrument fracture risk. 

Core carrier 3. Provides dense three dimensional obturation. 

4. Quick technique. 

5. Sealer extrusion. 

6. Gutta-percha may be stripped off carrier in curvature. 

7. Difficult to remove for retreatment. 

8. In combination with posts, inconvenient technique. 

 

PATIENT INSTRUCTION AFTER CANAL OBTURATION 

 

The patient should be advised that the tooth may be slightly tender for a few 

days. The discomfort may be due to sensitivity to the possible excess of filling 

materials pushed beyond the apical foramen. Excess sealer is usually absorbed in 

a few months. Pain from temporary apical inflammation may be relieved by non-

steroidal anti-inflammatory drugs, analgesics, and frequent warm saline rinses  

(1 level teaspoon salt per 8-ounce glass of very warm water). The patient is 

advised to hold the warm water in the affected area for 10 seconds, empty  

the mouth, and repeat the procedure until the entire glass of warm salt water has 

been used. If swelling occurs, cold compresses or an ice bag should be applied 

on the face over the affected area: for 10 minutes, off 5 minutes, for several 

hours. This intraoral warming and extraoral chilling is usually effective in 

relieving postendodontic swelling and discomfort.  
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Anti-inflammatory drugs such as corticosteroids together with an antibiotic 

may be prescribed in severe cases. The patient should be advised not to chew 

unduly on the tooth until it is protected by a permanent restoration. 

 

RECALL CHECKUP 

 

A recall checkup for clinical evaluation of tissue repair and healing progress 

should be arranged before the patient is dismissed. If bone loss is extensive or 

the therapy was unusual or prolonged, the first recall checkup should be within  

3 months; in most cases, patients are recalled in 6 months. A comparison of  

the new radiograph with the preceding one should show continued regeneration 

of the bone.  

Complete bone regeneration and healing require a few months to more than 

one year. The periapical tissue of an endodontically treated tooth without an area 

of rarefaction should continue to appear normal at the recall checkup.  

The radiograph of a successful root canal filling should show  

the periodontal ligament with a uniform thickness and the lamina dura 

continuous along the lateral surfaces of the root and around the apex. A break in 

the continuity of the lamina dura around the apex should be questioned as 

evidence of possible pathologic disturbance. The root canal filling should appear 

homogeneously dense and filled to the dentin-cementum junction. The tooth 

should be entirely comfortable to the patient and be serviceable as a useful 

member of the masticating apparatus. 

 

 

 
REFERENCES 

 

1. Antibacterial Efficacy of Intracanal Medicaments on Bacterial Biofilm: a critical 

review / C. Estrela [et al.] // J. Appl. Oral. Sci. 2009. Vol. 17, № 1. P. 1–7. 

2. Carrote, P. Endodontics. Part 8. Filling the root canal system / P. Carrote // British 

Dental Journal. 2004. № 197. Р. 667–672. 

3. Castellucci, A. Endodontix / A. Castellucci // Tridente, 2005. 391 p. 

4. Clifford, J. R. Endodontic access preparation : an opening for success / J. R. Clifford // 

Dentistry Today. 2007. February. P. 1–7. 

5. Clinical Endodontics / eds. L. Tronstad. 2th ed. New York : Thieme, 2003. 271 p. 

6. Cohen’s pathways of the pulp / eds. : K. M. Hargreaves, S. Cohen, L. H. Berman. 

10th ed. China : Elsevier, 2011. 986 p. 

7. Crumpton, B. J. USN Endodontic rotary nickel-titanium instrument systems / 

B. J. Crumpton, S. McClanahan // Clin. Update. 2003. Vol. 25, № 8. P. 15–17. 

8. Endodontics / eds. : C. J. R. Stock, R. T. Walker. China : Elsevier, 2014. 388 p. 

9. Endodontics / eds. : S. Cohen, R. C. Burns. 8th ed. New York : Elsevier, 2002. 1021 p. 

10. Endodontics : principle and practice / eds. : M. Torabinejad, R. E. Walton. 4th ed. 

China : Elsevier, 2008. 598 p. 

11. Gambarini, G. Rationale for the use of low-torque endodontic motors in root canal 

instrumentation / G. Gambarini // Endod. Dent. Traum. 2000. Vol. 16. P. 95–100. 



 150 

12. Garg, N. Textbook of Endodontics / N. Garg, A. Garg. 2nd ed. Jaypee Brothers 

Medical Publishers (P) Ltd, 2010. 540 p. 

13. Gorni, F. The Outcome Of Endodontic Retreatment : A 2-Yr Follow-Up / F. Gorni,  

M. Gagliani // J. Endodon. 2004. Vol. 30. P. 1–4. 

14. Guidelines for Access Cavity Preparation in Endodontics A Peer-Reviewed 

Publication / R. Caicedo [et al.] [Electronic resource]. Mode of access : www.ineedce.com. 

15. Hülsmann, M. Complications during root canal irrigation — literature review and 

case reports / M. Hülsmann, W. Hahn // Int. Endod. J. 2000. Vol. 33, P. 186–193. 

16. Jacob, S. Root Canal Irrigation / S. Jacob // Famdent practical dentistry handbook. 

2006. Vol. 6, № 4. P. 1–4. 

17. Krishna, V. G. Access cavity preparation — an anatomical and clinical perspective 

Famdent // Pract. Dent. Handbook / V. G. Krishna. 2010. Vol. 10. № 3. P. 1–10. 

18. Larz, S. W. Spångberg & Markus Haapasalo. Rationale and efficacy of root canal 

medicaments and root filling materials with emphasis on treatment outcome / S. W. Larz // 

Endodontic Topics. 2002. № 2. P. 35–58. 

19. Murvindran, V. Antibiotics as an Intracanal Medicament in Endodontics /  

V. Murvindran, D. R. James // J. Pharm. Sci. Res. 2014. Vol. 6, № 9. P. 297–301. 

20. Problem solving in endodontics : prevention, identification and management / eds. :  

J. L. Gutmann, P. E. Lovdahl. 5th ed. Elsevier, 2010. 482 p. 

21. Raghu, S. Labial access for lower anterior teeth — a rational approach / S. Raghu, 

R. Raghu // Arch. Oral Sciences Research. 2011. Vol. 1(3). P. 156–158. 

22. Schwartz, R. S. Adhesive dentistry and endodontics. Part 2. Bonding in the root 

canal system — the promise and the problems : a review / R. S. Schwartz // JOE. 2006.  

Vol. 32, № 12. P. 1125–1134. 

23. Spencer, H. R. Review : the use of sodium hypochlorite in endodontics — potential 

complications and their management / H. R. Spencer, V. Ike, P. A. Brennan // Br. Dent. J. 

2007. Vol. 202, № 9(12). P. 555–559. 

24. Texbook of Endodontology / eds. : G. Bergenholtz, P. Hørsted-Bindslev, C. Reit.  

2th ed. United Kingdom : Blackwell Publishing, 2010. 402 p. 

25. Textbook of Endodontics / eds. : N. Garg, A. Garg. 2th ed. New Delhi : Jaypee 

Brothers Medical Publishers, 2010. 555 p. 

26. Zehnder, M. Root Canal Irrigants / M. Zehnder // JOE. 2006. Vol. 32, № 5. P. 389–398. 

  

http://www.ineedce.com/


 151 

CONTENTS 

 

INTRODUCTION............................................................................................. 3 

Chapter 1. PULPITIS ........................................................................................ 4 

Pulpitis etiology ........................................................................................ 6 

Pathogenesis of pulpitis ............................................................................ 10 

Theories of pulpitis ................................................................................... 13 

Pulpitis classification ................................................................................ 14 

Pulpitis diagnostics ................................................................................... 16 

Clinical manifestation and treatment of pulpitis ....................................... 23 

Chapter 2. APICAL PERIODONTITIS ........................................................... 34 

Apical periodontitis etiology .................................................................... 35 

Apical periodontitis pathogenesis ............................................................. 38 

Classification of apical periodontitis ........................................................ 42 

Clinical manifestation ............................................................................... 44 

Chapter 3. INSTRUMENTATION OF THE ROOT CANAL SYSTEM ........ 49 

Preparatory phase steps ............................................................................. 50 

Isolation from saliva ................................................................................. 50 

Access to the root canals ........................................................................... 50 

Endodontic Instruments ............................................................................ 58 

Standardization of endodontic instruments .............................................. 59 

Types of preparation endodontic instruments ........................................... 61 

Engine driven instruments ........................................................................ 64 

Nickel-titanium (NiTi) endodontic instruments ....................................... 65 

Evacuation of infected tissue from the root canal .................................... 71 

Root canal preparation .............................................................................. 71 

Step back technique .................................................................................. 73 

Crown down technique ............................................................................. 74 

Balanced force technique .......................................................................... 76 

Engine driven preparation with NiTi instruments .................................... 77 

Root canal length determination ............................................................... 78 

 



 152 

Chapter 4. ROOT CANAL IRRIGANTS AND MEDICAMENTS ................. 84 

Root canal irrigation .................................................................................. 85 

Sodium hypochlorite ................................................................................. 86 

Ethylene diamine tetra acetic acid (EDTA), citric acid ............................ 94 

Chlorhexidine ............................................................................................ 96 

Hydrogen peroxide .................................................................................... 97 

Irrigation technique and protocol .............................................................. 98 

Intracanal medications ............................................................................... 103 

Effects of calcium hydroxide .................................................................... 105 

Characteristics of some others intracanal medicaments ........................... 107 

Chapter 5. OBTURATION TECHNIQUES AND MATERIALS  

FOR THE ROOT CANAL SYSTEM ............................................................... 109 

Core materials............................................................................................ 109 

Gutta-percha .............................................................................................. 110 

The resin-based obturation systems .......................................................... 113 

Silver cones ............................................................................................... 114 

Sealers ....................................................................................................... 115 

Armamentarium for obturation ................................................................. 124 

Methods of obturation ............................................................................... 125 

Apical third filling ..................................................................................... 141 

Patient instruction after canal obturation .................................................. 148 

Recall checkup .......................................................................................... 149 

REFERENCES .................................................................................................. 149 

 



 

Figure 111. Stieglitz forceps, used to insert the cone into the canal 
 


